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AbVWUacW 

LLL 
 

AEVWUDFW 

EUURUV aUe a XbLTXLWRXV SaUW Rf KXPaQ e[SeULeQceV, aVVRcLaWed ZLWK SRWeQWLaO ULVNV 

bXW aOVR VeUYLQg aV UeVRXUceV fRU LPSURYLQg SeUfRUPaQce. TKe QeXUaO PRQLWRULQg Rf 

SeUfRUPaQce caQ be PeaVXUed WKURXgK eYeQW-UeOaWed bUaLQ SRWeQWLaOV (ERPV), VXcK aV WKe 

eUURU-UeOaWed QegaWLYLW\ (ERN) aQd WKe cRUUecW-UeVSRQVe QegaWLYLW\ (CRN). MeWa-aQaO\VeV 

KaYe LdeQWLfLed aQ aOWeUed ERN aV a WUaLW-OLNe ULVN PaUNeU fRU bRWK LQWeUQaOL]LQg aQd 

e[WeUQaOL]LQg dLVRUdeUV, ZLWK LQcUeaVed aPSOLWXdeV RbVeUYed LQ aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe dLVRUdeUV. HRZeYeU, WKLV aVVRcLaWLRQ LV QRW cRQVLVWeQW acURVV aOO UeOaWed 

dLagQRVWLc caWegRULeV, RfWeQ aWWULbXWed WR dLffeULQg XQdeUO\LQg WUaQVdLagQRVWLc facWRUV (e.g., 

WUaLW ZRUU\). CKaOOeQgLQg WKe aVVXPed WUaLW-OLNe QaWXUe Rf WKe ERN, V\PSWRP fOXcWXaWLRQV 

(e.g., VWaWe ZRUU\) Pa\ aOVR LQfOXeQce WKe ERN. FXUWKeUPRUe, WKeUe LV OLPLWed XQdeUVWaQdLQg 

Rf KRZ aQ LQcUeaVed ERN cRQWULbXWeV WR SV\cKRSaWKRORg\, aORQg ZLWK RQO\ feZ VWXdLeV 

eYaOXaWLQg PXOWLSOe dLVRUdeU caWegRULeV aQd WeVWLQg fRU effecW VSecLfLcLW\. TKLV dLVVeUWaWLRQ 

aLPV WR UefLQe WKe XQdeUVWaQdLQg Rf eOecWURSK\VLRORgLcaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg 

acURVV WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP b\ ePSOR\LQg a WUaQVdLagQRVWLc aQd 

dLPeQVLRQaO aSSURacK WKaW LQcOXdeV YaULRXV dLagQRVWLc gURXSV aQd ERPV. 

DLVeQWaQgOLQg WKe aVVRcLaWLRQV Rf WKe ERN/CRN ZLWK WUaLW aQd VWaWe ZRUU\, WKe 

SUeUegLVWeUed UaQdRPL]ed-cRQWUROOed ORQgLWXdLQaO VWXd\ 1 (n = 90) dLd QRW LQdLcaWe 

LQWUaLQdLYLdXaO YaULabLOLW\ Rf WKe ERN/CRN dXe WR WKe e[SeULPeQWaO PaQLSXOaWLRQ Rf VWaWe 

ZRUU\. IQVWead, KLgKeU OeYeOV Rf WUaLW ZRUU\ ZeUe OLQNed WR aQ eQKaQced ERN/CRN, 

SaUWLcXOaUO\ LQ ZRPeQ. SWXd\ 2 LQYeVWLgaWed WKe UROe Rf WKe ERN/CRN aV ULVN PaUNeUV XVLQg 

a SUeUegLVWeUed cURVV-VecWLRQaO deVLgQ (n = 156). TKLV VWXd\ fRXQd QR VLgQLfLcaQW ERN/CRN 

dLffeUeQceV beWZeeQ SaUWLcLSaQWV ZLWK RbVeVVLYe-cRPSXOVLYe dLVRUdeU, VRcLaO aQ[LeW\ 

dLVRUdeU, RU VSecLfLc SKRbLa, aV ZeOO aV cRQWURO SaUWLcLSaQWV. HRZeYeU, afWeU UecOaVVLf\LQg WKe 

VaPSOe, VWXd\ 2 fRXQd WUeQd-OeYeO VLgQLfLcaQW OaUgeU ERN/CRN aPSOLWXdeV LQ cOLQLcaO 

cRPSaUed WR QRQcOLQLcaO SaUWLcLSaQWV, aV ZeOO aV VLgQLfLcaQW OaUgeU aPSOLWXdeV fRU WKRVe ZLWK 

a faPLO\ ULVN fRU LQWeUQaOL]LQg V\PSWRPV. AddLWLRQaOO\, MRLQW aQaO\VeV Rf VWXd\ 1 aQd 2 (n = 

246) cRQfLUPed WKe ERN/CRN OLQN ZLWK WUaLW ZRUU\ fRU ZRPeQ. FLQaOO\, WKe SURVSecWLYe 

VWXd\ 3 addUeVVed WKe SaWKZa\V fURP aQ eQKaQced ERN/CRN WR WKe deYeORSPeQW Rf 

LQWeUQaOL]LQg SV\cKRSaWKRORg\ b\ ePSOR\LQg PedLaWLRQ aQaO\VeV dXULQg WKe COVID-19 

SaQdePLc (n = 113). ReVXOWV LQdLcaWed WKaW aQ LQcUeaVed SUe-SaQdePLc ERN/CRN ZeUe 

LQdLUecWO\ OLQNed WR aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, aQd deSUeVVLYe V\PSWRPV dXULQg WKe 

SaQdePLc, PedLaWed b\ a KeLgKWeQed COVID-19 ULVN SeUceSWLRQ aQd LQcUeaVed VWUeVV. 



AbVWUacW 

LY 
 

AV a V\QWKeVLV Rf WKe aYaLOabOe OLWeUaWXUe aQd WKe cXUUeQW UeVXOWV, WKLV dLVVeUWaWLRQ 

SURSRVeV aQ LQWegUaWLYe PRdeO Rf eUURU-UeOaWed bUaLQ acWLYLW\ aQd SV\cKRSaWKRORg\. TKLV 

PRdeO LdeQWLfLeV aQ aOWeUed ERN aV a QeXUaO YXOQeUabLOLW\ PaUNeU OLQNed WR bRWK WKe 

LQWeUQaOL]LQg aQd e[WeUQaOL]LQg VSecWUXP WKURXgK OaWeQW dLPeQVLRQV XQdeUO\LQg PXOWLSOe 

cOLQLcaO SKeQRW\SeV, VXcK aV WUaLW ZRUU\ fRU aQ[LeW\- aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV 

RU LPSXOVLYLW\ fRU VXbVWaQce XVe aQd K\SeUacWLYLW\. MRUeRYeU, LW cRQVLdeUV SRWeQWLaO 

PRdeUaWRUV aQd PedLaWRUV Rf WKeVe aVVRcLaWLRQV, VXcK aV bLRORgLcaO Ve[, WePSeUaPeQW, 

adYeUVe OLfe eYeQWV, aQd LQWeUSeUVRQaO VWUeVV. HRZeYeU, gLYeQ WKe KeWeURgeQeRXV CRN 

OLWeUaWXUe, LW VeePV SUePaWXUe WR LQcRUSRUaWe aQ aOWeUed CRN aV aQ addLWLRQaO PRdeO 

cRPSRQeQW. NeYeUWKeOeVV, WKe PRdeO RffeUV a QeXURVcLeQWLfLcaOO\ LQfRUPed fUaPeZRUN ZLWK 

WKe SRWeQWLaO WR QRW RQO\ gXLde fXWXUe UeVeaUcK bXW aOVR WR facLOLWaWe WKe deYeORSPeQW Rf 

WaUgeWed LQWeUYeQWLRQV baVed RQ NQRZOedge fURP bUaLQ SRWeQWLaOV, XOWLPaWeO\ aLPed aW 

SUeYeQWLQg PeQWaO KeaOWK LPSaLUPeQWV aQd UedXcLQg WKe ULVN Rf SV\cKRSaWKRORgLcaO 

cRQdLWLRQV.  

 



GeUPaQ AbVWUacW 
 

Y 
 

GHUPDQ AEVWUDFW 

FeKOeU VLQd eLQ aOOgegeQZlUWLgeU BeVWaQdWeLO PeQVcKOLcKeU EUfaKUXQgeQ, dLe VRZRKO 

PLW SRWeQ]LeOOeQ RLVLNeQ aOV aXcK M|gOLcKNeLWeQ ]XU VeUbeVVeUXQg ]XN�QfWLgeU HaQdOXQgeQ 

YeUbXQdeQ VLQd. DLe QeXURQaOe HaQdOXQgV�beUZacKXQg NaQQ dXUcK eUeLgQLVNRUUeOLeUWe 

HLUQSRWeQ]LaOe (EKPV) gePeVVeQ ZeUdeQ, LQVbeVRQdeUe dXUcK dLe error-related negativit\ 

(ERN) XQd correct-response negativit\ (CRN). MeWa-AQaO\VeQ deXWeQ daUaXf KLQ, daVV eLQe 

YeUlQdeUWe ERN eLQ VWabLOeU RLVLNRPaUNeU f�U LQWeUQaOLVLeUeQdeQ XQd e[WeUQaOLVLeUeQdeQ 

SW|UXQgeQ ZLdeUVSLegeOW, ZRbeL eUK|KWe APSOLWXdeQ beL AQgVW- XQd ZZaQgVVW|UXQgeQ 

gePeVVeQ ZeUdeQ NRQQWeQ. DLeVe AVVR]LaWLRQ LVW MedRcK QLcKW beL aOOeQ SW|UXQgVgUXSSeQ 

LQQeUKaOb dLeVeV SSeNWUXPV beRbacKWbaU, ZaV aXf ]XgUXQdeOLegeQde WUaQVdLagQRVWLVcKe 

FaNWRUeQ (].B. SRUgeQeLgXQg) ]XU�cNgef�KUW ZXUde. Da aOOeUdLQgV aXcK LQWUaLQdLYLdXeOOe 

VeUlQdeUXQgeQ deU ERN LQ AbKlQgLgNeLW YRQ S\PSWRPaXVSUlgXQgeQ (].B. VLWXaWLYe 

SRUgeQ) gefXQdeQ ZXUdeQ, VWeOOW dLeV dLe YRUUaQgLg aQgeQRPPeQe SWabLOLWlW deU 

ZXVaPPeQKlQge PLW deU ERN LQ FUage. DaU�beU KLQaXV LVW daV VeUVWlQdQLV daU�beU, ZLe 

eLQe eUK|KWe ERN ]X SV\cKRSaWKRORgLVcKeQ S\PSWRPeQ f�KUW, QRcK begUeQ]W, XQd eV 

PaQgeOW aQ SWXdLeQ, dLe gOeLcK]eLWLg PeKUeUe SW|UXQgVgUXSSeQ XQd EKPV XQWeUVXcKeQ. AXV 

dLeVeP GUXQd P|cKWe dLeVe DLVVeUWaWLRQ dLe ZXVaPPeQKlQge YRQ eOeNWURSK\VLRORgLVcKeQ 

KRUUeOaWeQ deU HaQdOXQgV�beUZacKXQg LP AQgVW- XQd ZZaQgVVSeNWUXP beVVeU YeUVWeKeQ, 

LQdeP eLQ WUaQVdLagQRVWLVcKeU XQd dLPeQVLRQaOeU AQVaW] geZlKOW ZLUd, deU YeUVcKLedeQe 

dLagQRVWLVcKe GUXSSeQ XQd EKPV eLQbe]LeKW. 

DLe ZXVaPPeQKlQge ]ZLVcKeQ deU ERN/CRN PLW SRUgeQeLgXQg XQd VLWXaWLYeQ 

SRUgeQ XQWeUVXcKeQd, ]eLgWe SWXdLe 1 (n = 90) XQWeU VeUZeQdXQg eLQeV SUlUegLVWULeUWeQ, 

UaQdRPLVLeUW-NRQWUROOLeUWeQ LlQgVVcKQLWWdeVLgQV, daVV NeLQe LQWUaLQdLYLdXeOOeQ 

VeUlQdeUXQgeQ deU ERN/CRN aXfgUXQd deU e[SeULPeQWeOOeQ MaQLSXOaWLRQ YRQ VLWXaWLYeQ 

SRUgeQ PeVVbaU ZaUeQ. SWaWWdeVVeQ ZaUeQ eLQe eUK|KWe SRUgeQeLgXQg PLW eLQeU gU|�eUeQ 

ERN/CRN YeUbXQdeQ, LQVbeVRQdeUe beL FUaXeQ. SWXdLe 2 XQWeUVXcKWe dLe ERN/CRN aOV 

RLVLNRPaUNeU f�U AQgVW- XQd ZZaQgVVW|UXQgeQ XQWeU VeUZeQdXQg eLQeV SUlUegLVWULeUWeQ 

QXeUVcKQLWWdeVLgQV (n = 156). DLeVe SWXdLe faQd NeLQe VLgQLfLNaQWeQ UQWeUVcKLede LQ deU 

ERN/CRN ]ZLVcKeQ TeLOQeKPeQdeQ PLW ZZaQgVVW|UXQg, VR]LaOeU AQgVWVW|UXQg, 

VSe]LfLVcKeU PKRbLe VRZLe deU KRQWUROOgUXSSe. DLe QRcKPaOLge AXfWeLOXQg LQ NOLQLVcKe XQd 

QLcKW NOLQLVcKe TeLOQeKPeQde KLQVLcKWOLcK eLQeU LQWeUQaOLVLeUeQdeQ SW|UXQg, MeZeLOV PLW 

RdeU RKQe faPLOLlUeV RLVLNR f�U eLQe LQWeUQaOLVLeUeQde SW|UXQg, ]eLgWe WUeQd-VLgQLfLNaQWe 

gU|�eUe ERN-/CRN-APSOLWXdeQ beL NOLQLVcKeQ TeLOQeKPeQdeQ VRZLe VLgQLfLNaQW gU|�eUe 



GeUPaQ AbVWUacW 
 

YL 
 

APSOLWXdeQ beL TeLOQeKPeQde PLW faPLOLlUeP RLVLNR. DaU�beU KLQaXV beVWlWLgWeQ 

]XVlW]OLcKe AQaO\VeQ LQ deQ NRPbLQLeUWeQ SWLcKSURbeQ YRQ SWXdLe 1 XQd 2 (n = 246) deQ 

ZXVaPPeQKaQg YRQ eUK|KWeU SRUgeQeLgXQg beL FUaXeQ PLW eLQeU MeZeLOV eUK|KWeQ 

ERN/CRN. ScKOLe�OLcK beVcKlfWLgWe VLcK SWXdLe 3 PLW deU RROOe eLQeU eUK|KWeQ ERN/CRN 

beL deU EQWZLcNOXQg YRQ LQWeUQaOLVLeUeQdeU S\PSWRPeQ XQWeU VeUZeQdXQg YRQ 

MedLaWLRQVQaO\VeQ LQ eLQeP SURVSeNWLYeQ DeVLgQ ZlKUeQd deU COVID-19-PaQdePLe (n = 

113). DLe EUgebQLVVe ]eLgWeQ, daVV eLQe eUK|KWe ERN/CRN YRU deU PaQdePLe LQdLUeNW PLW 

VWlUNeUeQ AQgVW-, ZZaQgV- XQd DeSUeVVLRQVV\PSWRPeQ ZlKUeQd deU PaQdePLe YeUbXQdeQ 

ZaUeQ. DLeVeU EffeNW ZXUde dXUcK eLQ eUK|KWeV RLVLNRePSfLQdeQ LP ZXVaPPeQKaQg PLW 

eLQeU CRURQa-IQfeNWLRQ XQd eLQeP K|KeUeQ SWUeVVOeYeO YeUPLWWeOW. 

AOV ZXVaPPeQfaVVXQg deU YeUf�gbaUeQ LLWeUaWXU XQd deU aNWXeOOeQ EUgebQLVVe 

VcKOlgW dLeVe DLVVeUWaWLRQ eLQ LQWegUaWLYeV MRdeOO deU feKOeUbe]RgeQeQ GeKLUQaNWLYLWlW XQd 

PV\cKRSaWKRORgLe YRU. DLeVeV MRdeOO beVcKUeLbW eLQe YeUlQdeUWe ERN aOV eLQeQ QeXUaOeQ 

VXOQeUabLOLWlWVPaUNeU, deU VRZRKO PLW LQWeUQaOLVLeUeQdeQ aOV aXcK e[WeUQaOLVLeUeQdeQ 

SW|UXQgeQ �beU OaWeQWe DLPeQVLRQeQ LQ VeUbLQdXQg VWeKW, dLe MeZeLOV PeKUeUeQ NOLQLVcKe 

PKlQRW\SeQ ]XgUXQde OLegeQ, ZLe beLVSLeOVZeLVe SRUgeQeLgXQg beL AQgVW- XQd 

ZZaQgVV\PSWRPeQ RdeU IPSXOVLYLWlW beL SXbVWaQ]NRQVXP XQd H\SeUaNWLYLWlW. DaU�beU 

KLQaXV beU�cNVLcKWLgW daV MRdeOO SRWeQ]LeOOe MRdeUaWRUeQ XQd MedLaWRUeQ dLeVeU 

ZXVaPPeQKlQge, ZLe beLVSLeOVZeLVe GeVcKOecKW, TePSeUaPeQW, NULWLVcKe 

LebeQVeUeLgQLVVe XQd ]ZLVcKeQPeQVcKOLcKeQ SWUeVV. AQgeVLcKWV deU KeWeURgeQeQ CRN-

LLWeUaWXU VcKeLQW eV MedRcK QRcK YeUfU�KW, eLQe YeUlQdeUWe CRN aOV ]XVlW]OLcKe 

MRdeOONRPSRQeQWe eLQ]Xbe]LeKeQ. NLcKWVdeVWRWURW] bLeWeW daV MRdeOO eLQeQ 

QeXURZLVVeQVcKafWOLcK LQfRUPLeUWeQ RaKPeQ, deU QLcKW QXU ]XN�QfWLge FRUVcKXQgVaUbeLWeQ 

OeLWeQ, VRQdeUQ aXcK baVLeUeQd aXf deP bLVKeULgeQ WLVVeQ �beU HLUQSRWeQWLaOe dLe 

EQWZLcNOXQg ge]LeOWeU IQWeUYeQWLRQeQ XQWeUVW�W]eQ NaQQ, dLe OeW]WOLcK daUaXf ab]LeOeQ, 

BeeLQWUlcKWLgXQgeQ deU SV\cKLVcKeQ GeVXQdKeLW ]X YeUKLQdeUQ VRZLe daV RLVLNR f�U eLQe 

SV\cKRSaWKRORgLVcKe S\PSWRPaWLN ]X UedX]LeUeQ. 

 



TKeRUeWLcaO BacNgURXQd 
 

1 
 

1. TKHRUHWLFDO BDFNJURXQG 

1.1 OQ WKH RROH RI EUURUV LQ HXPDQ CRJQLWLRQ DQG EPRWLRQ 

1.1.1 A CRPPRQ HXPDQ E[SHULHQFH 

MaNLQg a PLVWaNe LV a cRPPRQ aQd XbLTXLWRXV KXPaQ e[SeULeQce. HRZeYeU, deVSLWe 

LWV cRPPRQaOLW\, PRVW SeRSOe fLQd LW QeLWKeU SOeaVaQW QRU deVLUabOe. TKXV, LW LV XQVXUSULVLQg 

WKaW PaQ\ Rf XV Pa\ QRW UeadLO\ ePbUace RU e[SUeVV eQWKXVLaVP fRU eQMR\LQg WKe acW Rf 

cRPPLWWLQg eUURUV, eYeQ WKRXgK KXPaQ OeaUQLQg LV fLUPO\ URRWed LQ WULaO-aQd-eUURU 

aSSURacKeV. AQ RbYLRXV UeaVRQ fRU WKLV KeVLWaWLRQ LV WKe ZLde UaQge Rf SRWeQWLaO 

cRQVeTXeQceV aVVRcLaWed ZLWK eUURUV. FRU LQVWaQce, cURVVLQg aQ LQWeUVecWLRQ aV a SedeVWULaQ 

ZLWKRXW WKRURXgKO\ cKecNLQg fRU YeKLcOeV befRUeKaQd SRVeV VLgQLfLcaQW daQgeU aQd SRWeQWLaO 

KaUP, QRW RQO\ WR RQeVeOf bXW aOVR WR RWKeUV. HRZeYeU, LW LV cUXcLaO WR UecRgQL]e WKaW eUURUV, 

deVSLWe WKeLU SRWeQWLaO fRU adYeUVe RXWcRPeV, dR QRW XQLYeUVaOO\ UeVXOW LQ faWaO cRQVeTXeQceV, 

aV e[ePSOLfLed LQ WKe afRUePeQWLRQed VceQaULR. IQ facW, eUURUV VeUYe aV LPSRUWaQW UeVRXUceV 

fRU acTXLULQg QeZ LQfRUPaWLRQ. FRU e[aPSOe, dXULQg cKLOdKRRd, PLVVSeOOLQg ZRUdV LV 

LQeYLWabOe befRUe PaVWeULQg WKe aUW Rf ZULWLQg. HeQce, eUURUV aUe QRW LQKeUeQWO\ KaUPfXO RU 

daQgeURXV eYeQWV; LQVWead, WKe\ aOVR SURYLde RSSRUWXQLWLeV fRU KXPaQV WR cRQVWaQWO\ 

eQKaQce WKeLU NQRZOedge, VNLOOV, aQd abLOLWLeV WKURXgK cRgQLWLYe, PRWLYaWLRQaO, aQd 

beKaYLRUaO adMXVWPeQWV (BRWYLQLcN eW aO., 2001; CaYaQagK & SKacNPaQ, 2015; SLPRQV, 

2010; WeLQbeUg eW aO., 2012). 

1.1.2 EOHFWURSK\VLRORJLFDO IQGLFHV RI PHUIRUPDQFH MRQLWRULQJ 

A WeVWaPeQW WR WKe SLYRWaO UROe Rf eUURUV fRU KXPaQ SeUfRUPaQce aQd LWV LPSURYePeQW 

LV WKe e[WeQVLYe fRcXV eUURUV KaYe UeceLYed fURP QeXURVcLeQWLfLc UeVeaUcK RYeU WKe SaVW WKUee 

decadeV (GeKULQg eW aO., 2018). A OaUge bRd\ Rf OLWeUaWXUe cRQWULbXWLQg WR RXU XQdeUVWaQdLQg 

Rf ZKaW UROe eUURUV SOa\ LQ KXPaQ cRgQLWLRQ aQd ePRWLRQ KaV ePeUged fURP VWXdLeV 

LQYeVWLgaWLQg eUURU PRQLWRULQg WKURXgK eOecWUReQceSKaORgUaSK\ (EEG). SSecLfLcaOO\, aQ 

eYeQW-UeOaWed SRWeQWLaO (ERP) aVVRcLaWed ZLWK eUURU cRPPLVVLRQ, LQLWLaOO\ WeUPed eUURU 

QegaWLYLW\ (NE; FaONeQVWeLQ eW aO., 1991) aQd OaWeU cRLQed eUURU-UeOaWed QegaWLYLW\ (ERN; 

GeKULQg eW aO., 1993) KaV gaUQeUed VXbVWaQWLaO aWWeQWLRQ, aPaVVLQg aSSUR[LPaWeO\ 5000 

cLWaWLRQV fRU WKe RULgLQaO VWXdLeV (Me\eU, 2022). TKe ERN PaQLfeVWV aV a VKaUS UeVSRQVe-

ORcNed ERP UeacKLQg LWV Pa[LPXP SeaN beWZeeQ 0 ± 100 PV afWeU eUURQeRXV UeVSRQVeV aW 

fURQWR-ceQWUaO VLWeV aQd LV PRVW cRPPRQO\ eOLcLWed LQ e[SeULPeQWV XWLOL]LQg UeVSRQVe-

cRQfOLcW WaVNV (e.g., FOaQNeU, GR/NR-GR, SWURRS, RU aQ aQWLVaccade WaVN), RU SURbabLOLVWLc 

UeZaUd OeaUQLQg WaVNV (PaVLRQ & BaUbRVa, 2019). AQ e[aPSOe Rf WKe fOaQNeU WaVN, ZKLcK ZaV 
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SULPaULO\ XVed LQ WKLV dLVVeUWaWLRQ aQd LV RQe Rf WKe PRVW cRPPRQO\ ePSOR\ed WaVNV WR VWXd\ 

WKe ERN (WeLQbeUg, DLeWeULcK, eW aO., 2015), LV LOOXVWUaWed LQ FLgXUe 1. TKe ERN LV 

PeaVXUabOe acURVV WKe OLfeVSaQ eQcRPSaVVLQg LQdLYLdXaOV fURP aV \RXQg aV fLYe \eaUV WR aV 

adYaQced aV 80 \eaUV (DaYLeV eW aO., 2004a, 2004b; NLeXZeQKXLV eW aO., 2002; TRUSe\ eW aO., 

2009) aQd VKRZV KLgK LQWeUQaO cRQVLVWeQc\ acURVV WaVNV (LaUVRQ eW aO., 2010; OOYeW & HaMcaN, 

2009b; RLeVeO eW aO., 2013) ZLWK gRRd WeVW-UeWeVW UeOLabLOLW\ RYeU aQ LQWeUYaO Rf WZR WR VL[ 

ZeeNV (LaUVRQ eW aO., 2010; OOYeW & HaMcaN, 2009a; SegaORZLW] eW aO., 2010) aQd eYeQ XS WR 

WZR \eaUV (WeLQbeUg & HaMcaN, 2011), dePRQVWUaWLQg LWV XWLOLW\ aV a WUaLW-OLNe PaUNeU. 

 

Figure 1. Modified flanker task consisting of an inter-trial interval with a fixation cross, the 
presentation of stimuli including index and flanker arrowheads, and a response window. 
Participants were instructed to indicate the direction of the center arrow by pressing a key with their 
respective left or right index finger as quickly and accurately as possible.  
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WLWKLQ a VLPLOaU WLPe ZLQdRZ aQd ZLWK a cRPSaUabOe WRSRgUaSKLcaO dLVWULbXWLRQ Rf 

WKe ERN, aQRWKeU ERP LV aOVR eOLcLWed afWeU cRUUecW UeVSRQVeV, bXW ZLWK a UeOaWLYeO\ VPaOOeU 

aPSOLWXde. TKLV ERP LV cRPPRQO\ UefeUUed WR aV WKe cRUUecW-UeVSRQVe QegaWLYLW\ (CRN; 

VLdaO eW aO., 2003; VLdaO eW aO., 2000) aQd KaV UeceLYed VLgQLfLcaQWO\ OeVV aWWeQWLRQ LQ SUeYLRXV 

UeVeaUcK cRPSaUed ZLWK WKe ERN (MLcKaeO eW aO., 2021). TKLV LV OLNeO\, aW OeaVW LQ SaUW, a 

UeVXOW Rf dLffeUeQW TXaQWLfLcaWLRQ aSSURacKeV ePSOR\ed LQ SaVW VWXdLeV ZKeUe aQ 'ERN was 

aVVeVVed aV WKe dLffeUeQce RU UeVLdXaOL]ed VcRUe Rf WKe ERPV eOLcLWed b\ eUURQeRXV aQd 

cRUUecW UeVSRQVeV. TRgeWKeU, WKe ERN aQd CRN UeSUeVeQW WZR Rf WKe PRVW cRPPRQO\ 

LQYeVWLgaWed QeXUaO LQdLceV Rf WKe cRgQLWLYe V\VWeP, PRQLWRULQg KXPaQ SeUfRUPaQce 

WKURXgK WKe aVVeVVPeQW Rf eUURQeRXV aQd cRUUecW UeVSRQVeV (FLgXUe 2).  

 

Figure 2. Exemplary illustration of response-locked grand-averaged waveforms at electrode FCz 
during erroneous and correct trials of a modified flanker task. Response was given at 0 ms by 
pressing one of two predefined keys referring to the direction of the center arrowhead. 
Corresponding topographic head maps of the ERN and CRN (mean activity 0 ± 100 ms). ERN = 
error-related negativity; CRN = correct-response negativity. 
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A WKLUd ERP aVVRcLaWed ZLWK eUURU SURceVVLQg LV WKe eUURU SRVLWLYLW\ (Pe, FaONeQVWeLQ 

eW aO., 2000). TKe Pe LV cKaUacWeUL]ed b\ a SRVLWLYe defOecWLRQ VXbVeTXeQW WR WKe ERN aQd 

caQ be dLYLded LQWR WZR SRWeQWLaOO\ dLVWLQcW VXbcRPSRQeQWV UefOecWLQg SaUWLaOO\ dLVVRcLabOe 

feaWXUeV (EQdUaVV eW aO., 2007; OYeUbeeN eW aO., 2005): aQ eaUO\, PRUe fURQWR-ceQWUaO 

cRPSRQeQW (200 ± 400 PV) aQd a OaWe, PRUe ceQWUR-SaULeWaO cRPSRQeQW (400 ± 600 PV, 

FLgXUe 3). AOWKRXgK WKe SUecLVe UROe Rf WKe Pe LV geQeUaOO\ OeVV XQdeUVWRRd aQd UePaLQV 

VXbMecW Rf RQgRLQg debaWe cRPSaUed ZLWK WKe cRQYeUgLQg WKeRUeWLcaO gURXQd Rf ERN 

OLWeUaWXUe, WKe eaUO\ Pe VeePV WR be PRUe cORVeO\ OLQNed WR WKe ERN, ZKLOe WKe OaWe Pe KaV 

RfWeQ beeQ deVcULbed WR UefOecW eUURU aZaUeQeVV RU cRQVcLRXV eUURU SURceVVLQg LQVWead Rf WKe 

deWecWLRQ Rf eUURUV (Vee WeVVeO, 2012, fRU a UeYLeZ).  

 

Figure 3. Exemplary illustration of response-locked grand-averaged waveforms at electrode CPz 
during erroneous and correct trials of a modified flanker task. Response was given at 0 ms by 
pressing one of two predefined keys referring to the direction of the center arrowhead. 
Corresponding topographic head map of the Pe (mean activity 400 ± 600 ms). Pe = error positivity. 
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1.1.3 FXQFWLRQDO SLJQLILFDQFH RI EUURU MRQLWRULQJ  

TKe SURORQged aQd RQgRLQg QeXURVcLeQWLfLc UeVeaUcK KaV gLYeQ ULVe WR aQ e[WeQVLYe 

bRd\ Rf WKeRUeWLcaOO\ aQd ePSLULcaOO\ gURXQded fUaPeZRUNV, aOO aLPed aW eOXcLdaWLQg WKe 

fXQcWLRQaO UROe Rf WKe ERN ZLWKLQ WKe cRgQLWLYe V\VWeP. TKe LQLWLaO cRQceSWXaOL]aWLRQ, 

WeUPed PLVPaWcK WKeRU\, deVcULbed WKe ERN aV a UeVXOW Rf WKe dLYeUgeQce beWZeeQ WKe 

PeQWaO UeSUeVeQWaWLRQV Rf WKe UeTXLUed aQd WKe acWXaO UeVSRQVe (FaONeQVWeLQ eW aO., 1991; 

GeKULQg eW aO., 1993). SXbVeTXeQWO\, cRQfOLcW WKeRU\ UefLQed WKLV SeUVSecWLYe b\ SURSRVLQg 

WKaW WKe ERN aULVeV fURP WKe cRQfOLcW beWZeeQ WZR VLPXOWaQeRXVO\ acWLYaWed UeVSRQVe 

WeQdeQcLeV (BRWYLQLcN eW aO., 2001; YeXQg eW aO., 2004). A WKLUd aSSURacK, WKe UeLQfRUcePeQW 

OeaUQLQg WKeRU\, bXLOdV RQ WKe aVVXPSWLRQ WKaW WKe ERN UefOecWV aOWeUaWLRQV LQ dRSaPLQe 

acWLYLW\ ZKeQeYeU aQ RXWcRPe deYLaWeV fURP ZKaW ZaV LQLWLaOO\ SUedLcWed (HROUR\d & CROeV, 

2002). FLQaOO\, aQRWKeU aSSURacK XQdeUVcRUeV WKe UROe Rf PRWLYaWLRQ aQd ePRWLRQ, 

VXggeVWLQg WKaW WKe PagQLWXde Rf WKe ERN LV OLQNed WR WKe LQdLYLdXaO VLgQLfLcaQce aQd WKe 

SRWeQWLaO cRQVeTXeQceV Rf cRPPLWWLQg aQ eUURU (HaMcaN, 2012; HaMcaN & FRWL, 2008; 

PURXdfLW eW aO., 2013). TKLV aSSURacK LV baVed RQ WKe RbVeUYaWLRQ WKaW WKe ERN, fRU LQVWaQce, 

LV W\SLcaOO\ OaUgeU ZKeQ eUURUV aUe SXQLVKed, PaNLQg WKeP PRUe aYeUVLYe RU eYeQ WKUeaWeQLQg 

(Me\eU & GaZORZVNa, 2017; RLeVeO, KaWKPaQQ, W�OOKRUVW, eW aO., 2019; RLeVeO eW aO., 2012). 

DeVSLWe WKeLU dLffeUeQW XQdeUO\LQg aVVXPSWLRQV, aOO Rf WKeVe aSSURacKeV acNQRZOedge WKe 

cUXcLaO UROe Rf WKe ERN LQ cRgQLWLYe cRQWURO fXQcWLRQV WKaW aUe UeOeYaQW LQ WKe SURceVVLQg Rf 

PRWLYaWLRQaOO\ VaOLeQW eYeQWV. TKe\ SURSRVe WKaW WKe ERN VLgQaOV WKe Qeed fRU fOe[LbOe 

adMXVWPeQWV WR PeeW WKe dePaQdV Rf a cKaQgLQg eQYLURQPeQW, VeUYLQg aV WKe VWaUWLQg SRLQW 

fRU a SRWeQWLaO caVcade Rf UegXOaWLQg SURceVVeV WKaW XOWLPaWeO\ cXOPLQaWe LQ LPSURYed fXWXUe 

beKaYLRU aQd SeUfRUPaQce (WeLQbeUg, DLeWeULcK, eW aO., 2015). 

1.1.4 NHXUDO GHQHUDWRUV RI WKH EUURU-RHODWHG BUDLQ AFWLYLW\  

TKe fUaPeZRUNV dLVcXVVLQg WKe fXQcWLRQaO UROe Rf WKe ERN KaYe beeQ LQfRUPed aQd 

eQULcKed b\ QeXURbLRORgLcaO fLQdLQgV WKaW e[aPLQe LWV QeXUaO fRXQdaWLRQV. AccXPXOaWLQg 

eYLdeQce cRQVLVWeQWO\ LdeQWLfLeV WKe aQWeULRU cLQgXOaWe cRUWe[ (ACC) aV a SULQcLSaO QeXUaO 

geQeUaWRU Rf WKe ERN (CaUWeU eW aO., 1998; DeKaeQe eW aO., 1994) ZLWK VRPe PRUe fLQeO\ 

VcaOed VWXdLeV LQcRQVLVWeQWO\ ePSKaVL]LQg WKe SaUWLcXOaU LQYROYePeQW Rf eLWKeU WKe dRUVaO 

(GLObeUWVRQ eW aO., 2021; HRcKPaQ eW aO., 2014; PRXUWRLV eW aO., 2010; Ta\ORU eW aO., 2007), 

caXdaO (BUi]dLO eW aO., 2005; O'CRQQeOO eW aO., 2007; UUVX eW aO., 2009; YaQ BR[WeO eW aO., 

2005), RU URVWUaO VXbdLYLVLRQ Rf WKe ACC (BUi]dLO eW aO., 2005; HRSfLQgeU eW aO., 2000; MaLeU 

eW aO., 2015). TKeVe fLQdLQgV VWeP fURP a YaULeW\ Rf PeWKRdRORgLcaO aSSURacKeV, LQcOXdLQg 
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LQWUaceUebUaO VLQgOe-XQLW UecRUdLQgV LQ SULPaWeV (GRdORYe eW aO., 2011) aQd KXPaQV (BUi]dLO 

eW aO., 2005), PeaVXUePeQWV Rf ORcaO fLeOd SRWeQWLaOV (LFP; EPeULc eW aO., 2008; PRXUWRLV eW 

aO., 2010), fXQcWLRQaO PagQeWLc UeVRQaQce LPagLQg (fMRI; CaUWeU eW aO., 1998; RLddeULQNKRf 

eW aO., 2004; UUVX eW aO., 2009), VRXUce ORcaOL]aWLRQ LQ bRWK eOecWUR- (EEG; DeKaeQe eW aO., 

1994; HRcKPaQ eW aO., 2014; O'CRQQeOO eW aO., 2007; YaQ BR[WeO eW aO., 2005) aQd 

PagQeWReQceSKaORgUaSKLc VWXdLeV (MEG; MLOWQeU eW aO., 2003), aV ZeOO aV fURP WKe 

cRPbLQaWLRQ Rf QeXURVcLeQWLfLc PeWKRdV (L.e., fMRI aQd EEG; DebeQeU eW aO., 2005; 

EdZaUdV eW aO., 2012; GLObeUWVRQ eW aO., 2021; IaQQaccRQe eW aO., 2015; YaQ VeeQ & CaUWeU, 

2002).  

TKe ACC KaUbRUV a VXbVWaQWLaO deQVLW\ Rf dRSaPLQeUgLc QeXURQV (LXPPe eW aO., 

2007; OOYeU eW aO., 2010), ZLWK bRWK WRQLc aQd SKaVLc dRSaPLQe OeYeOV PRdXOaWLQg WKe 

PagQLWXde Rf WKe ERN (de BUXLMQ eW aO., 2004; Me\eU, KOeLQ, eW aO., 2012; ZLUQKeOd eW aO., 

2004). AddLWLRQaOO\, WKe ACC LV ZLdeO\ cRQQecWed WR bRWK ³cRgQLWLYe´ SUefURQWaO aQd 

³ePRWLRQ SURceVVLQg´ OLPbLc UegLRQV (BXVK eW aO., 2000; TaQg eW aO., 2019). CRQVeTXeQWO\, 

eUURU SURceVVLQg LV QRW OLPLWed WR ACC acWLYLW\ bXW LV UaWKeU a SURdXcW Rf a ZKROe QeWZRUN 

Rf bUaLQ VWUXcWXUeV (IaQQaccRQe eW aO., 2015). FRU LQVWaQce, OeVLRQ VWXdLeV fRXQd WKaW SaWLeQWV 

ZLWK aQ LPSaLUPeQW Rf WKe PedLaO RU OaWeUaO SUefURQWaO cRUWe[ (GeKULQg & KQLgKW, 2000; 

MaLeU eW aO., 2015; SWePPeU eW aO., 2004; SZLcN eW aO., 2002; UOOVSeUgeU & YRQ CUaPRQ, 

2006; UOOVSeUgeU eW aO., 2002), RUbLWRfURQWaO cRUWe[ (TXUNeQ & SZLcN, 2008), RU WKe baVaO 

gaQgOLa (UOOVSeUgeU & YRQ CUaPRQ, 2006) VKRZ aWWeQXaWed ERN aPSOLWXdeV cRPSaUed ZLWK 

cRQWUROV. MRUeRYeU, e[SeULPeQWaO VWXdLeV ZLWK fXQcWLRQaO (L.e., UeYeUVLbOe) OeVLRQV Rf WKe 

PedLaO fURQWaO cRUWe[ afWeU WKe aSSOLcaWLRQ Rf WUaQVcUaQLaO PagQeWLc VWLPXOaWLRQ (TMS) 

UeYeaOed cRUUeVSRQdLQg UeVXOWV (RROOQLN eW aO., 2004; bXW Vee BeOOawcKe eW aO., 2013). 

SLPLOaUO\, WUaQVcUaQLaO dLUecW cXUUeQW VWLPXOaWLRQ (WDCS) Rf WKe PedLaO fURQWaO cRUWe[ caXVeV 

aQ LQ- RU decUeaVe LQ ERN aPSOLWXde deSeQdLQg RQ aQ aQRdaO RU caWKRdaO VWLPXOaWLRQ 

(ReLQKaUW & WRRdPaQ, 2014). AddLWLRQaOO\, LQ OLQe ZLWK WKe aVVXPSWLRQ Rf eUURUV 

UeSUeVeQWLQg WKe ULVN fRU SRWeQWLaO WKUeaW, acWLYLW\ Rf WKe cLQgXOaWe cRUWe[ aQd WKe aP\gdaOa 

acWLYLW\ VeeP WR be cORVeO\ cRXSOed dXULQg WKe SURceVVLQg Rf eUURUV (PRXUWRLV eW aO., 2010), 

VXggeVWLQg WKe PagQLWXde Rf WKe ERN aV aQ LQdLcaWRU Rf aQ LQdLYLdXaO¶V WKUeaW VeQVLWLYLW\ 

(HaMcaN & FRWL, 2008; HeffeU & WLOORXgKb\, 2021; PURXdfLW eW aO., 2013; WeLQbeUg eW aO., 

2016; WeLQbeUg eW aO., 2012). LaVWO\, WKe ACC LV QRW RQO\ LQYROYed LQ WKe SURceVVLQg Rf 

eUURUV, bXW aOVR acWLYaWed dXULQg e[SeULeQceV Rf feaU (MecKLaV eW aO., 2010) aQd SaLQ 

(BXVKQeOO eW aO., 2013; Pe\URQ eW aO., 2000). BaVed RQ WKe afRUePeQWLRQed QeXURbLRORgLcaO 
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fLQdLQgV, WKe ACC, aV WKe PaLQ geQeUaWRU Rf WKe ERN, LV VeeQ aV aQ LQWegUaWLYe KXb ZLWKLQ 

a QeWZRUN Rf bUaLQ VWUXcWXUeV WKaW SURceVV cRgQLWLYe aQd ePRWLRQaO LQfRUPaWLRQ (BXVK eW aO., 

2000; CaYaQagK & SKacNPaQ, 2015; SKacNPaQ eW aO., 2011; SKeQKaY eW aO., 2013), aLPLQg 

aW UegXOaWLQg KXPaQ beKaYLRU LQ a YROaWLOe eQYLURQPeQW (WeLQbeUg, DLeWeULcK, eW aO., 2015).  

1.1.5 DHYHORSPHQW DQG IQWHULQGLYLGXDO DLIIHUHQFHV RI EUURU-RHODWHG NHJDWLYLW\  

FROORZLQg WKe SULQcLSOeV Rf VWUXcWXUaO aQd fXQcWLRQaO bUaLQ PaWXUaWLRQ, eUURU-UeOaWed 

bUaLQ acWLYLW\ XQdeUgReV QRUPaWLYe deYeORSPeQWaO cKaQgeV WKURXgKRXW WKe OLfeVSaQ 

(TaPQeV eW aO., 2013). WKLOe PeWa-aQaO\WLcaO eYLdeQce LQdLcaWeV aQ LQcUeaVe Rf ERN 

PagQLWXde dXULQg cKLOdKRRd aQd adROeVceQce, eYeQWXaOO\ SOaWeaXLQg LQ adXOWKRRd (BReQ eW 

aO., 2022), WKeUe aUe LQcRQVLVWeQW fLQdLQgV UegaUdLQg ZKeWKeU WKe ERN SURgUeVVLYeO\ 

decUeaVeV LQ ROdeU adXOWV (CROLQR eW aO., 2017; FaONeQVWeLQ eW aO., 2001; HRffPaQQ & 

FaONeQVWeLQ, 2011; NLeXZeQKXLV eW aO., 2002; ScKUeLbeU eW aO., 2011) RU UePaLQV VWabOe 

(ESSLQgeU eW aO., 2008; LaUVRQ eW aO., 2016; NLeVVeQ eW aO., 2017). IQ addLWLRQ WR a QRUPaWLYe 

LQWUaLQdLYLdXaO deYeORSPeQW acURVV WKe OLfeVSaQ, YaULRXV VKaSLQg facWRUV dXULQg cKLOdKRRd, 

adROeVceQce, aQd eaUO\ adXOWKRRd cRQWULbXWe WR VWabOe WUaLW-OLNe LQWeULQdLYLdXaO dLffeUeQceV 

Rf WKe ERN, ZKLcK caQ be RUdeUed RQ a cRQWLQXXP fURP feaWXUeV Rf aQ LQdLYLdXaO (PLcUR 

OeYeO) WR WKe VXUURXQdLQg eQYLURQPeQW Rf aQ LQdLYLdXaO (PacUR OeYeO).  

OQ a PLcUR OeYeO, geQeWLcV ePeUge aV VLgQLfLcaQW facWRUV, aV eYLdeQced b\ aQ 

LQfOXeQWLaO VWXd\ cRPSaULQg PRQR]\gRWLc aQd dL]\gRWLc WZLQV LQ a OaUge VaPSOe Rf 584 

SaUWLcLSaQWV, ZKLcK LQdLcaWed KeULWabLOLW\ eVWLPaWeV UaQgLQg fURP 21% WR 67% Rf ERN 

YaULaQce (AQRNKLQ eW aO., 2008). MRUeRYeU, a PedLXP-VL]ed cRUUeOaWLRQ (r = .28) beWZeeQ 

PaWeUQaO aQd RffVSULQg ERN KaV beeQ RbVeUYed LQ 117 bLRORgLcaO PRWKeU-cKLOd d\adV (SXRU 

eW aO., 2022) VXggeVWLQg WKaW a VXbVWaQWLaO SRUWLRQ Rf aQ LQdLYLdXaO'V ERN Pa\ be deWeUPLQed 

b\ geQeWLc SUedLVSRVLWLRQ, aQ RbVeUYaWLRQ MXVW UeceQWO\ UeSOLcaWed (TUa\YLcN eW aO., 2024). 

AddLWLRQaOO\, bLRORgLcaO Ve[ RU geQdeU1 VeeP WR VKaSe LQWeULQdLYLdXaO ERN dLffeUeQceV, ZLWK 

PaOeV e[KLbLWLQg OaUgeU ERN aPSOLWXdeV cRPSaUed ZLWK fePaOeV (FLVcKeU eW aO., 2016; HLOO 

eW aO., 2018; IPbXUgLR eW aO., 2020; LaUVRQ eW aO., 2011). TKe SUecLVe PecKaQLVPV XQdeUO\LQg 

WKeVe Ve[ dLffeUeQceV KaYe QRW \eW beeQ fXOO\ eOXcLdaWed. NRQeWKeOeVV, SUeOLPLQaU\ eYLdeQce 

VXggeVWV WKaW Ve[ KRUPRQeV Pa\ SOa\ a PedLaWLQg UROe (GRUda\ & Me\eU, 2018).  

                                                 
 
1 It is important to note that previous research did not accurately differentiate between an 

individual's biological sex and their gender identity.  
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FXUWKeUPRUe, RQ a PeVR OeYeO, cRgQLWLYe caSacLW\ KaV beeQ LdeQWLfLed aV beLQg OLQNed 

WR eUURU-UeOaWed bUaLQ acWLYLW\ LQ bRWK SedLaWULc aQd adXOW SRSXOaWLRQV (Me\eU & HaMcaN, 

2019). SSecLfLcaOO\, gUeaWeU SeUfRUPaQce LQ dRPaLQV VXcK aV ZRUNLQg PePRU\ (CROePaQ eW 

aO., 2018; MLOOeU eW aO., 2012; WeaYeU eW aO., 2017), aWWeQWLRQ/e[ecXWLYe fXQcWLRQV (LaUVRQ & 

COa\VRQ, 2011), aV ZeOO aV aWWeQWLRQaO fRcXVLQg/VKLfWLQg aQd LQKLbLWRU\ cRQWURO (Me\eU & 

KOeLQ, 2018; bXW Vee BURRNeU eW aO., 2011) KaV beeQ aVVRcLaWed ZLWK aQ LQcUeaVed ERN. 

AQRWKeU LQfOXeQWLaO facWRU VKaSLQg WKe ERN LV WePSeUaPeQW. FRU LQVWaQce, bRWK cURVV-

VecWLRQaO aQd SURVSecWLYe VWXdLeV KaYe dePRQVWUaWed aVVRcLaWLRQV beWZeeQ VK\QeVV (Me\eU 

& KOeLQ, 2018; bXW Vee BURRNeU eW aO., 2011), beKaYLRUaO LQKLbLWLRQ (BX]]eOO eW aO., 2017; 

LaKaW eW aO., 2014; McDeUPRWW eW aO., 2009), aQd feaUfXOQeVV (BURRNeU & BXVV, 2014a, 

2014b; Me\eU, HaMcaN, eW aO., 2018) ZLWK LQcUeaVed ERN aPSOLWXdeV, UeVSecWLYeO\. IQ 

cRQWUaVW, LPSXOVLYLW\ (Ta\ORU eW aO., 2018), ULVN-WaNLQg beKaYLRU, aQd VeQVaWLRQ-VeeNLQg 

WeQdeQcLeV (SaQWeVVR & SegaORZLW], 2009) KaYe beeQ aVVRcLaWed ZLWK VPaOOeU ERN 

aPSOLWXdeV. 

LaVWO\, RQ a PacUR OeYeO, WKe SV\cKRVRcLaO eQYLURQPeQW KaV a VLgQLfLcaQW LPSacW RQ 

WKe deYeORSPeQW Rf WKe ERN LQ cKLOdUeQ aQd adROeVceQWV. OQ WKe RQe KaQd, cKLOdUeQ faced 

ZLWK eaUO\ deSULYaWLRQ, QegOecW, aQd LQVWLWXWLRQaOL]aWLRQ aUe VeePLQgO\ cKaUacWeUL]ed b\ a 

bOXQWed ERN (DebQaWK eW aO., 2023; LRPaQ eW aO., 2013; TUROOeU-ReQfUee eW aO., 2016; bXW 

Vee McDeUPRWW eW aO., 2013). OQ WKe RWKeU KaQd, aQ aXWKRULWaULaQ aQd SXQLWLYe SaUeQWLQg 

VW\Oe cKaUacWeUL]ed b\ KLgK cRQWURO aQd VaQcWLRQLQg (CKRQg eW aO., 2020; Me\eU eW aO., 2019; 

Me\eU, PURXdfLW, eW aO., 2015; Me\eU & WLVVePaQQ, 2020; SXRU eW aO., 2022), aV ZeOO aV 

adYeUVe OLfe eYeQWV dXULQg cKLOdKRRd aQd adROeVceQce, VXcK aV LQWeUSeUVRQaO cRQfOLcWV, WKe 

ORVV Rf a SaUeQW, SK\VLcaO YLROeQce, RU Ve[XaO abXVe (CRPSWRQ eW aO., 2024; MeKUa eW aO., 

2022), OLNeO\ cRQWULbXWe WR KLgKeU OeYeOV Rf ERN aPSOLWXdeV. 

BaVed RQ WKeVe fLQdLQgV, LQWeULQdLYLdXaO dLffeUeQceV Rf WKe ERN aUe WKRXgKW WR be 

LQdLcaWLYe Rf WKe LQdLYLdXaO¶V WUaLW-OLNe UeVSRQVLYeQeVV WR WKe dePaQdV Rf WKeLU eQYLURQPeQW 

aORQg WKe OLQeV Rf WKUeaW VeQVLWLYLW\ aQd LPSXOVLYLW\ (HeffeU & WLOORXgKb\, 2021). A OaUgeU 

WUaLW-OLNe ERN LV VeePLQgO\ aVVRcLaWed ZLWK aQ LQdLYLdXaO¶V KeLgKWeQed VeQVLWLYLW\ WR 

SRWeQWLaO WKUeaWV (HaMcaN & FRWL, 2008; HeffeU & WLOORXgKb\, 2021; PURXdfLW eW aO., 2013; 

WeLQbeUg eW aO., 2016; WeLQbeUg eW aO., 2012), ZKLOe a cRQVLVWeQWO\ dLPLQLVKed ERN LV UaWKeU 

OLQNed WR a WeQdeQc\ WRZaUdV LPSXOVLYLW\ (HeffeU & WLOORXgKb\, 2021; HLOO eW aO., 2016; 
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OYeUPe\eU eW aO., 2021; RXcKVRZ eW aO., 2005; Ta\ORU eW aO., 2018) aQd a gUeaWeU WROeUaQce 

WRZaUdV ULVN-WaNLQg beKaYLRUV (SaQWeVVR & SegaORZLW], 2009; ZKeQg eW aO., 2014). 

1.1.6 IQWHULP SXPPDU\ RI NHXUDO IQGLFHV RI EUURU MRQLWRULQJ 

CRPPLWWLQg aQ eUURU LV a XQLYeUVaO aVSecW Rf WKe KXPaQ e[SeULeQce, RfWeQ 

accRPSaQLed b\ dLVcRPfRUW. AOWKRXgK eUURUV caQ be SRWeQWLaOO\ daQgeURXV aQd KaUPfXO, 

WKe\ aUe LPSRUWaQW VRXUceV fRU KXPaQ OeaUQLQg aQd fXWXUe SeUfRUPaQce eQKaQcePeQW. 

IQVWaQceV Rf eUURUV aUe UegLVWeUed b\ WKe bUaLQ, aV VLgQaOed b\ WKe eUURU-UeOaWed QegaWLYLW\ 

(ERN) ± a UeVSRQVe-ORcNed eYeQW-UeOaWed SRWeQWLaO (ERP) OLNeO\ RULgLQaWLQg fURP WKe 

aQWeULRU cLQgXOaWe cRUWe[ (ACC). TKe ERN aSSeaUV WR e[KLbLW WUaLW-OLNe cKaUacWeULVWLcV, ZLWK 

VWabOe LQWeULQdLYLdXaO dLffeUeQceV beOLeYed WR be fRUPed dXULQg cKLOdKRRd, adROeVceQce, aQd 

eaUO\ adXOWKRRd b\ a PXOWLYeUVe Rf eaUO\ VKaSLQg facWRUV eQcRPSaVVLQg geQeWLcV, bLRORgLcaO 

Ve[ RU geQdeU, cRgQLWLRQ, WePSeUaPeQW, aQd WKe SV\cKRVRcLaO eQYLURQPeQW. AQ eOeYaWed 

WUaLW-OLNe ERN KaV beeQ SURSRVed WR VLgQLf\ aQ LQdLYLdXaO¶V KeLgKWeQed VeQVLWLYLW\ WR 

SRWeQWLaO WKUeaWV, ZKeUeaV a cRQVLVWeQWO\ dLPLQLVKed ERN LV VeePLQgO\ aVVRcLaWed ZLWK aQ 

LQdLYLdXaO¶V WeQdeQc\ WRZaUdV LPSXOVLYLW\ aQd ULVN-WaNLQg beKaYLRUV. 

1.2 LLQNLQJ AOWHUHG EUURU MRQLWRULQJ WR PV\FKRSDWKRORJ\ 

1.2.1 TKH AQ[LHW\- DQG OEVHVVLYH-CRPSXOVLYH SSHFWUXP 

APRQg PXOWLSOe VKaUed feaWXUeV, aQ[LeW\ dLVRUdeUV aQd RbVeVVLYe-cRPSXOVLYe 

dLVRUdeU (OCD) aUe QRWabO\ cKaUacWeUL]ed b\ aQ RYeUeVWLPaWLRQ Rf daQgeU aQd WKUeaW, 

accRPSaQLed b\ a VWURQg ePRWLRQaO UeacWLYLW\ aQd aYRLdaQce PRWLYaWLRQ, SeUVLVWLQg be\RQd 

deYeORSPeQWaOO\ aSSURSULaWe SeULRdV (APeULcaQ PV\cKLaWULc AVVRcLaWLRQ, 2013). AV a UeVXOW, 

WKe fRXUWK YeUVLRQ Rf WKe DLagQRVWLc aQd SWaWLVWLcaO MaQXaO Rf MeQWaO DLVRUdeUV (DSM-IV; 

APeULcaQ PV\cKLaWULc AVVRcLaWLRQ, 2000) OLVWed aQ[LeW\ dLVRUdeUV aQd OCD ZLWKLQ a 

VLQgXOaU cKaSWeU, UefOecWLQg WKeLU UeOaWedQeVV. HRZeYeU, LQ WKe cXUUeQW fLfWK YeUVLRQ (DSM-

5; APeULcaQ PV\cKLaWULc AVVRcLaWLRQ, 2013), OCD KaV beeQ UeORcaWed WR LWV RZQ dedLcaWed 

cKaSWeU aORQgVLde RbVeVVLYe-cRPSXOVLYe UeOaWed dLVRUdeUV, ZKLOe WKe UeOaWedQeVV Rf aQ[LeW\ 

dLVRUdeUV aQd OCD LV VWLOO e[SOLcLWO\ ePSKaVL]ed, aV e[ePSOLfLed b\ WKe RUdeU Rf OCD 

dLUecWO\ fROORZLQg WKe aQ[LeW\ dLVRUdeUV cKaSWeU. TKLV WUaQVLWLRQ KaV beeQ WKe VXbMecW Rf 

LQWeQVe debaWeV UegaUdLQg WKe QRVRORgLcaO MXVWLfLcaWLRQ. SRPe aXWKRUV aUgXed LQ faYRU (BaUW] 

& HROOaQdeU, 2006; PKLOOLSV eW aO., 2010) ZKLOe RWKeUV cRQWeQded agaLQVW WKe VeSaUaWLRQ Rf 

WKeVe dLVRUdeUV LQWR dLVWLQcW cKaSWeUV (BLeQYeQX eW aO., 2012; SWeLQ eW aO., 2010; SWRUcK eW aO., 

2008). CRQcXUUeQWO\, VRPe aXWKRUV cRQcOXded WKaW fXUWKeU UeVeaUcK LV LPSeUaWLYe fRU a fLQaO 
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decLVLRQ (HROOaQdeU eW aO., 2008; SWeLQ, 2008a, 2008b), RU SURSRVed WR LPSOePeQW a bURadeU 

caWegRU\ Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP dLVRUdeUV (BLeQYeQX eW aO., 2012; 

PKLOOLSV eW aO., 2010; SWeLQ eW aO., 2010).  

WKLOe LQdLYLdXaOV ZLWK aQ[LeW\ dLVRUdeUV RU OCD Pa\ eQcRXQWeU a dLYeUVe aUUa\ Rf 

SRWeQWLaOO\ WULggeULQg RbMecWV aQd VLWXaWLRQV, WKeUe e[LVWV a VLgQLfLcaQW RYeUOaS LQ 

SKeQRPeQRORg\ aQd RccXUUeQce. TUaQVdLagQRVWLc V\PSWRP RYeUOaS Rf WKeVe dLVRUdeUV, aV 

deVcULbed b\ WKe DSM-5, LQcOXde LQWUXVLYe WKRXgKWV UeYROYLQg aURXQd daQgeU aQd WKUeaW, 

VeQVaWLRQV Rf feaU aQd aQ[LeW\ cRXSOed ZLWK SK\VLRORgLcaO aURXVaO, KeLgKWeQed PXVcOe 

WeQVLRQ, aQd K\SeUYLgLOaQce, aV ZeOO aV beKaYLRUaO UeVSRQVe SaWWeUQV cKaUacWeUL]ed b\ 

aYRLdaQce, UeaVVXULQg, aQd UeSeWLWLRQ. FXUWKeUPRUe, KLgK cRPRUbLdLW\ UaWeV aPRQg aQ[LeW\ 

dLVRUdeUV aQd OCD PLgKW be a UeVXOW Rf WKe eWLRORgLcaO LQWeUUeOaWedQeVV Rf WKeVe dLVRUdeUV 

aQd WKeLU cRUUeVSRQdLQg V\PSWRPV (KaXfPaQ & CKaUQe\, 2000; KeVVOeU eW aO., 2005; RXVcLR 

eW aO., 2010; SKaUPa eW aO., 2021), cKaOOeQgLQg WKe aVVXPSWLRQ Rf a caWegRULcaO cOaVVLfLcaWLRQ 

V\VWeP, ZKeUeLQ SV\cKRSaWKRORg\ LV cRQceSWXaOL]ed XVLQg VWULcWO\ defLQed aQd dLVWLQcW 

dLVRUdeU bRXQdaULeV, aOWKRXgK WKeUe LV VXbVWaQWLaO V\PSWRP RYeUOaS ZLWKLQ aQd beWZeeQ 

cKaSWeUV Rf WKe DSM-5 (FRUbeV eW aO., 2024). AddLWLRQaOO\, dLVRUdeUV Rf WKe aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe VSecWUXP VKaUe PXOWLSOe aOWeUaWLRQV ZLWK UegaUd WR geQeWLcV, bUaLQ 

VWUXcWXUe, fXQcWLRQaO cRQQecWLYLW\, aV ZeOO aV QeXURWUaQVPLWWeUV (Vee MaURQ eW aO., 2018, fRU 

a UeYLeZ), fXUWKeU TXeVWLRQLQg WKe MXVWLfLcaWLRQ fRU WKe YaOLdLW\ Rf dLVWLQcW dLVRUdeU caWegRULeV 

fURP a QeXURbLRORgLcaO SeUVSecWLYe. 

AddUeVVLQg WKe SKeQRPeQRQ Rf KeWeURgeQeLW\ ZLWKLQ aQd cRPRUbLdLW\ aPRQg 

dLVWLQcW dLVRUdeUV caWegRULeV, WKe HLeUaUcKLcaO Ta[RQRP\ Rf PV\cKRSaWKRORg\ (HLTOP; 

KRWRY eW aO., 2017) VXggeVWV a dLPeQVLRQaO fUaPeZRUN. LeYeUagLQg a TXaQWLWaWLYe QRVRORg\ 

WKaW cOXVWeUV cOLQLcaO YaULabOeV XVLQg facWRU aQaO\WLcaO PeWKRdV, WKLV aOWeUQaWLYe cOaVVLfLcaWLRQ 

cRQceSWXaOL]eV SV\cKRSaWKRORg\ aV WUaQVdLagQRVWLc V\QdURPeV, gURXSLQg WRgeWKeU UeOaWed 

WUaLWV, cRPSRQeQWV, aQd V\PSWRPV. HLTOP SURSRVeV RYeUaUcKLQg VSecWUa (L.e., LQWeUQaOL]LQg, 

WKRXgKW dLVRUdeU, deWacKPeQW, e[WeUQaOL]LQg), eacK cRPSULVLQg fLQeO\ deOLQeaWed VXbfacWRUV, 

V\QdURPeV, V\PSWRPV, WUaLWV, aQd aVVRcLaWed dLVRUdeUV. CRQVLdeULQg WKe KLVWRULcaO 

VeTXeQcLQg Rf aQ[LeW\ dLVRUdeUV aQd OCD LQ SaVW aQd SUeVeQW caWegRULcaO cOaVVLfLcaWLRQ 

V\VWePV, VXcK aV WKe DSM, aORQgVLde WKe RbVeUYed RYeUOaS LQ V\PSWRPV aQd WUaLWV acURVV 

dLVRUdeU bRXQdaULeV, aV deOLQeaWed LQ dLPeQVLRQaO aSSURacKeV OLNe HLTOP, WKLV dLVVeUWaWLRQ 

ZLOO adRSW a WUaQVdLagQRVWLc SeUVSecWLYe Rf UeOaWed dLVRUdeUV RQ a cRQWLQXXP WeUPed aQ[LeW\ 
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aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. B\ adRSWLQg a WUaQVdLagQRVWLc aQd dLPeQVLRQaO 

SeUVSecWLYe, LW LV SRVVLbOe WR addUeVV WKe VKRUWcRPLQgV Rf cRQYeQWLRQaO caWegRULcaO 

aSSURacKeV, ZKLcK KaYe dLffLcXOWLeV ZLWK accRXQWLQg fRU VKaUed QeXURbLRORgLcaO VWUXcWXUeV 

aQd SURceVVeV, KLgK UaWeV Rf cRPRUbLdLW\, aUbLWUaU\ dLagQRVWLc WKUeVKROdV, RYeUOaSSLQg 

cULWeULa, aQd WKe LQabLOLW\ WR caSWXUe WKe KeWeURgeQeLW\ ZLWKLQ LQdLYLdXaO dLagQRVeV (EaWRQ eW 

aO., 2023). 

1.2.2 CURVV-SHFWLRQDO AVVRFLDWLRQV RI EUURU-RHODWHG BUDLQ AFWLYLW\ 

AV aQ LQde[ aORQg WKe OLQeV Rf WKUeaW VeQVLWLYLW\ aQd LPSXOVLYLW\, WKe ERN KaV 

dePRQVWUaWed cRQVLdeUabOe cOLQLcaO XWLOLW\ LQ XQYeLOLQg WKe eWLRSaWKRgeQeVLV Rf 

SV\cKRSaWKRORg\ (HaMcaN eW aO., 2019). CRQVeTXeQWO\, WKe ERN KaV beeQ LQcRUSRUaWed LQWR 

WKe ReVeaUcK DRPaLQ CULWeULa IQLWLaWLYe (RDRC), ZKLcK SURYLdeV a fUaPeZRUN fRcXVLQg RQ 

WKe QeXURbLRORgLcaO PecKaQLVPV Rf PeQWaO KeaOWK aQd dLVRUdeUV (CXWKbeUW, 2014; IQVeO eW 

aO., 2010; KR]aN & CXWKbeUW, 2016). GLYeQ LWV fXQcWLRQ aV a ceQWUaO KXb LQWeUWZLQLQg 

cRgQLWLRQ aQd ePRWLRQ, WKe ERN LV cXUUeQWO\ caWegRUL]ed aV a SK\VLRORgLcaO PeaVXUe ZLWKLQ 

WZR dRPaLQV LQ WKe RDRC PaWUL[: cRgQLWLYe V\VWePV (cRgQLWLYe cRQWURO: SeUfRUPaQce 

PRQLWRULQg) aQd QegaWLYe YaOeQce V\VWePV (VXVWaLQed WKUeaW). PRVLWLRQed aW WKe PLdSRLQW Rf 

WKe VSecWUXP Rf XQLWV Rf aQaO\VLV, VSaQQLQg fURP ceOOXOaU PecKaQLVPV WR beKaYLRUaO 

SaUadLgPV, WKe ERN ePbRdLeV a QeXURbLRORgLcaO PaUNeU ZLWK VLgQLfLcaQW SURPLVe fRU 

eOXcLdaWLQg WKe SaWKZa\V XQdeUO\LQg SV\cKRSaWKRORgLcaO cRQdLWLRQV. 

PUeYLRXV PeWa-aQaO\VeV KaYe LQdLcaWed WKaW aOWeUaWLRQV LQ eUURU PRQLWRULQg 

cRUUeVSRQd WR WKe cRQWLQXXP fURP LQWeUQaOL]LQg WR e[WeUQaOL]LQg PeQWaO dLVRUdeUV (LXW] eW 

aO., 2021; PaVLRQ & BaUbRVa, 2019), ZKeUeb\ LQWeUQaOL]LQg dLVRUdeUV aUe cKaUacWeUL]ed b\ 

LQZaUdO\ dLUecWed V\PSWRPV ZKLOe e[WeUQaOL]LQg dLVRUdeUV b\ RXWZaUdO\ dLUecWed beKaYLRUV 

(AcKeQbacK eW aO., 2016; ScKRePaNeU eW aO., 2013; YaQg eW aO., 2022). IQWeUQaOL]LQg dLVRUdeUV, 

VXcK aV aQ[LeW\ dLVRUdeUV (MLcKaeO eW aO., 2021; MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 

2020) aV ZeOO aV OCD (BeOOaWR eW aO., 2021; MaWKeZV eW aO., 2012; RLeVeO, 2019) KaYe beeQ 

cRQVLVWeQWO\ UeSRUWed WR be OLQNed WR eQKaQced ERN aPSOLWXdeV. TKLV KaV aOVR beeQ 

SURSRVed fRU deSUeVVLRQ (MRUaQ eW aO., 2017), aOWKRXgK WKLV UeOaWLRQVKLS LV cKaUacWeUL]ed b\ 

cRQVLdeUabOe beWZeeQ-VWXd\ KeWeURgeQeLW\ aQd LV OLNeO\ cRQfRXQded b\ SXbOLcaWLRQ bLaV. 

AddLWLRQaOO\, a PRUe UeceQW PeWa-aQaO\VLV KaV faLOed WR UeSOLcaWe a OLQN beWZeeQ deSUeVVLRQ 

aQd aOWeUed eUURU PRQLWRULQg (PaVLRQ & BaUbRVa, 2019). CRQYeUVeO\, dLPLQLVKed ERN 

aPSOLWXdeV KaYe beeQ RbVeUYed LQ e[WeUQaOL]LQg dLVRUdeUV, VXcK aV VXbVWaQce XVe dLVRUdeU 
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(SUD; FaLUbaLUQ eW aO., 2021; WebbeU eW aO., 2024), aWWeQWLRQ defLcLW K\SeUacWLYLW\ dLVRUdeU 

(ADHD; BeOOaWR eW aO., 2021; GebXUeN eW aO., 2013; bXW Vee KaLVeU eW aO., 2020), SV\cKRSaWK\ 

(VaOOeW eW aO., 2021), aQd SV\cKRVLV (MaUWLQ eW aO., 2018). AV WKe SULPaU\ fRcXV OLeV RQ WKe 

aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP aQd WR PaLQWaLQ cOaULW\ aQd ULgRU Rf WKLV 

dLVVeUWaWLRQ, UeadeUV LQWeUeVWed LQ WKe OLWeUaWXUe cRQceUQLQg WKe e[WeUQaOL]LQg VSecWUXP aUe 

UecRPPeQded WR cRQVXOW UeceQW UeYLeZV LQ WKLV fLeOd (LXW] eW aO., 2021; PaVLRQ & BaUbRVa, 

2019).  

WKLOe WKeUe LV cRQYLQcLQg PeWa-aQaO\WLcaO eYLdeQce fRU LQcUeaVed eUURU PRQLWRULQg 

acURVV WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, QRW aOO cRUUeVSRQdLQg dLVRUdeU 

caWegRULeV VKRZ WKLV cKaUacWeULVWLc. GeQeUaOL]ed aQ[LeW\ dLVRUdeU (GAD; Me\eU, WeLQbeUg, 

eW aO., 2012; WeLQbeUg eW aO., 2010), VRcLaO aQ[LeW\ dLVRUdeU (SAD; EQdUaVV eW aO., 2014; 

KXMaZa eW aO., 2016), KeaOWK aQ[LeW\ (RLeVeO eW aO., 2017), aQd OCD (BeOOaWR eW aO., 2021; 

MaWKeZV eW aO., 2012; RLeVeO, 2019) KaYe beeQ aVVRcLaWed ZLWK eQKaQced ERN aPSOLWXdeV. 

HRZeYeU, VSecLfLc SKRbLa (HaMcaN eW aO., 2003; MRVeU eW aO., 2005) aQd SRVW-WUaXPaWLc VWUeVV 

dLVRUdeU (PTSD; GRUNa eW aO., 2016; RabLQaN eW aO., 2013) KaYe QRW beeQ OLQNed WR aOWeUed 

eUURU PRQLWRULQg LQ SUeYLRXV UeVeaUcK. RegaUdLQg SaQLc dLVRUdeU, OLPLWed OLWeUaWXUe e[LVWV, 

ZLWK RQO\ RQe VWXd\, LQdLcaWLQg aQ eQKaQced ERN LQ LQdLYLdXaOV SULPaULO\ dLagQRVed ZLWK 

SaQLc dLVRUdeU (VaOW eW aO., 2018), aObeLW WKe UeOaWLYeO\ VPaOO VaPSOe VL]e ZaUUaQWV UeSOLcaWLRQ 

LQ fXWXUe VWXdLeV WR cRQfLUP WKLV UeOaWLRQVKLS. AddLWLRQaOO\, WR WKe beVW Rf P\ NQRZOedge, 

WKeUe LV a OacN Rf aYaLOabOe UeVeaUcK LQYeVWLgaWLQg SRWeQWLaO aOWeUaWLRQV Rf eUURU PRQLWRULQg 

LQ agRUaSKRbLa. TKeVe KeWeURgeQeRXV fLQdLQgV XQdeUVcRUe WKe QeceVVLW\ fRU fXUWKeU 

LQYeVWLgaWLRQ LQWR WKe VSecLfLc aVVRcLaWLRQV beWZeeQ KeLgKWeQed QeXUaO eUURU PRQLWRULQg aQd 

SV\cKRSaWKRORgLcaO YaULabOeV aVVRcLaWed ZLWK WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe 

VSecWUXP. IW LV aOVR QRWeZRUWK\ WKaW V\PSWRP VeYeULW\ aQd cOLQLcaO VWaWXV VeeP WR SOa\ aQ 

LPSRUWaQW UROe fRU WKe OLQN beWZeeQ LQcUeaVed eUURU PRQLWRULQg aQd aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe V\PSWRPaWRORg\ (SaXQdeUV & IQ]OLcKW, 2020). IQ facW, LQYeVWLgaWLRQV fRcXVLQg 

RQ VXbcOLQLcaO V\PSWRP OeYeOV KaYe \LeOded OeVV cRQVLVWeQW fLQdLQgV UegaUdLQg eQKaQced 

ERN aPSOLWXdeV (CKeQ & IWLeU, 2024; COa\VRQ eW aO., 2023; HlUSfeU eW aO., 2020; SeRZ eW 

aO., 2020).  

1.2.3 LDWHQW 8QGHUO\LQJ TUDQVGLDJQRVWLF DLPHQVLRQV 

TKe KeWeURgeQeLW\ Rf fLQdLQgV UegaUdLQg aOWeUed eUURU PRQLWRULQg acURVV YaULRXV 

dLVRUdeU caWegRULeV ZLWKLQ WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP KaYe beeQ 
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K\SRWKeVL]ed WR UeVXOW fURP dLffeUeQW OaWeQW V\PSWRP dLPeQVLRQ SURfLOeV XQdeUO\LQg WKeVe 

dLVRUdeUV (CR[ eW aO., 2010; KUXegeU, 1999). PUeYLRXV VWXdLeV KaYe VXggeVWed VeYeUaO 

SRWeQWLaO caQdLdaWeV fRU WKeVe dLPeQVLRQV, LQcOXdLQg LQWROeUaQce Rf XQceUWaLQW\ (JacNVRQ eW 

aO., 2016; JacNVRQ eW aO., 2015), aQ[LRXV PLVeU\ (RLeVeO eW aO., 2023), KaUP aYRLdaQce (Me\eU 

eW aO., 2021; RLeVeO, KOaZRKQ, eW aO., 2019), aQd cKecNLQg beKaYLRU (WeLQbeUg, KRWRY, eW aO., 

2015; WeLQbeUg eW aO., 2016), aPRQg RWKeUV. HRZeYeU, aOLgQLQg ZLWK WKe WUaQVdLagQRVWLc aQd 

dLPeQVLRQaO SeUVSecWLYeV SURYLded b\ WKe RDRC aQd HLTOP fUaPeZRUNV, WZR aQ[LeW\ 

dLPeQVLRQV KaYe gaUQeUed SaUWLcXOaU aWWeQWLRQ LQ QeXURVcLeQWLfLc UeVeaUcK: aQ[LRXV 

aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO (Vee SKaUS eW aO., 2015, fRU a UeYLeZ).  

AQ[LRXV aSSUeKeQVLRQ deVcULbeV a cRgQLWLYe faceW Rf aQ[LeW\, cKaUacWeUL]ed b\ aQ 

LQdLYLdXaO'V WeQdeQc\ WRZaUdV fXWXUe-RULeQWed ZRUULeV, UeSeWLWLYe QegaWLYe WKRXgKWV, aQd 

YeUbaO UXPLQaWLRQ, RfWeQ accRPSaQLed b\ QegaWLYe affecW (AQdUeZV & BRUNRYec, 1988; 

BaUORZ, 1991). IQ cRQWUaVW, aQ[LRXV aURXVaO UeSUeVeQWV a PRUe SK\VLRORgLcaO cRPSRQeQW Rf 

aQ[LeW\, ZKeUeLQ LQdLYLdXaOV UeVSRQd WR eYeQ PLOd VWUeVVRUV ZLWK KeLgKWeQed aURXVaO aQd 

VRPaWLc WeQVLRQ (WaWVRQ eW aO., 1995). SLQce aQ[LRXV aSSUeKeQVLRQ UefOecWV WKe SURSeQVLW\ 

WR e[SeULeQce aQ eQdXULQg SaWWeUQ Rf VWaWe ZRUU\ (SKaUS eW aO., 2015), LW LV RfWeQ XVed 

LQWeUcKaQgeabO\ ZLWK WKe WeUP WUaLW ZRUU\ (CaUVWeQ eW aO., 2023; RXWKeUfRUd eW aO., 2020; 

SaXQdeUV & IQ]OLcKW, 2020). TKeUefRUe, WKLV dLVVeUWaWLRQ ZLOO cRQVLVWeQWO\ XVe µWUaLW ZRUU\¶ 

aV a V\QRQ\P fRU µaQ[LRXV aSSUeKeQVLRQ¶, aOORZLQg fRU a cOeaUeU dLffeUeQWLaWLRQ LQ WKe 

cRQWe[W Rf WUaLW aQd VWaWe ZRUU\. SLPLOaUO\, aQ[LRXV aURXVaO deVcULbeV WKe WUaLW-OLNe WeQdeQc\ 

WR e[SeULeQce aQ eQdXULQg SaWWeUQ Rf VWaWe aURXVaO. TKXV, WKLV dLVVeUWaWLRQ ZLOO dLffeUeQWLaWe 

beWZeeQ WUaLW aQd VWaWe aURXVaO LQ a cRQVLVWeQW PaQQeU. IQ RWKeU ZRUdV, ZKLOe WKe OLWeUaWXUe 

fUeTXeQWO\ ePSOR\V WKe WeUPV aQ[LRXV aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO (SKaUS eW aO., 2015), 

WKLV dLVVeUWaWLRQ ZLOO LQVWead UefeU WR WUaLW aQd VWaWe ZRUU\, aV ZeOO aV WUaLW aQd VWaWe aURXVaO, 

WR eQVXUe cOaULW\ aQd SUecLVLRQ UegaUdLQg WKe UeVSecWLYe cRQVWUXcWV. 

Be\RQd LQYeVWLgaWLRQV Rf WKe ERN, UeVeaUcK adRSWed a VLPLOaU aSSURacK WR e[SORUe 

WKe aVVRcLaWLRQV Rf WKeVe WUaQVdLagQRVWLc dLPeQVLRQV (L.e., WUaLW ZRUU\ aQd WUaLW aURXVaO) ZLWK 

bUaLQ VWUXcWXUeV (e.g., CaVWagQa eW aO., 2018), KePLVSKeULc dLffeUeQceV LQ bUaLQ acWLYLW\ (e.g., 

NLWVcKNe eW aO., 1999), fXQcWLRQaO cRQQecWLYLW\ (e.g., BXUdZRRd eW aO., 2016), cRXSOLQg Rf 

RVcLOOaWLRQV (e.g., KQ\a]eY eW aO., 2006), aQd VWaUWOe UeVSRQVeV (e.g., RXWKeUfRUd eW aO., 2020). 

WLWKLQ WKe ERN OLWeUaWXUe, WKe aVVRcLaWLRQ beWZeeQ KeLgKWeQed QeXUaO eUURU PRQLWRULQg aQd 

WKe dLPeQVLRQ Rf WUaLW ZRUU\ VeePV WR be PRUe SURQRXQced WKaQ WKaW ZLWK WUaLW aURXVaO. TKLV 
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QRWLRQ fLQdV VXSSRUW LQ bRWK SULPaU\ VWXdLeV (HaMcaN eW aO., 2003; LLQ eW aO., 2015; MRUaQ eW 

aO., 2012; MRVeU eW aO., 2005; MRVeU eW aO., 2012; WeLQbeUg eW aO., 2010; bXW Vee HlUSfeU eW 

aO., 2020; MacedR eW aO., 2021) aQd PeWa-aQaO\VeV (MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 

2020). CRQVeTXeQWO\, WUaLW ZRUU\ KaV beeQ XVed aV a SRVW-KRc UaWLRQaOe WR e[SOaLQ WKe 

RbVeUYaWLRQ WKaW RQO\ VRPe dLVRUdeUV Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP aUe 

cKaUacWeUL]ed b\ eOeYaWed ERN aPSOLWXdeV. FRU LQVWaQce, GAD (Me\eU, WeLQbeUg, eW aO., 

2012; WeLQbeUg eW aO., 2010), SAD (EQdUaVV eW aO., 2014; KXMaZa eW aO., 2016), aQd OCD 

(BeOOaWR eW aO., 2021; MaWKeZV eW aO., 2012; RLeVeO, 2019), ZKLcK aUe SUeVXPabO\ PRUe 

VWURQgO\ cKaUacWeUL]ed b\ WUaLW ZRUU\, VeeP WR e[KLbLW VWURQgeU aVVRcLaWLRQV ZLWK ERN 

eQKaQcePeQWV cRPSaUed WR VSecLfLc SKRbLa (HaMcaN eW aO., 2003; MRVeU eW aO., 2005) aQd 

PTSD (GRUNa eW aO., 2016; RabLQaN eW aO., 2013), ZKeUe WUaLW aURXVaO PLgKW be PRUe 

SURPLQeQW. HRZeYeU, WKeVe fLQdLQgV aUe OaUgeO\ baVed RQ VLPSOe caVe-cRQWURO VWXdLeV WKaW 

dLd QRW UecUXLW WUaQVdLagQRVWLc VaPSOeV. OQO\ a feZ VWXdLeV KaYe cRPSaUed PXOWLSOe dLVRUdeU 

caWegRULeV aQd/RU a cRQWURO gURXS (CaUUaVcR, HRQg, eW aO., 2013; EQdUaVV eW aO., 2014; 

KXMaZa eW aO., 2016; RLeVeO eW aO., 2017; WeLQbeUg, KRWRY, eW aO., 2015). TKeUefRUe, 

cRPSaULQg PXOWLSOe gURXSV LV eVVeQWLaO WR WeVW WKe WUaQVdLagQRVWLc LQfOXeQce Rf facWRUV VXcK 

aV WUaLW ZRUU\. 

FXUWKeUPRUe, VRPe UeVeaUcK VXggeVWV WKaW WKe OLQN beWZeeQ WUaLW ZRUU\ aQd eQKaQced 

eUURU PRQLWRULQg LV PRUe dRPLQaQW LQ ZRPeQ (LLQ eW aO., 2015; MRUaQ eW aO., 2012; MRVeU 

eW aO., 2012), ZKLcK ZaV aWWULbXWed WR WKe UegXOaWRU\ LPSacW Rf RYaULaQ KRUPRQeV RQ fURQWaO 

bUaLQ UegLRQV aVVRcLaWed ZLWK cRgQLWLYe cRQWURO (MRVeU eW aO., 2016). HRZeYeU, WKe VSecLfLc 

XQdeUO\LQg PecKaQLVPV Rf WKe PRUe SURQRXQced OLQN LQ ZRPeQ cRPSaUed ZLWK PeQ UePaLQ 

WR be WKRURXgKO\ LQYeVWLgaWed (RXVVPaQ BORcN eW aO., 2024). NeYeUWKeOeVV, a dLPeQVLRQaO 

aQd WUaQVdLagQRVWLc cRQceSWXaOL]aWLRQ Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP 

b\ ePSOR\LQg WUaLW ZRUU\ aV a dULYLQg XQdeUO\LQg dLPeQVLRQV, Pa\ SURYLde a PRUe 

cRPSUeKeQVLYe XQdeUVWaQdLQg Rf KRZ KeLgKWeQed eUURU PRQLWRULQg LV OLQNed WR aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe V\PSWRPV, ZKLOe bURad aQd RVWeQVLbO\ dLVWLQcW dLVRUdeU caWegRULeV 

Pa\ RYeUVKadRZ VSecLfLc aVVRcLaWLRQV. 

1.2.4 TUDQVODWLQJ NHXUDO 9XOQHUDELOLW\ LQWR IQWHUQDOL]LQJ PV\FKRSDWKRORJ\ 

AV SRLQWed RXW b\ WKe cURVV-VecWLRQaO aQd WUaQVdLagQRVWLc aVVRcLaWLRQV, aOWeUed eUURU 

PRQLWRULQg OLNeO\ VLgQLfLeV aQ LQcUeaVed ULVN fRU SV\cKRSaWKRORg\. TKLV LV fXUWKeU 

XQdeUVcRUed b\ eYLdeQce LQdLcaWLQg WKaW QRW RQO\ LQdLYLdXaOV ZLWK cOLQLcaOO\ UeOeYaQW 
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dLVRUdeUV VKRZ aOWeUaWLRQV LQ eUURU PRQLWRULQg, bXW aOVR WKeLU XQaffecWed (fLUVW-degUee) 

UeOaWLYeV. FRU LQVWaQce, LQdLYLdXaOV ZLWK a UeOaWLYe VXffeULQg fURP aQ aQ[LeW\ dLVRUdeU (RLeVeO, 

KOaZRKQ, eW aO., 2019) RU OCD (CaUUaVcR, HaUbLQ, eW aO., 2013; RLeVeO eW aO., 2011; RLeVeO, 

KOaZRKQ, eW aO., 2019) aUe cKaUacWeUL]ed b\ LQcUeaVed ERN aPSOLWXdeV, ZKLOe WKRVe ZLWK a 

UeOaWLYe affecWed b\ SUD (EXVeU eW aO., 2013; RLeVeO, KOaZRKQ, eW aO., 2019), ADHD 

(McLRXgKOLQ eW aO., 2009), RU SV\cKRVLV (SLPPRQLWe eW aO., 2012) VKRZ a decUeaVed ERN; 

deVSLWe QRW beLQg dLagQRVed ZLWK WKe UeVSecWLYe dLVRUdeU WKePVeOYeV. TKeVe fLQdLQgV 

VXggeVW WKaW LQdLYLdXaOV ZLWK LQWeUQaOL]LQg RU e[WeUQaOL]LQg dLVRUdeUV, aORQg ZLWK WKeLU 

XQaffecWed UeOaWLYeV, VKaUe a VXVceSWLbLOLW\ WR SV\cKRSaWKRORg\ aV LQdLcaWed b\ aOWeUed eUURU-

UeOaWed bUaLQ acWLYLW\. HRZeYeU, LW UePaLQV WR be VKRZQ b\ WZLQ aQd adRSWLRQ VWXdLeV 

ZKeWKeU WKLV VXVceSWLbLOLW\ LV dXe WR geQeWLc SUedLVSRVLWLRQ RU aWWULbXWabOe WR VKaUed 

eQYLURQPeQWaO facWRUV. AddLWLRQaOO\, LW UePaLQV aQ RSeQ TXeVWLRQ ZKeWKeU WKe aOWeUaWLRQ LQ 

WKe eUURU PRQLWRULQg V\VWeP LV eYeQ PRUe SURQRXQced LQ LQdLYLdXaOV ZKR VXffeU fURP a 

cOLQLcaO cRQdLWLRQ aQd KaYe a faPLOLaO SUedLVSRVLWLRQ, RU Lf eLWKeU facWRU aORQe LV VXffLcLeQW WR 

aOWeU WKe eUURU PRQLWRULQg V\VWeP Rf WKLV SeUVRQ. 

ReVXOWV fURP SURVSecWLYe VWXdLeV fXUWKeU KLgKOLgKW WKe SRWeQWLaO Rf aOWeUed eUURU 

PRQLWRULQg aV a ULVN PaUNeU fRU SV\cKRSaWKRORg\. FRU LQVWaQce, KeaOWK\ cKLOdUeQ aQd 

adROeVceQWV e[KLbLWLQg OaUgeU eUURU-UeOaWed bUaLQ acWLYLW\ aUe PRUe OLNeO\ WR deYeORS aQ 

aQ[LeW\ dLVRUdeU ZLWKLQ a SeULRd Rf WKUee \eaUV (Me\eU, HaMcaN, eW aO., 2015; Me\eU, NeOVRQ, 

eW aO., 2018), aOWKRXgK WKLV SUedLcWLRQ dReV QRW QeceVVaULO\ dLffeUeQWLaWe aPRQg VSecLfLc 

W\SeV Rf aQ[LeW\ dLVRUdeUV (Me\eU, HaMcaN, eW aO., 2015). HRZeYeU, WKe ERN caQ VeUYe aV a 

PRUe fLQe-gUaded SURgQRVWLc WRRO ZKeQ eYaOXaWLQg aQ[LRXV cKLOdUeQ aQd adROeVceQWV ZKR 

KaYe cURVVed WKe cOLQLcaO WKUeVKROd. TKeVe VWXdLeV VKRZ WKaW aQ LQcUeaVed ERN ZaV 

SURVSecWLYeO\ OLQNed WR geQeUaOL]ed aQd VRcLaO aQ[LeW\ V\PSWRPV (LaKaW eW aO., 2014; Me\eU 

eW aO., 2021), bXW fRXQd QR aVVRcLaWLRQ ZLWK RWKeU dLPeQVLRQV LQcOXdLQg SaQLc RU SK\VLcaO 

V\PSWRPV (Me\eU eW aO., 2021). CRQVeTXeQWO\, WKe ERN PLgKW be OeVV VSecLfLc LQ LdeQWLf\LQg 

WKe SaUWLcXOaU W\Se Rf dLVRUdeU befRUe LWV fLUVW PaQLfeVWaWLRQ. HRZeYeU, afWeU dLVRUdeU RQVeW, 

WKe SUedLcWLYe XWLOLW\ becRPeV PRUe QXaQced, RffeULQg LQVLgKWV LQWR WKe dLYeUVe V\PSWRP 

dLPeQVLRQV cKaUacWeUL]LQg WKe dLVRUdeU. 

OQO\ UeceQWO\, VWXdLeV KaYe deOYed LQWR WKe PecKaQLVPV WUaQVOaWLQg QeXUaO 

YXOQeUabLOLW\ PaUNeUV LQWR cOLQLcaO aQ[LeW\ aQd LWV YaULRXV faceWV, VKeddLQg OLgKW RQ UeOeYaQW 

facWRUV aORQg WKeVe SaWKZa\V. PaVW UeVeaUcK, (e.g., Me\eU, 2017; WeLQbeUg eW aO., 2022) 
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fUeTXeQWO\ ePSOR\ed WKe dLaWKeVLV-VWUeVV PRdeO, ZKLcK deSLcWV SV\cKRSaWKRORg\ (e.g., 

aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV) aV aULVLQg fURP WKe LQWeUSOa\ beWZeeQ 

dLVSRVLWLRQaO YXOQeUabLOLW\ (e.g., KeLgKWeQed ERN) aQd VWUeVVRUV (e.g., adYeUVe OLfe eYeQWV). 

TKe dLaWKeVLV-VWUeVV PRdeO PLgKW e[SOaLQ WKe PXOWLfLQaO RbVeUYaWLRQ, WKaW RQ WKe RQe KaQd, 

eQKaQced eUURU PRQLWRULQg cOeaUO\ VLgQaOV ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\ (e.g., 

RLeVeO, KOaZRKQ, eW aO., 2019; SaXQdeUV & IQ]OLcKW, 2020), bXW RQ WKe RWKeU KaQd, QRW aOO 

LQdLYLdXaOV ZLWK aQ LQcUeaVed ERN LQeYLWabO\ deYeORS a cRUUeVSRQdLQg dLVRUdeU (CaUUaVcR, 

HaUbLQ, eW aO., 2013; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 2019). TR daWe, LQVWaQceV 

Rf adYeUVe OLfe eYeQWV, VXcK aV LQWeUSeUVRQaO VWUeVV aPRQg fLUVW \eaU XQLYeUVLW\ VWXdeQWV 

(BaQLca eW aO., 2020) RU a QaWXUaO dLVaVWeU OLNe KXUULcaQe ³SaQd\´ (Me\eU eW aO., 2017) KaYe 

beeQ LdeQWLfLed aV PRdeUaWRUV Rf WKe UeOaWLRQVKLS beWZeeQ KeLgKWeQed eUURU PRQLWRULQg aQd 

LQWeUQaOL]LQg V\PSWRPV. A PedLaWLQg fXQcWLRQ RQ RffVSULQg LQWeUQaOL]LQg SV\cKRSaWKRORg\ 

KaV beeQ dePRQVWUaWed fRU QegaWLYe SaUeQWLQg VW\Oe aV a UeVXOW Rf a OaUgeU PaWeUQaO ERN 

(SXRU eW aO., 2022). MRUeRYeU, beVLdeV VWUeVVfXO OLfe eYeQWV (L.e., eQYLURQPeQWaO facWRUV), 

RWKeU feaWXUeV Rf a SeUVRQ (L.e., LQdLYLdXaO facWRUV), VXcK aV a LUULWabLOLW\ (FLOLSSL eW aO., 2020; 

KeVVeO eW aO., 2016), beKaYLRUaO LQKLbLWLRQ (FLOLSSL eW aO., 2020; LaKaW eW aO., 2014; 

McDeUPRWW eW aO., 2009), VOeeS TXaOLW\ (MeKUa eW aO., 2024), aQd bLRORgLcaO Ve[ (MRVeU eW 

aO., 2016), VeePLQgO\ LQfOXeQce WKe OLQN beWZeeQ eQKaQced eUURU PRQLWRULQg aQd 

LQWeUQaOL]LQg SV\cKRSaWKRORg\. TaNeQ WRgeWKeU, e[WeQdLQg WKe dLaWKeVLV-VWUeVV PRdeO b\ 

fXUWKeU PRdeUaWLQg aQd PedLaWLQg facWRUV cRXOd SURYLde aQ LQWeUeVWLQg fUaPeZRUN fRU a 

PRUe deWaLOed XQdeUVWaQdLQg Rf WKe WUaMecWRULeV OeadLQg fURP QeXUaO YXOQeUabLOLW\ WR 

LQWeUQaOL]LQg SV\cKRSaWKRORg\.  

1.2.5 IQWHUYHQWLRQV TDUJHWLQJ WKH EUURU-RHODWHG NHJDWLYLW\ 

IQ addLWLRQ WR cURVV-VecWLRQaO VWXdLeV ePSOR\LQg cRUUeOaWLRQaO RU caVe-cRQWURO 

deVLgQV, aV ZeOO aV SURVSecWLYe RbVeUYaWLRQaO VWXdLeV, WKeUe aUe a QXPbeU Rf UaQdRPL]ed-

cRQWUROOed WULaOV aLPed aW WaUgeWLQg WKe ERN WKURXgK YaULRXV LQWeUYeQWLRQV, UaQgLQg fURP 

OeVV WR PRUe WaLORUed aSSURacKeV. WLWKLQ UaWKeU OeVV WaLORUed bXW ORQg-WeUPed LQWeUYeQWLRQV, 

cRgQLWLYe-beKaYLRUaO WKeUaS\ (CBT) KaV QRW beeQ fRXQd WR LQfOXeQce WKe ERN, deVSLWe WKe 

VXcceVVfXO UedXcWLRQ Rf aQ[LeW\ (GRUNa eW aO., 2018; KXMaZa eW aO., 2016; LadRXceXU eW aO., 

2018) aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV (HaMcaN eW aO., 2008; RLeVeO eW aO., 2015). TKLV 

fLQdLQg, cRQVLVWeQW ZLWK UeVXOWV fURP faPLO\ ULVN VWXdLeV (CaUUaVcR, HaUbLQ, eW aO., 2013; 

EXVeU eW aO., 2013; McLRXgKOLQ eW aO., 2009; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 

2019), VXggeVWV WKaW WKe ERN PLgKW be LQdeSeQdeQW Rf V\PSWRPaWLc cKaQgeV. NeYeUWKeOeVV, 
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LW UePaLQV XQceUWaLQ ZKeWKeU WKeVe OeVV WaLORUed LQWeUYeQWLRQV aUe SeU Ve caSabOe Rf 

decUeaVLQg KeLgKWeQed eUURU PRQLWRULQg aQd XOWLPaWeO\ PLWLgaWLQg WKe ULVN Rf LQWeUQaOL]LQg 

V\PSWRPV, aV WKe\ ZeUe RULgLQaOO\ QRW deVLgQed WR WaUgeW WKe ERN. 

RegaUdLQg PRUe WaLORUed bXW VKRUW-WeUPed LQWeUYeQWLRQV, UeVXOWV aSSeaU PRUe 

SURPLVLQg. A UedXced ERN ZaV PeaVXUed afWeU WKe ePSOR\PeQW Rf a RQe-KRXU 

cRPSXWeUL]ed SURgUaP UedXcLQg eUURU VeQVLWLYLW\ LQ XQdeUgUadXaWe VWXdeQWV (Me\eU eW aO., 

2020; bXW Vee Me\eU eW aO., 2023), VLQgOe RU PXOWLSOe VKRUW WUaLQLQg VeVVLRQV WR VKLfW 

aWWeQWLRQaO bLaV fURP QegaWLYe WR QeXWUaO VWLPXOL LQ XQdeUgUadXaWe VWXdeQWV aQd OCD 

SaWLeQWV (KOaZRKQ, HaMcaN, eW aO., 2020; NeOVRQ eW aO., 2015; TaQ eW aO., 2021; bXW Vee CaUOVRQ 

eW aO., 2021), RU aQ eLgKW-PLQXWe ePRWLRQaO e[SUeVVLYe ZULWLQg SaUadLgP aLPed aW UedXcLQg 

VWaWe ZRUU\ LQ KLgK ZRUULeUV (ScKURdeU eW aO., 2018). NRWabO\, WKe OaWWeU LQYeVWLgaWLRQ UaLVeV 

LQWULgXLQg TXeVWLRQV abRXW a fXQdaPeQWaO aVVXPSWLRQ cRQceUQLQg WKe VWabOe WUaLW-OLNe QaWXUe 

Rf WKe ERN, VXggeVWLQg LWV VeQVLWLYLW\ WR V\PSWRP fOXcWXaWLRQV VXcK aV VWaWe ZRUU\. HRZeYeU, 

deVSLWe WKe XWLOL]aWLRQ Rf a UaQdRPL]ed cRQWUROOed deVLgQ, WKe facW WKaW RQO\ SRVW-

PeaVXUePeQWV Rf WKe ERN ZeUe aVVeVVed, LQWURdXceV WKe SRVVLbLOLW\ Rf SUee[LVWLQg 

XQPeaVXUed baVeOLQe dLffeUeQceV, SRWeQWLaOO\ cRQfRXQdLQg WKe aWWULbXWed UedXcLQg effecWV Rf 

WKe ePRWLRQaO e[SUeVVLYe ZULWLQg LQWeUYeQWLRQ. NeYeUWKeOeVV, gLYeQ WKaW WKe PaMRULW\ Rf 

e[LVWLQg OLWeUaWXUe UeSRUWV cURVV-VecWLRQaO aVVRcLaWLRQV beWZeeQ KeLgKWeQed ERN aQd WUaLW 

ZRUU\, WKLV VWXd\ Oa\V WKe fRXQdaWLRQ fRU fXWXUe LQYeVWLgaWLRQV aLPLQg aW caXVaO LQfeUeQceV 

WKURXgK WKe ePSOR\PeQW Rf aQ e[SeULPeQWaO UeVeaUcK SaUadLgP. 

1.2.6 EUURU-RHODWHG BUDLQ AFWLYLW\ DV DQ EQGRSKHQRW\SH  

TKe SUeYLRXVO\ SUeVeQWed e[WeQVLYe OLWeUaWXUe LQ WKe fLeOd Rf eUURU-UeOaWed bUaLQ 

acWLYLW\ aQd LWV OLQNV WR SV\cKRSaWKRORg\ KaV accXPXOaWed LQ WKe SURSRVaO WKaW aQ aOWeUed 

ERN Pa\ VeUYe aV a WUaQVdLagQRVWLc eQdRSKeQRW\Se fRU YaULRXV PeQWaO dLVRUdeUV (MaQRacK 

& AgaP, 2013; OOYeW & HaMcaN, 2008; RLeVeO, KOaZRKQ, eW aO., 2019). AQ eQdRSKeQRW\Se 

deQRWeV a PeaVXUabOe cRPSRQeQW aLPed aW eOXcLdaWLQg WKe cRPSOe[ SURceVVeV VSaQQLQg 

fURP geQeWLc SUedLVSRVLWLRQ WR WKe SKeQRW\SLc PaQLfeVWaWLRQ Rf SV\cKRSaWKRORg\ 

(GRWWeVPaQ & GRXOd, 2003). HRZeYeU, a QeXURbLRORgLcaO PaUNeU PXVW PeeW VSecLfLc cULWeULa 

WR TXaOLf\ aV aQ eQdRSKeQRW\Se (GRWWeVPaQ & GRXOd, 2003). 

A fXQdaPeQWaO UeTXLUePeQW LV WKaW WKe PaUNeU LV OLQNed WR SV\cKRSaWKRORg\ aW aOO. 

AV deVcULbed eaUOLeU, PeWa-aQaO\WLcaO eYLdeQce cOeaUO\ VKRZV a OLQN beWZeeQ aQ LQcUeaVed 

ERN aQd LQWeUQaOL]LQg SV\cKRSaWKRORg\, ZKLOe a decUeaVed ERN LV aVVRcLaWed ZLWK WKe 
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e[WeUQaOL]LQg VSecWUXP (LXW] eW aO., 2021; PaVLRQ & BaUbRVa, 2019). RegaUdLQg WKe 

LQWeUQaOL]LQg dLPeQVLRQ, SaUWLcXOaUO\ dLVRUdeUV cKaUacWeUL]ed b\ WUaLW ZRUU\ ZLWKLQ WKe 

aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, VXcK aV GAD, SAD, aQd OCD, VeeP UeOaWed 

WR aQ eQKaQced ERN (MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 2020). AQRWKeU cULWeULRQ LV 

WKaW SV\cKRSaWKRORgLcaO cRQdLWLRQV aQd WKe PaUNeU Qeed WR cR-VegUegaWe ZLWKLQ faPLOLeV aQd 

dePRQVWUaWe LQcUeaVed SUeYaOeQce aPRQg XQaffecWed faPLO\ PePbeUV cRPSaUed ZLWK WKe 

geQeUaO SRSXOaWLRQ. TKLV KaV beeQ VKRZQ b\ faPLO\ ULVN VWXdLeV RbVeUYLQg VLPLOaU aOWeUaWLRQV 

Rf ERN aPSOLWXdeV beWZeeQ LQdLYLdXaOV ZLWK aQ[LeW\ dLVRUdeUV, OCD, SUD, aQd ADHD 

aQd WKeLU XQaffecWed (fLUVW-degUee) UeOaWLYeV cRPSaUed ZLWK XQUeOaWed KeaOWK\ cRQWURO 

SaUWLcLSaQWV (CaUUaVcR, HaUbLQ, eW aO., 2013; EXVeU eW aO., 2013; McLRXgKOLQ eW aO., 2009; 

RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 2019). TKe WKLUd cULWeULRQ fRU aQ eQdRSKeQRW\Se 

LV aOVR fXOfLOOed, VXcK WKaW WKe ERN LV XQaffecWed b\ V\PSWRPaWLc VWaWXV, aV eYLdeQced b\ 

LQWeUYeQWLRQ VWXdLeV ZKeUeLQ a VXcceVVfXO UedXcWLRQ Rf aQ[LeW\ (GRUNa eW aO., 2018; KXMaZa 

eW aO., 2016; LadRXceXU eW aO., 2018) aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV (HaMcaN eW aO., 

2008; RLeVeO eW aO., 2015) ZaV QRW accRPSaQLed b\ aOWeUaWLRQV LQ ERN aPSOLWXdeV. HRZeYeU, 

ZKeQ V\PSWRPaWLc VWaWe LV cRQVWUXed QRW aV cOLQLcaO VWaWXV bXW aV V\PSWRPaWLc fOXcWXaWLRQV, 

SUeOLPLQaU\ fLQdLQgV LQdLcaWe VKRUW-WeUP aOWeUaWLRQV Rf WKe ERN fROORZLQg aQ e[SeULPeQWaO 

UedXcWLRQ LQ VWaWe ZRUU\ (ScKURdeU eW aO., 2018). FLQaOO\, a PaUNeU QeedV WR be KeULWabOe, aV 

eYLdeQced LQ WUaQVgeQeUaWLRQaO VWXdLeV (AQRNKLQ eW aO., 2008; SXRU eW aO., 2022; TUa\YLcN eW 

aO., 2024). TaNeQ WRgeWKeU, WKeUe LV cRPSeOOLQg eYLdeQce fRU WKe aVVXPSWLRQ WKaW aOWeUed 

eUURU-UeOaWed bUaLQ acWLYLW\ VeUYeV aV eQdRSKeQRW\Se fRU dLVRUdeUV Rf WKe aQ[LeW\- aQd 

RbVeVVLYe-cRPSXOVLYe VSecWUXP, SaUWLcXOaUO\ fRU WKRVe cKaUacWeUL]ed b\ WUaLW ZRUU\.  

1.2.7 IQWHULP SXPPDU\ RI EUURU-RHODWHG BUDLQ AFWLYLW\ LQ COLQLFDO RHVHDUFK  

AQ[LeW\ dLVRUdeUV aQd OCD VKaUe PXOWLSOe cOLQLcaO cKaUacWeULVWLcV, OLNeO\ fRUPLQg a 

bURad aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. MeWa-aQaO\VeV KaYe cRQVLVWeQWO\ 

dePRQVWUaWed cURVV-VecWLRQaO aVVRcLaWLRQV Rf LQcUeaVed eUURU-UeOaWed bUaLQ acWLYLW\ LQ 

aQ[LeW\ dLVRUdeUV aQd OCD. HRZeYeU, QRW aOO dLVRUdeUV ZLWKLQ WKaW VSecWUXP, QRU 

VXbcOLQLcaO OeYeOV Rf V\PSWRPV, VKRZ a cRQVLVWeQW aVVRcLaWLRQ ZLWK LQcUeaVed ERN 

aPSOLWXdeV. TKLV ZaV aWWULbXWed WR XQdeUO\LQg WUaQVdLagQRVWLc dLPeQVLRQV, ZKeUeLQ WUaLW 

ZRUU\, SaUWLcXOaUO\ LQ ZRPeQ, cRUUeOaWeV ZLWK WKe ERN. SeUYLQg aV aQ eQdRSKeQRW\Se, 

KeLgKWeQed eUURU-UeOaWed bUaLQ acWLYLW\ SUedLcWV WKe RQVeW Rf aQ[LeW\ dLVRUdeUV LQ cKLOdUeQ 

aQd adROeVceQce, LQdLcaWLQg ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\. WKLOe RQO\ a VXbVeW Rf 

LQdLYLdXaOV ZLWK aQ LQcUeaVed ERN SURgUeVVeV WR a cOLQLcaO dLVRUdeU, eQYLURQPeQWaO facWRUV 
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(e.g., adYeUVe OLfe eYeQWV) aQd LQdLYLdXaO feaWXUeV (e.g., bLRORgLcaO Ve[ RU geQdeU) aSSeaU WR 

ZRUN aV caWaO\VWV LQ WUaQVOaWLQg OaWeQW ULVN LQWR WKe deYeORSPeQW Rf SV\cKRSaWKRORg\. 

CKaOOeQgLQg WKe WUadLWLRQaO YLeZ RQ WKe ERN aV a VWabOe WUaLW-OLNe cKaUacWeULVWLc, SUeOLPLQaU\ 

eYLdeQce VXggeVWV WKaW fOXcWXaWLRQV LQ VWaWe ZRUU\ Pa\ LQfOXeQce YaULaWLRQV LQ eUURU-UeOaWed 

bUaLQ acWLYLW\. 

OYeUaOO, WKe UeVeaUcK fLeOd Rf aOWeUed eUURU PRQLWRULQg LQ dLVRUdeUV Rf WKe aQ[LeW\ 

aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP LV SULPaULO\ cKaUacWeUL]ed b\ cURVV-VecWLRQaO VWXdLeV 

ZLWK caVe-cRQWURO deVLgQV cRPSaULQg a VLQgOe cOLQLcaO ZLWK RQe KeaOWK\ cRQWURO gURXS. 

FROORZLQg WKeVe deOLQeaWLRQV, VeYeUaO gaSV LQ WKe OLWeUaWXUe caQ be LdeQWLfLed ZKLcK SURYLde 

a YaQWage SRLQW fRU WKLV dLVVeUWaWLRQ. TR PLWLgaWe WKe ULVN Rf RYeUeVWLPaWLQg effecW VL]eV, 

VWXdLeV VKRXOd LQcRUSRUaWe cRPSaULVRQV Rf PXOWLSOe cOLQLcaO gURXSV aQd XWLOL]e a QaWXUaOLVWLc, 

LQVWead Rf a VWULcWO\ defLQed KeaOWK\ cRQWURO gURXS. TKLV aSSURacK LV aOVR SaUWLcXOaUO\ 

LPSRUWaQW fRU e[aPLQLQg WKe WUaQVdLagQRVWLc LQfOXeQceV RQ WKe ERN, ZKLcK aUe OLNeO\ VKaUed 

acURVV YaULRXV dLVRUdeU caWegRULeV. IQ RWKeU ZRUdV, VWXd\ deVLgQV WKaW MRLQWO\ LQYeVWLgaWe 

PXOWLSOe cOLQLcaO gURXSV aUe eVVeQWLaO fRU accXUaWeO\ e[SORULQg WKe SRWeQWLaOO\ 

WUaQVdLagQRVWLc SURceVVeV UefOecWed LQ ERN YaULabLOLW\. AQRWKeU UeVeaUcK gaS LV WKaW PRVW 

(cURVV-VecWLRQaO) VWXdLeV KaYe fRcXVed RQ WKe OLQN Rf WKe ERN aQd WUaLW-OLNe dLPeQVLRQV, 

VXcK aV WUaLW ZRUU\, ZKLOe LWV OLQN WR PeQWaO VWaWeV aVVRcLaWed ZLWK WUaLW ZRUU\, VXcK aV VWaWe 

ZRUU\, KaV UeceLYed cRPSaUaWLYeO\ OeVV aWWeQWLRQ. MRUeRYeU, WKeUe LV a VcaUcLW\ Rf 

e[SeULPeQWaO RU SURVSecWLYe VWXd\ deVLgQV, ZKLcK cRXOd beWWeU eOXcLdaWe WKe PecKaQLVPV 

XQdeUO\LQg WKe WUaQVOaWLRQ Rf QeXUaO ULVN PaUNeUV LQWR SV\cKRSaWKRORgLcaO cRQdLWLRQV, aV QRW 

aOO LQdLYLdXaOV ZLWK a ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\, LQde[ed b\ aQ LQcUeaVed ERN, 

deYeORS cRUUeVSRQdLQg cOLQLcaO V\PSWRPV. FLQaOO\, ZKLOe PXcK Rf WKe OLWeUaWXUe ceQWeUV RQ 

WKe ERN, WKe VSecLfLcLW\ Rf WKeVe fLQdLQgV ZaUUaQWV fXUWKeU LQYeVWLgaWLRQ, aV RWKeU UeOaWed 

ERPV, VXcK aV WKe CRN aQd Pe, KaYe beeQ UeOaWLYeO\ XQdeUVWXdLed. 
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2. RHVHDUFK OEMHFWLYHV 

2.1 ALP 

TKe cXUUeQW dLVVeUWaWLRQ aLPV WR e[SORUe eUURU-UeOaWed bUaLQ acWLYLW\ ZLWKLQ WKe 

fUaPeZRUN Rf LQWeUQaOL]LQg SV\cKRSaWKRORg\, SaUWLcXOaUO\ fRcXVLQg RQ LWV UROe aV a 

SaWKRSK\VLRORgLcaO ULVN PaUNeU Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. 

SSecLfLcaOO\, WKe LPSacW Rf WUaLW ZRUU\ aV a SRWeQWLaOO\ XQdeUO\LQg WUaQVdLagQRVWLc WUaLW 

dLPeQVLRQ, aV ZeOO aV LWV UeOaWed VWaWeV, LV Rf SULPaU\ LQWeUeVW. AddLWLRQaOO\, WKe LQfOXeQce Rf 

cOLQLcaO VWaWXV aQd faPLO\ ULVN LV WKRURXgKO\ e[aPLQed. FLQaOO\, WUaMecWRULeV fURP eQKaQced 

QeXUaO eUURU PRQLWRULQg WR WKe deYeORSPeQW Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV 

aUe LQYeVWLgaWed, ZKLOe cRQVLdeULQg VWUeVV aV a SRWeQWLaO caWaO\VW. TR WKLV eQd, WKLV 

dLVVeUWaWLRQ XWLOL]eV cURVV-VecWLRQaO, e[SeULPeQWaO, aQd SURVSecWLYe VWXdLeV WKaW LQcOXde OaUge 

WUaQVdLagQRVWLc aQd dLPeQVLRQaO VaPSOeV, eQcRPSaVVLQg SaUWLcLSaQWV ZLWK a ZLde UaQge Rf 

SV\cKRSaWKRORgLcaO V\PSWRPV aQd VeYeULW\ acURVV WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe 

VSecWUXP, aV ZeOO aV LQcOXdLQg YaULRXV bUaLQ SRWeQWLaOV be\RQd eUURU-UeOaWed acWLYLW\. 

2.2 RHVHDUFK QXHVWLRQV DQG H\SRWKHVHV 

TKe SULPaU\ UeVeaUcK TXeVWLRQV Rf WKLV dLVVeUWaWLRQ, aORQg ZLWK WKe cRUUeVSRQdLQg 

K\SRWKeVeV, aUe gURXQded LQ WKe e[LVWLQg OLWeUaWXUe RQ WKe UROe Rf eUURU-UeOaWed bUaLQ acWLYLW\ 

acURVV WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. FRU a beWWeU RYeUYLeZ, WKeVe 

LQTXLULeV aUe caWegRUL]ed LQWR WKUee PaLQ WRSLcV: a) WKe VXVceSWLbLOLW\ Rf eUURU-UeOaWed bUaLQ 

acWLYLW\ WR LQWUaLQdLYLdXaO VWaWe LQfOXeQceV, b) WKe LQYeVWLgaWLRQ Rf facWRUV aVVRcLaWed ZLWK 

LQWeULQdLYLdXaO WUaLW dLffeUeQceV LQ eUURU-UeOaWed bUaLQ acWLYLW\, aQd c) WKe LdeQWLfLcaWLRQ Rf 

SRWeQWLaO PRdeUaWRUV aQd PedLaWRUV Rf WKe OLQN beWZeeQ KeLgKWeQed eUURU-UeOaWed bUaLQ 

acWLYLW\ aQd WKe deYeORSPeQW Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV. IQ RUdeU WR 

aVVeVV WKe VSecLfLcLW\ Rf WKeVe effecWV, WKLV dLVVeUWaWLRQ LQcOXdeV e[SORUaWRU\ aQaO\VeV Rf 

addLWLRQaO bUaLQ SRWeQWLaOV (L.e., CRN aQd Pe) ZLWKRXW SUedefLQed K\SRWKeVeV. 

QXeVWLRQ 1 (SWXd\ 1):  

IV LQWUaLQdLYLdXaO YaULabLOLW\ LQ eUURU-UeOaWed bUaLQ acWLYLW\ LQfOXeQced b\ PeQWaO VWaWeV WKaW 

aUe aVVRcLaWed ZLWK WUaLW ZRUU\? AQd Lf VR, ZKLcK UROe SOa\V VWaWe ZRUU\?  

H\SRWKeVLV 1: TKe e[SeULPeQWaO LQdXcWLRQ Rf VWaWe ZRUU\ LQcUeaVeV, ZKLOe LWV 

UedXcWLRQ decUeaVeV eUURU-UeOaWed bUaLQ acWLYLW\. 
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QXeVWLRQ 2 (SWXd\ 2):  

WKLcK facWRUV aUe OLQNed WR LQWeULQdLYLdXaO dLffeUeQceV LQ eUURU-UeOaWed bUaLQ acWLYLW\? WKaW 

LQfOXeQce dR WUaQVdLagQRVWLc WUaLW dLPeQVLRQV, cOLQLcaO VWaWXV, aQd faPLO\ ULVN KaYe? 

H\SRWKeVLV 2a: TUaLW ZRUU\, bXW QRW WUaLW aURXVaO, LV aVVRcLaWed ZLWK eQKaQced eUURU 

PRQLWRULQg. TKLV aVVRcLaWLRQ LV VWURQgeU fRU ZRPeQ cRPSaUed ZLWK 

PeQ. 

H\SRWKeVLV 2b: DLVRUdeUV VXcK aV OCD aQd SAD, ZKLcK aUe SUeVXPabO\ 

cKaUacWeUL]ed b\ WUaLW ZRUU\, e[KLbLW gUeaWeU eUURU-UeOaWed bUaLQ 

acWLYLW\ cRPSaUed WR VSecLfLc SKRbLa aQd cRQWURO SaUWLcLSaQWV. 

H\SRWKeVLV 2c: OQ a bURadeU VcaOe, eQKaQced eUURU-UeOaWed bUaLQ acWLYLW\ LV OLQNed 

QRW RQO\ WR a cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQg dLVRUdeU bXW aOVR WR 

WKe faPLO\ ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\. 

 

QXeVWLRQ 3 (SWXd\ 3):  

HRZ dR eUURU-UeOaWed bUaLQ acWLYLW\, VWUeVV, aQd LQWeUQaOL]LQg V\PSWRPV LQWeUacW ZLWK eacK 

RWKeU? AUe adYeUVe OLfe eYeQWV, VXcK aV WKe COVID-19 SaQdePLc, caWaO\VWV fRU WKe 

deYeORSPeQW Rf LQWeUQaOL]LQg V\PSWRPV LQ LQdLYLdXaOV ZLWK KeLgKWeQed eUURU-UeOaWed bUaLQ 

acWLYLW\?  

H\SRWKeVLV 3: PaQdePLc-UeOaWed VWUeVV eQKaQceV WKe OLQN beWZeeQ LQcUeaVed eUURU-

UeOaWed bUaLQ acWLYLW\ aQd LQWeUQaOL]LQg V\PSWRPV. 
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3. SXPPDU\ RI SWXGLHV 

3.1 SWXG\ 1: DLVHQWDQJOLQJ TUDLW DQG SWDWH :RUU\ 

CLWDWLRQ. HlUSfeU, K., CaUVWeQ, H. P., L|ZLVcK, K., WeVWeUPaQQ, N., & RLeVeO, A. 

(2022). DLVeQWaQgOLQg WKe effecWV Rf WUaLW aQd VWaWe ZRUU\ RQ eUURU-UeOaWed bUaLQ acWLYLW\: 

ReVXOWV fURP a UaQdRPL]ed cRQWUROOed WULaO XVLQg ZRUU\ PaQLSXOaWLRQV. Ps\choph\siolog\, 

59(9), e14055. KWWSV://dRL.RUg/10.1111/SV\S.14055 

OEMHFWLYH. AV SRLQWed RXW LQ WKe LQWURdXcWLRQ, WKe ERN LV cRPPRQO\ XQdeUVWRRd aV 

WUaLW-OLNe cRPSRQeQW UefOecWLQg aQ LQdLYLdXaO¶V KeLgKWeQed VeQVLWLYLW\ WR SRWeQWLaO WKUeaWV 

(HaMcaN & FRWL, 2008; HeffeU & WLOORXgKb\, 2021; PURXdfLW eW aO., 2013; WeLQbeUg eW aO., 

2016; WeLQbeUg eW aO., 2012). HRZeYeU, VRPe VWXdLeV VXggeVW LQWUaLQdLYLdXaO YaULabLOLW\ Rf 

WKe ERN; fRU LQVWaQce, ZKeQ accXUac\ LV ePSKaVL]ed RYeU VSeed (FaONeQVWeLQ eW aO., 2000; 

GeKULQg eW aO., 1993; RLeVeO, KaWKPaQQ, & KOaZRKQ, 2019), ZKeQ eUURUV aUe SXQLVKed 

(Me\eU & GaZORZVNa, 2017; RLeVeO, KaWKPaQQ, W�OOKRUVW, eW aO., 2019; RLeVeO eW aO., 2012) 

RU VRcLaOO\ eYaOXaWed (BX]]eOO eW aO., 2017; VRegOeU eW aO., 2018), dXULQg dXaO WaVN dePaQdV 

(KOaZRKQ eW aO., 2016), RU ZLWK cKaQgLQg SRVLWLYe affecW (NLgbXU & UOOVSeUgeU, 2020) aQd 

QegaWLYe affecW (WLVZede, M�QWe, GRVcKNe, eW aO., 2009; WLVZede, M�QWe, & R�VVeOeU, 

2009). OQ WKe RQe KaQd, WKeVe SULPaU\ VWXdLeV VXggeVW VWaWe-deSeQdeQW YaULabLOLW\ Rf WKe 

ERN. OQ WKe RWKeU KaQd, PeWa-aQaO\WLcaO eYLdeQce (MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 

2020) LQdLcaWeV a OLQN beWZeeQ a KeLgWKeQed ERN aQd WKe aQ[LeW\ dLPeQVLRQ WUaLW ZRUU\. 

CRQVeTXeQWO\, WKeVe RbVeUYaWLRQV UaLVe WKe cULWLcaO TXeVWLRQ Rf ZKeWKeU WKe ERN LV aOVR 

VXVceSWLbOe WR e[SeULPeQWaO PaQLSXOaWLRQV Rf VWaWe ZRUU\, WKeUeb\ fXUWKeU VXSSRUWLQg WKe 

UROe Rf WUaLW ZRUU\ aQd LWV UeOaWed VWaWeV LQ bRWK LQWeU- aQd LQWUaLQdLYLdXaO YaULabLOLW\ Rf WKe 

ERN. 

IQ facW, SUeOLPLQaU\ e[SeULPeQWaO eYLdeQce VXggeVWV WKaW aQ ePRWLRQaO e[SUeVVLYe 

ZULWLQg LQWeUYeQWLRQ, aLPed aW UedXcLQg VWaWe ZRUU\, caQ decUeaVe WKe ERN Rf dLVSRVLWLRQaOO\ 

ZRUU\LQg LQdLYLdXaOV (ScKURdeU eW aO., 2018). HRZeYeU, WKLV fLUVW VWXd\ KaV VRPe 

PeWKRdRORgLcaO OLPLWaWLRQV, aV WKe aXWKRUV PeaVXUed WKe ERN RQO\ SRVW-LQWeUYeQWLRQ, 

OeaYLQg WKe SRVVLbLOLW\ RSeQ WKaW XQPeaVXUed baVeOLQe dLffeUeQceV Pa\ KaYe LQfOXeQced WKe 

RbVeUYed effecWV. TKe LQWeUYeQWLRQ ZaV aOVR QRW accRPSaQLed b\ a VLgQLfLcaQW decUeaVe LQ 

VeOf-UeSRUWed aQ[LeW\, fXUWKeU TXeVWLRQLQg WKe aVVXPed PecKaQLVP OeadLQg WR a VPaOOeU ERN 

LQ WKe LQWeUYeQWLRQ gURXS. AddLWLRQaOO\, LW ZRXOd KaYe beeQ cRQceSWXaOO\ aQd 

eSLVWePRORgLcaOO\ YaOXabOe WR LQYeVWLgaWe WKe LPSacW Rf e[SeULPeQWaOO\ LQcUeaVLQg VWaWe 

https://doi.org/10.1111/psyp.14055
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ZRUU\. CRQVeTXeQWO\, WKe fLUVW VWXd\ Rf WKLV dLVVeUWaWLRQ e[aPLQed bRWK WKe cURVV-VecWLRQaO 

aVVRcLaWLRQV beWZeeQ LQWeULQdLYLdXaOO\ dLffeULQg OeYeOV Rf WUaLW ZRUU\ aQd WKe ERN, aV ZeOO 

aV WKe caXVaO LPSacW Rf e[SeULPeQWaO PaQLSXOaWLRQV Rf VWaWe ZRUU\ RQ LQWUaLQdLYLdXaO ERN 

YaULabLOLW\. 

MHWKRG. TKe deVLgQ aQd aQaO\VeV Rf WKLV UaQdRPL]ed-cRQWUROOed ORQgLWXdLQaO VWXd\ 

ZeUe SUeUegLVWeUed SULRU WR daWa cROOecWLRQ (KWWSV://RVf.LR/M8N6]). TKe VaPSOe VL]e ZaV 

deWeUPLQed baVed RQ aQ a SULRU SRZeU aQaO\VLV. NLQeW\ XQVeOecWed SaUWLcLSaQWV (n = 66 

fePaOe) aged 18-30 \eaUV ZeUe UaQdRPO\ aVVLgQed aQd geQdeU PaWcKed WR eLWKeU a ZRUU\ 

LQdXcWLRQ, UedXcWLRQ, RU SaVVLYe cRQWURO gURXS (eacK n = 30) UeceLYLQg a gURXS-VSecLfLc 

LQWeUYeQWLRQ fRU eLgKW PLQXWeV. IQ RUdeU WR aVVeVV aQd cRQWURO fRU cOLQLcaO daWa, aOO 

SaUWLcLSaQWV XQdeUZeQW a VWUXcWXUed cOLQLcaO LQWeUYLeZ fRU cOLQLcaO dLagQRVeV (SCID-5-CV; 

BeeVdR-BaXP eW aO., 2019; FLUVW eW aO., 2016) aQd cRPSOeWed a baWWeU\ Rf TXeVWLRQQaLUeV 

LQcOXdLQg WKe PeQQ SWaWe WRUU\ QXeVWLRQQaLUe (PSWQ; GO|cNQeU-RLVW & RLVW, 2014; Me\eU 

eW aO., 1990) aV a PeaVXUe fRU WUaLW ZRUU\, ZKLcK ZaV Rf VSecLaO LQWeUeVW WR WKe cXUUeQW VWXd\.  

AW fLUVW, SaUWLcLSaQWV LdeQWLfLed SeUVRQaOO\ UeOeYaQW WRSLcV WKaW WKe\ cXUUeQWO\ ZRUU\ 

abRXW (AUcK & CUaVNe, 2006; BReKQNe eW aO., 1998). SXbVeTXeQWO\ WKe LQdXcWLRQ gURXS, 

fROORZLQg a caWaVWURSKL]LQg aSSURacK (e.g., BRUNRYec & IQ], 1990; VeUNXLO eW aO., 2009), 

ZaV LQVWUXcWed WR LQWeQVLYeO\ ZRUU\ b\ cRQWePSOaWLQg ZRUVW-caVe VceQaULRV UeOaWed WR WKeLU 

WRSLcV. CRQYeUVeO\, WKe UedXcWLRQ gURXS, LQ OLQe ZLWK WKe ePRWLRQaO e[SUeVVLYe ZULWLQg 

WecKQLTXe (e.g., PeQQebaNeU, 2017; RaPLUe] & BeLORcN, 2011; ScKURdeU eW aO., 2018), ZaV 

eQcRXUaged WR ZULWe dRZQ WKeLU WRSLc-UeOaWed WKRXgKWV, cRQceUQV, aQd feeOLQgV ZLWKRXW VeOf-

MXdgPeQW. TKe SaVVLYe cRQWURO gURXS dLd QRW XQdeUgR aQ\ LQWeUYeQWLRQ. MaQLSXOaWLRQ 

cKecNV WKURXgKRXW WKe VWXd\ ZeUe LPSOePeQWed WR WUacN LQWUaLQdLYLdXaO fOXcWXaWLRQV Rf VWaWe 

ZRUU\, VWaWe aURXVaO, aQd VWaWe affecW (aVVeVVed YLa a fRUced-cKRLce YLVXaO aQaORgXe VcaOe 

UaQgLQg fURP 0 WR 100). ERPV ZeUe PeaVXUed befRUe aQd afWeU WKe UeVSecWLYe LQWeUYeQWLRQ 

XVLQg aQ aUURZKead YeUVLRQ Rf WKe fOaQNeU WaVN ZLWK VSeed feedbacN. SWaWLVWLcaO aQaO\VeV 

LQYROYed F2-WeVWV, t-WeVWV, RQe-Za\ aV ZeOO aV PL[ed-PeaVXUeV aQaO\VeV Rf YaULaQce 

(ANOVA), aQd PXOWLSOe OLQeaU UegUeVVLRQ PRdeOV, aORQgVLde cRUUeVSRQdLQg Ba\eVLaQ 

aQaO\VeV. 

RHVXOWV. RaQdRPL]aWLRQ ZaV VXcceVVfXO, aV LQdLcaWed b\ WKe abVeQce Rf baVeOLQe 

dLffeUeQceV LQ dePRgUaSKLc RU cOLQLcaO daWa. MaQLSXOaWLRQ cKecNV UeYeaOed WKaW bRWK WKe 

LQdXcWLRQ aQd UedXcWLRQ gURXSV UeSRUWed VLgQLfLcaQWO\ KLgKeU OeYeOV Rf VWaWe ZRUU\, VWaWe 

https://osf.io/j8k6z
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aURXVaO, aQd PRUe QegaWLYe VWaWe affecW afWeU WKe LQWeUYeQWLRQ cRPSaUed WR WKe cRQWURO gURXS 

(FLgXUe 4), cRQVWLWXWLQg OaUge effecW VL]eV Rf WKe e[SeULPeQWaO PaQLSXOaWLRQV RQ VWaWe 

PeaVXUeV, SaUWLcXOaUO\ VWaWe ZRUU\. WKLOe WKe LQdXcWLRQ SaUadLgP UeVXOWed LQ WKe aQWLcLSaWed 

effecWV, WKe ePRWLRQaO e[SUeVVLYe ZULWLQg LQWeUYeQWLRQ, dLd QRW decUeaVe VWaWe ZRUU\ aV 

e[SecWed, bXW UeVXOWed LQ aQ LQcUeaVe. HRZeYeU, WKeVe cKaQgeV LQ V\PSWRP VWaWeV ZeUe QRW 

accRPSaQLed b\ gURXS-VSecLfLc aOWeUaWLRQV LQ ERPV (FLgXUe 5), a fLQdLQg fXUWKeU VXSSRUWed 

b\ Ba\eVLaQ aQaO\VeV. IQVWead, WKe CRN decUeaVed RYeU WLPe acURVV aOO gURXSV. 

CRQVeTXeQWO\, QeLWKeU WKe ERN QRU CRN VKRZed LQWUaLQdLYLdXaO YaULabLOLW\ aV a UeVXOW Rf 

WKe e[SeULPeQWaO LQdXcWLRQ Rf VWaWe ZRUU\.  

IQ WKe cURVV-VecWLRQaO aQaO\VeV e[aPLQLQg LQWeULQdLYLdXaO dLffeUeQceV (WUaLW ZRUU\) 

UaWKeU WKaQ LQWUaLQdLYLdXaO YaULabLOLW\ (VWaWe ZRUU\), fLQdLQgV UeYeaOed WKaW eOeYaWed OeYeOV 

Rf WUaLW ZRUU\ ZeUe OLQNed WR a OaUgeU ERN LQ fePaOeV (n = 66), ZKLOe WKe effecWV fRU PaOeV 

ZeUe LQ WKe RSSRVLWe dLUecWLRQ (n = 24). PaUWLcLSaQWV ZLWK KLgKeU OeYeOV Rf WUaLW ZRUU\ aOVR 

VKRZed a OaUgeU CRN, bXW WKLV effecW ZaV QRW PRdeUaWed b\ geQdeU. SLQce a VXbVeW Rf 

SaUWLcLSaQWV fXOfLOOed WKe cULWeULa fRU a cXUUeQW RU OLfeWLPe LQWeUQaOL]LQg dLagQRVLV, Ze 

cRPSaUed ERPV Rf WKeP (n = 14) ZLWK aOO RWKeU QRQ-cOLQLcaO SaUWLcLSaQWV (n = 69), fLQdLQg 

eQKaQced aPSOLWXdeV Rf OaUge effecW VL]e fRU WKe ERN bXW QRW WKe CRN LQ WKe cOLQLcaO gURXS. 

 

 

Figure 4. State measurements tracking fluctuations of state worry (A), state arousal (B), and state 
affect (C) throughout the study. Each scale consisted of two items rated on a visual analogue scale. 
For state worry and state arousal, the potential range was 0 to 100, for state affect it was -50 to 50. 
Error bars represent one standard error. Asterisks indicate significant differences between groups 
at each time point: *** p < .001. ** p < .01. * p < .05. N = 90. Figure from Härpfer et al. (2022). 
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AGGLWLRQDO AQDO\VHV. ReVXOWV Rf addLWLRQaO aQaO\VeV, QRW LQcOXded LQ WKe PaLQ 

SXbOLcaWLRQ, aUe deWaLOed LQ ASSeQdL[ A1. TKe fLUVW aQaO\VLV (TabOe A1.1) aLPed WR e[SORUe 

WKe SRWeQWLaO LQWeUacWLRQ beWZeeQ WUaLW aQd VWaWe ZRUU\ RQ ERN/CRN aOWeUaWLRQV befRUe WKe 

fLUVW fOaQNeU WaVN (T0) aQd afWeU WKe LQWeUYeQWLRQV (T1). SeSaUaWe PXOWLSOe OLQeaU UegUeVVLRQ 

PRdeOV ZeUe SeUfRUPed fRU WKe dLffeUeQce LQ ERN aQd CRN beWZeeQ T1 aQd T0. PUedLcWRUV 

LQcOXded WKe PSWQ (WUaLW ZRUU\), WKe dLffeUeQce LQ VWaWe ZRUU\ beWZeeQ T1 aQd T0 (VWaWe 

ZRUU\), aQd WKeLU LQWeUacWLRQ WeUP. HRZeYeU, QRQe Rf WKe SUedLcWRUV UeacKed VWaWLVWLcaO 

VLgQLfLcaQce. TR WeVW fRU WKe VSecLfLcLW\ Rf WKe PaLQ LQYeVWLgaWLRQV, WKe VecRQd aQaO\VLV (TabOe 

A1.2) e[SORUed SRWeQWLaO effecWV Rf WKe LQWeUYeQWLRQV RQ WKe Pe. TKe UeVXOWV Rf WKe PL[ed-

PeaVXUeV ANOVA ZLWK WKe beWZeeQ-VXbMecW facWRU gURXS (LQdXcWLRQ, UedXcWLRQ, cRQWURO) 

aQd WKe ZLWKLQ-VXbMecW facWRU WLPe (T0, T1) dLd QRW UeYeaO VLgQLfLcaQW effecWV RQ WKe Pe. TKe 

WKLUd aQaO\VLV (TabOe A1.3) LQYeVWLgaWed WKe LQfOXeQce Rf geQdeU aQd WUaLW ZRUU\ RQ WKe Pe, 

fLQdLQg OaUgeU Pe aPSOLWXdeV LQ PeQ cRPSaUed ZLWK ZRPeQ. HRZeYeU, WUaLW ZRUU\ ZaV QRW 

a VLgQLfLcaQW SUedLcWRU. FLQaOO\, cOLQLcaO aQd QRQ-cOLQLcaO SaUWLcLSaQWV dLd QR dLffeU UegaUdLQg 

WKe Pe, t(81) = -0.27, p = .788, d = -0.08. 

DLVFXVVLRQ. TKe UeVXOWV Rf WKe fLUVW VWXd\ Rf WKLV dLVVeUWaWLRQ VXggeVW WKaW QeLWKeU WKe 

ERN QRU CRN aSSeaU WR be LQfOXeQced b\ e[SeULPeQWaOO\ LQdXced LQWUaLQdLYLdXaO cKaQgeV 

LQ VWaWe ZRUU\. IW LV eVVeQWLaO WR QRWe WKaW a fLQaO cRQcOXVLRQ UegaUdLQg WKe LPSacW Rf WKe VWaWe 

ZRUU\ UedXcWLRQ LQWeUYeQWLRQ caQQRW be Pade, aV WKe UedXcWLRQ gURXS XQe[SecWedO\ UeSRUWed 

KLgKeU OeYeOV Rf VWaWe ZRUU\ fROORZLQg WKe ePRWLRQaO e[SUeVVLYe ZULWLQg LQWeUYeQWLRQ. TKLV 

LV LQ cRQWUaVW WR WKe LQLWLaO eYLdeQce Rf WKe fLUVW VWXd\, ZKLcK VKRZed a UedXced ERN LQ WKe 

ePRWLRQaO e[SUeVVLYe ZULWLQg gURXS (ScKURdeU eW aO., 2018). NeYeUWKeOeVV, SULRU WUeaWPeQW 

VWXdLeV aOVR LQdLcaWed WKaW WKe ERN LV VeePLQgO\ LQVeQVLWLYe WR LQWUaLQdLYLdXaO V\PSWRPaWLc 

UedXcWLRQV LQ aQ[LeW\ (GRUNa eW aO., 2018; KXMaZa eW aO., 2016; LadRXceXU eW aO., 2018) aQd 

RbVeVVLYe-cRPSXOVLYe V\PSWRPV (HaMcaN eW aO., 2008; RLeVeO eW aO., 2015). RegaUdLQg WKe 

CRN UeVXOWV Rf WKe cXUUeQW VWXd\, aPSOLWXdeV decUeaVed RYeU WLPe acURVV aOO WKUee gURXSV, 

ZLWKRXW dLffeUeQWLaO effecWV beWZeeQ WKe gURXSV. TKLV decUeaVe Pa\ UefOecW eLWKeU WUaLQLQg 

effecWV RU WaVN dLVeQgagePeQW. AddLWLRQaOO\, QR effecWV ZeUe fRXQd fRU WKe Pe. 

TKe dLYeUgeQW UeVXOWV beWZeeQ WKe RULgLQaO VWXd\ (ScKURdeU eW aO., 2018) aQd WKLV 

VWXd\, ZKLcK VRXgKW WR UeSOLcaWe aQd e[WeQd WKe SUeYLRXV fLQdLQgV, Pa\ VWeP fURP cUXcLaO 

dLffeUeQceV LQ UeVeaUcK deVLgQV. TKe RULgLQaO VWXd\ ePSOR\ed a VWaWe ZRUU\ UedXcWLRQ 

SaUadLgP ZLWK cKURQLcaOO\ ZRUU\LQg LQdLYLdXaOV, ZKLOe WKLV VWXd\ XVed aQ XQVeOecWed 
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VaPSOe WR e[aPLQe WKe effecWV Rf bRWK a VWaWe ZRUU\ LQdXcWLRQ aQd UedXcWLRQ LQWeUYeQWLRQ. IW 

LV cRQceLYabOe WKaW a VWaWe ZRUU\ UedXcWLRQ SaUadLgP effecWLYeO\ UedXceV eUURU-UeOaWed bUaLQ 

acWLYLW\ RQO\ LQ LQdLYLdXaOV ZLWK KLgK OeYeOV Rf WUaLW ZRUU\. HRZeYeU, WKLV aVVXPSWLRQ abRXW 

WKe XQdeUO\LQg PecKaQLVP LQ WKe LQLWLaO VWXd\ PXVW be TXeVWLRQed fRU WZR PaLQ UeaVRQV: 

FLUVW, WKe LQWeUYeQWLRQ dLd QRW UedXce VeOf-UeSRUWed VWaWe aQ[LeW\, WKe PeaVXUe XVed aV a 

PaQLSXOaWLRQ cKecN, fURP SUe- WR SRVW-LQWeUYeQWLRQ, aV RQe ZRXOd e[SecW. SecRQd, WKe ERN 

ZaV aVVeVVed RQO\ RQce afWeU WKe LQWeUYeQWLRQ, TXeVWLRQLQg WKe aVVXPed UedXcLQg effecW aV 

WKLV UeVXOW PLgKW MXVW RQO\ RULgLQaWe fURP SRWeQWLaOO\ SUee[LVWLQg bXW QRW aVVeVVed baVeOLQe 

dLffeUeQceV beWZeeQ WKe e[SeULPeQWaO gURXSV. AddUeVVLQg WKeVe PeWKRdRORgLcaO 

cRQVLdeUaWLRQV, WKe cXUUeQW VWXd\ PeWLcXORXVO\ WUacNed WKe LQfOXeQce Rf bRWK LQWeUYeQWLRQV 

RQ LQWUaLQdLYLdXaO cKaQgeV LQ V\PSWRP VWaWeV ZKLOe aOVR PeaVXULQg ERPV befRUe aQd afWeU 

WKe LQWeUYeQWLRQ, SURYLdLQg a PRUe deWaLOed aQd QXaQced XQdeUVWaQdLQg. FXUWKeUPRUe, 

VXSSOePeQWaU\ aQaO\VLV dLd QRW UeYeaO aQ\ VLgQLfLcaQW LQWeUacWLRQ beWZeeQ VWaWe aQd WUaLW 

ZRUU\ RQ ERP PagQLWXdeV. TKLV fLQdLQg VSeaNV agaLQVW WKe SRVVLbLOLW\ WKaW WKe VWaWe ZRUU\ 

LQWeUYeQWLRQV dLffeUeQWLaOO\ affecWed SaUWLcLSaQWV ZLWK YaU\LQg OeYeOV Rf WUaLW ZRUU\.  

IQ cRQWUaVW WR LQWUaLQdLYLdXaO YaULaWLRQV LQ VWaWe ZRUU\, LQWeULQdLYLdXaO dLffeUeQceV LQ 

WKe SURSeQVLW\ WR ZRUU\ (L.e., WUaLW ZRUU\) dePRQVWUaWed gUeaWeU e[SOaQaWRU\ SRZeU fRU 

YaULabLOLW\ LQ ERN aQd CRN. SSecLfLcaOO\, KeLgKWeQed OeYeOV Rf WUaLW ZRUU\ ZeUe fRXQd WR 

be aVVRcLaWed ZLWK OaUgeU ERN aPSOLWXdeV LQ fePaOeV, ZKLcK LV LQ OLQe ZLWK PeWa-aQaO\WLcaO 

eYLdeQce VXggeVWLQg WKaW ZRPeQ VKRZ a VWURQgeU aVVRcLaWLRQV beWZeeQ aQ[LeW\ aQd eUURU-

UeOaWed bUaLQ acWLYLW\ (MRVeU eW aO., 2016). CRQYeUVeO\, WKLV aVVRcLaWLRQ ZaV WKe RSSRVLWe 

dLUecWLRQ aPRQg PaOeV, aOWKRXgK WKe OLPLWed QXPbeU Rf PaOe SaUWLcLSaQWV QeceVVLWaWeV 

fXUWKeU UeSOLcaWLRQ WR cRQfLUP WKLV fLQdLQg. RegaUdOeVV Rf geQdeU, WKe UeVXOWV aOVR VXggeVW aQ 

aVVRcLaWLRQ beWZeeQ WUaLW ZRUU\ aQd CRN PagQLWXde, WKeUeb\ e[WeQdLQg WKe cXUUeQW 

XQdeUVWaQdLQg (HlUSfeU eW aO., 2020; LLQ eW aO., 2015; MRUaQ eW aO., 2012; MRVeU eW aO., 2012) 

WR eQcRPSaVV QRW RQO\ eUURU PRQLWRULQg bXW aOVR SeUfRUPaQce PRQLWRULQg LQ geQeUaO WR be 

OLQNed WR WUaLW ZRUU\. MRUeRYeU, WKLV VWXd\ VWUeQgWKeQV WKe e[LVWLQg bRd\ Rf eYLdeQce 

LQdLcaWLQg WKaW PeQWaO dLVRUdeUV ZLWKLQ WKe LQWeUQaOL]LQg VSecWUXP aUe cKaUacWeUL]ed b\ 

KeLgKWeQed ERN aPSOLWXdeV (PaVLRQ & BaUbRVa, 2019; RLeVeO, 2019; SaXQdeUV & IQ]OLcKW, 

2020), aQd WKaW WKLV fLQdLQg LV VSecLfLc WR WKe ERN, aV WKe CRN aQd Pe aQaO\VeV dLd QRW 

UeYeaO VLPLOaU UeVXOWV.  
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CRQFOXVLRQ. TaNeQ WRgeWKeU, WKe fLUVW VWXd\ Rf WKLV dLVVeUWaWLRQ XQdeUVcRUeV WKe 

QRWLRQ WKaW YaULaWLRQV LQ ERN aQd CRN SUedRPLQaQWO\ UefOecW LQWeULQdLYLdXaO (L.e., WUaLW-

OLNe) dLffeUeQceV LQ WKe WeQdeQc\ WR ZRUU\ UaWKeU WKaQ LQWUaLQdLYLdXaO (L.e., VWaWe-OLNe) 

cKaQgeV LQ VLWXaWLRQaO ZRUU\LQg. AddLWLRQaOO\, geQdeU aSSeaUV WR acW aV a PRdeUaWRU fRU WKe 

OLQN beWZeeQ WUaLW ZRUU\ aQd WKe ERN, bXW QRW WKe CRN. CRQVLVWeQW ZLWK SULRU LQYeVWLgaWLRQV, 

WKLV VWXd\ aOVR fRXQd fXUWKeU eYLdeQce fRU WKe aVVXPSWLRQ WKaW LQcUeaVed ERN aQd CRN 

aPSOLWXdeV UefOecW WKe ULVN fRU a cOLQLcaO dLVRUdeU Rf WKe LQWeUQaOL]LQg VSecWUXP. A cULWLcaO 

OLPLWaWLRQ, KRZeYeU, LV WKaW WKLV VWXd\ e[aPLQed a PRVWO\ QRQcOLQLcaO VaPSOe aQd WKe 

ePRWLRQaO e[SUeVVLYe ZULWLQg SaUadLgP dLd QRW UeVXOW LQ a UedXcWLRQ Rf VWaWe ZRUU\. 

3.2 SWXG\ 2: EQKDQFHG PHUIRUPDQFH MRQLWRULQJ DV D TUDQVGLDJQRVWLF RLVN MDUNHU 

CLWDWLRQ. HlUSfeU, K., CaUVWeQ, H. P., KaXVcKe, F. M., & RLeVeO, A. (LQ UeYLVLRQ). 

EQKaQced SeUfRUPaQce PRQLWRULQg aV a WUaQVdLagQRVWLc ULVN PaUNeU Rf WKe aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe VSecWUXP: TKe UROe Rf dLVRUdeU caWegRU\, cOLQLcaO VWaWXV, faPLO\ ULVN, 

aQd aQ[LeW\ dLPeQVLRQV. Depression and An[iet\.  

OEMHFWLYH. WKLOe PeWa-aQaO\WLcaO eYLdeQce cRPSeOOLQgO\ VXSSRUWV WKe QRWLRQ WKaW 

aQ LQcUeaVed ERN VeUYeV a ULVN PaUNeU fRU dLVRUdeUV Rf WKe aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe VSecWUXP (e.g., OCD, SAD; MRVeU eW aO., 2013; RLeVeO, 2019; SaXQdeUV & 

IQ]OLcKW, 2020), WKLV SaWWeUQ Pa\ QRW e[WeQd XQLfRUPO\ acURVV aOO dLVRUdeU caWegRULeV ZLWKLQ 

WKLV VSecWUXP (e.g., VSecLfLc SKRbLa; HaMcaN eW aO., 2003; MRVeU eW aO., 2005). IQcRQVLVWeQcLeV 

LQ fLQdLQgV beWZeeQ dLVRUdeU caWegRULeV Pa\ RULgLQaWe fURP YaULaWLRQV LQ OaWeQW XQdeUO\LQg 

V\PSWRP dLPeQVLRQ SURfLOeV (CR[ eW aO., 2010; KUXegeU, 1999 SKaUS eW aO., 2015), VXcK aV 

WUaQVdLagQRVWLc aQ[LeW\ dLPeQVLRQV (L.e., WUaLW ZRUU\ aQd WUaLW aURXVaO). TKLV XQdeUVcRUeV WKe 

QeceVVLW\ fRU a UefLQed cRQceSWXaOL]aWLRQ Rf KRZ ERN aOWeUaWLRQV UeOaWe WR VSecLfLc cOLQLcaO 

SKeQRW\SeV ZLWKLQ WKe bURadeU VSecWUXP Rf LQWeUQaOL]LQg dLVRUdeUV (RLeVeO eW aO., 2023; 

WeLQbeUg eW aO., 2016; WeLQbeUg eW aO., 2012). FXUWKeUPRUe, VWXdLeV LQYeVWLgaWLQg VXbcOLQLcaO 

V\PSWRP OeYeOV KaYe \LeOded OeVV cRQVLVWeQW UeVXOWV UegaUdLQg KeLgKWeQed ERN aPSOLWXdeV 

(COa\VRQ eW aO., 2023; HlUSfeU eW aO., 2020; SeRZ eW aO., 2020), VXggeVWLQg WKaW cOLQLcaO VWaWXV 

Pa\ VeUYe aV a SRWeQWLaO PRdeUaWRU (SaXQdeUV & IQ]OLcKW, 2020). LaVWO\, WKe VLPXOWaQeRXV 

e[aPLQaWLRQ Rf cOLQLcaO VWaWXV aQd faPLO\ ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\ (CaUUaVcR, 

HaUbLQ, eW aO., 2013; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 2019), RQ aQ eOeYaWed ERN 

KaV QRW \eW beeQ e[SORUed. CRQVeTXeQWO\, WKLV VecRQd VWXd\ cRQVLVWLQg Rf a WUaQVdLagQRVWLc 

cOLQLcaO VaPSOe aLPed aW LQYeVWLgaWLQg WKe LQWeULQdLYLdXaO dLffeUeQceV Rf WKe ERN b\ 
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fRcXVLQg RQ WKe UROe Rf dLVRUdeU caWegRU\, cOLQLcaO VWaWXV, faPLO\ ULVN, geQdeU, aQd 

WUaQVdLagQRVWLc aQ[LeW\ dLPeQVLRQV.  

MHWKRG. SLPLOaU WR WKe fLUVW VWXd\, WKe VaPSOe VL]e Rf WKLV cURVV-VecWLRQaO VWXd\ ZaV 

deWeUPLQed baVed RQ aQ a SULRU SRZeU aQaO\VLV. TKe VWXd\ deVLgQ aQd aQaO\VeV ZeUe 

SUeUegLVWeUed SULRU WR daWa cROOecWLRQ (KWWSV://RVf.LR/N[Y5K). IQ OLQe ZLWK RSeQ VcLeQce 

SUacWLceV, daWa aQd cRde aUe acceVVLbOe LQ aQ RQOLQe UeSRVLWRU\ ZKLcK LV OLQNed WR WKe 

SUeUegLVWUaWLRQ, eQVXULQg WUaQVSaUeQc\ aQd UeSURdXcLbLOLW\. EEG daWa Rf 156 SaUWLcLSaQWV (n 

= 115 fePaOe) aged 18 WR 63 \eaUV aQd dLagQRVed ZLWK RbVeVVLYe-cRPSXOVLYe dLVRUdeU 

(OCD; n = 39), VRcLaO aQ[LeW\ dLVRUdeU (SAD; n = 39), RU VSecLfLc SKRbLa (PHOB; n = 39), 

aV ZeOO aV QaWXUaOLVWLc cRQWURO SaUWLcLSaQWV (CON; n = 39) ZeUe PeaVXUed ZKLOe SeUfRUPLQg 

aQ aUURZKead YeUVLRQ Rf a fOaQNeU WaVN ZLWK VSeed feedbacN. EQVXULQg a KLgKeU e[WeUQaO 

YaOLdLW\, SaUWLcLSaQWV Rf WKe QaWXUaOLVWLc cRQWURO gURXS ZeUe aOORZed WR fXOfLOO WKe cULWeULa fRU 

a PeQWaO dLVRUdeU ZLWK WKe e[ceSWLRQ Rf WKe LQde[ dLagQRVeV.  

TKe fRXU gURXSV ZeUe PaWcKed UegaUdLQg geQdeU, age, aQd edXcaWLRQ \eaUV. AOO 

SaUWLcLSaQWV XQdeUZeQW VWUXcWXUed cOLQLcaO LQWeUYLeZV WR aVVeVV WKeLU dLagQRVeV (SCID-5-CV; 

BeeVdR-BaXP eW aO., 2019; FLUVW eW aO., 2016) aQd dLagQRVeV Rf WKeLU fLUVW-degUee UeOaWLYeV 

(FaPLO\ HLVWRU\ ScUeeQ; WeLVVPaQ eW aO., 2000). MRVW fUeTXeQW dLagQRVeV Rf WKe SaUWLcLSaQWV 

eQcRPSaVVed LQWeUQaOL]LQg dLVRUdeUV LQcOXdLQg deSUeVVLRQ (41.0%), VSecLfLc SKRbLa 

(31.4%), SAD (29.5%), OCD (25.6%), aQd VOeeS dLVRUdeUV (12.8%). SLPLOaUO\, SaUWLcLSaQWV 

ZLWK a faPLO\ KLVWRU\ Rf SV\cKRSaWKRORg\ PRVW fUeTXeQWO\ UeSRUWed LQWeUQaOL]LQg dLVRUdeUV 

affecWLQg aW OeaVW RQe fLUVW-degUee UeOaWLYe. TKe PRVW cRPPRQ LQWeUQaOL]LQg cRQdLWLRQV 

LQcOXded deSUeVVLRQ (45.5%), VSecLfLc SKRbLa (21.8%), SAD (13.5%), OCD VSecWUXP 

dLVRUdeUV VXcK aV WLc dLVRUdeU, VNLQ SLcNLQg, aQd KRaUdLQg beKaYLRU (11.5%), SaQLc dLVRUdeU 

(11.5%), aQd GAD (10.9%). APRQg e[WeUQaOL]LQg dLVRUdeUV, a faPLO\ KLVWRU\ Rf VXbVWaQce 

XVe dLVRUdeU ZaV WKe PRVW fUeTXeQWO\ UeSRUWed (22.4%). BaVed RQ WKe LQWeUQaOL]LQg cOLQLcaO 

dLagQRVeV Rf WKe SaUWLcLSaQWV aQd WKeLU faPLO\ ULVN fRU aQ LQWeUQaOL]LQg SV\cKRSaWKRORg\, 

WKeVe daWa aOORZed WR UecOaVVLf\ WKeP LQWR fRXU cOLQLcaO aQd faPLO\ ULVN gURXSV: cOLQLcaO 

SaUWLcLSaQWV ZLWK faPLO\ ULVN (n = 88) aQd ZLWKRXW faPLO\ ULVN (n = 34), aV ZeOO aV QRQcOLQLcaO 

SaUWLcLSaQWV ZLWK faPLO\ ULVN (n = 15) aQd ZLWKRXW faPLO\ ULVN (n = 19).  

AddLWLRQaOO\, V\PSWRP VeYeULW\ Rf eacK SaUWLcLSaQW ZaV PeaVXUed XVLQg a baWWeU\ Rf 

cOLQLcaO TXeVWLRQQaLUeV, LQcOXdLQg dLVRUdeU-VSecLfLc aQd WUaQVdLagQRVWLc TXeVWLRQQaLUeV. 

DLVRUdeU-VSecLfLc PeaVXUeV eQcRPSaVVed RbVeVVLYe-cRPSXOVLYe V\PSWRPV, PeaVXUed b\ 

https://osf.io/kxv5h


SXPPaU\ Rf SWXdLeV 
 

31 
 

WKe ObVeVVLYe-CRPSXOVLYe IQYeQWRU\ ReYLVed (OCI-R; FRa eW aO., 2002; G|QQeU eW aO., 

2007), VRcLaO SKRbLa V\PSWRPV b\ WKe VeOf-UeSRUW YeUVLRQ Rf WKe LLebRZLW] SRcLaO AQ[LeW\ 

ScaOe (LSAS-SR; LLebRZLW], 1987; SWaQgLeU & HeLdeQUeLcK, 2003), VSecLfLc SKRbLa 

V\PSWRPV b\ WKe SeYeULW\ MeaVXUe fRU SSecLfLc PKRbLa (SMSP; CUaVNe eW aO., 2013), aQd 

deSUeVVLRQ V\PSWRPV b\ WKe BecN DeSUeVVLRQ IQYeQWRU\ (BDI-II; BecN eW aO., 1996; 

HaXW]LQgeU eW aO., 2006). TUaQVdLagQRVWLc PeaVXUeV eQcRPSaVVed WUaLW ZRUU\, PeaVXUed b\ 

WKe PeQQ SWaWe WRUU\ QXeVWLRQQaLUe (PSWQ; GO|cNQeU-RLVW & RLVW, 2014; Me\eU eW aO., 

1990), WUaLW aURXVaO b\ WKe aQ[LRXV aURXVaO VXbVcaOe Rf WKe MRRd aQd AQ[LeW\ S\PSWRP 

QXeVWLRQQaLUe (MASQ-AA; WaWVRQ & COaUN, 1991; WaWVRQ eW aO., 1995), aQd WUaLW aQ[LeW\ 

b\ WKe UeVSecWLYe VXbVcaOe Rf WKe SWaWe-TUaLW-AQ[LeW\ IQYeQWRU\ (STAI-T; LaX[ eW aO., 1981; 

SSLeObeUgeU eW aO., 1970).  

TKe XWLOL]aWLRQ Rf RYeUOaSSLQg TXeVWLRQQaLUe baWWeULeV aQd WKe LdeQWLcaO WaVN fURP WKe 

fLUVW VWXd\ facLOLWaWed eYeQ PRUe SRZeUed aQaO\VeV ZLWKLQ a WUaQVdLagQRVWLc VaPSOe 

cRPSULVLQg 246 SaUWLcLSaQWV (n = 181 fePaOe) VSaQQLQg a bURad UaQge acURVV WKe V\PSWRP 

VeYeULW\ VSecWUXP (n = 136 cOLQLcaO, n = 110 QRQcOLQLcaO). TKe PRVW fUeTXeQW dLVRUdeUV ZeUe 

deSUeVVLRQ (42.9%), VSecLfLc SKRbLa (32.7%), SAD (29.5%), OCD (26.1%), aQd VOeeS 

dLVRUdeUV (12.8%). SWaWLVWLcaO aQaO\VeV LQYROYed F2-WeVWV, t-WeVWV, RQe-Za\ aV ZeOO aV PL[ed-

PeaVXUeV aQaO\VeV Rf YaULaQce (ANOVA) aQd aQaO\VeV Rf cRYaULaQce (ANCOVA), 

aORQgVLde PXOWLSOe OLQeaU UegUeVVLRQ PRdeOV. 

RHVXOWV. BRWK WKe dLagQRVWLc gURXSV aQd WKe UecOaVVLfLed cOLQLcaO aQd faPLO\ ULVN 

gURXSV VKRZed QR dLffeUeQceV LQ dePRgUaSKLc daWa. HRZeYeU, aV e[SecWed, dLffeUeQceV 

ePeUged UegaUdLQg cOLQLcaO V\PSWRPV aQd WKeLU VeYeULW\. TKe dLagQRVWLc gURXSV ZeUe eacK 

PRVW SURQRXQced LQ WKe dLVRUdeU-VSecLfLc V\PSWRPV. RegaUdLQg WKe WUaQVdLagQRVWLc aQ[LeW\ 

dLPeQVLRQV, WUaLW ZRUU\ aQd WUaLW aURXVaO ZeUe KLgKeVW LQ WKe OCD aQd SAD gURXS, RQ 

LQWeUPedLaWe OeYeOV LQ WKe PHOB gURXS, aQd ORZeVW LQ WKe CON gURXS. TUaLW aQ[LeW\, aV ZeOO 

aV deSUeVVLYe V\PSWRPV, ZeUe PRVW SURQRXQced LQ WKe OCD aQd SAD gURXSV, ZLWK WKe 

CON gURXS dLVSOa\LQg WKe VPaOOeVW PaQLfeVWaWLRQV, aQd WKe PHOB gURXS KaYLQg 

LQWeUPedLaWe V\PSWRP VeYeULW\. TKe UecOaVVLfLed cOLQLcaO aQd faPLO\ ULVN gURXSV VKRZed a 

cRQVLVWeQW SaWWeUQ LQ bRWK dLVRUdeU-VSecLfLc V\PSWRPV aQd WUaQVdLagQRVWLc aQ[LeW\ 

dLPeQVLRQV, VXcK WKaW UeSRUWed OeYeOV LQcUeaVed fURP QRQcOLQLcaO SaUWLcLSaQWV ZLWKRXW 

faPLO\ ULVN WR QRQcOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN, cOLQLcaO SaUWLcLSaQWV ZLWKRXW faPLO\ 

ULVN, aQd cOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN. 
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RegaUdLQg WKe ERPV, cRPSaULQg WKe dLagQRVWLc gURXSV UeYeaOed QR VLgQLfLcaQW 

dLffeUeQceV LQ ERN RU CRN (FLgXUe 6) aPRQg WKe cOLQLcaO gURXSV (OCD, SAD, PHOB) RU 

ZKeQ cRPSaUed ZLWK WKe QaWXUaOLVWLc cRQWURO gURXS (CON). HRZeYeU, afWeU cUeaWLQg a PRUe 

ULgRURXVO\ defLQed KeaOWK\ cRQWURO gURXS (HC), WKeUe ZeUe VPaOO WR PedLXP VL]ed WUeQd-

OeYeO VLgQLfLcaQW dLffeUeQceV LQ ERN aPSOLWXdeV, ZLWK PHOB SaUWLcLSaQWV e[KLbLWLQg OaUgeU 

aPSOLWXdeV cRPSaUed WR HC SaUWLcLSaQWV. MRUeRYeU, cOLQLcaO SaUWLcLSaQWV ZLWK a OLfeWLPe 

KLVWRU\ Rf LQWeUQaOL]LQg dLVRUdeUV dLVSOa\ed VPaOO WR PedLXP VL]ed WUeQd-OeYeO VLgQLfLcaQW 

OaUgeU ERN aQd CRN aPSOLWXdeV cRPSaUed ZLWK WKRVe ZLWKRXW aQ\ SaVW RU SUeVeQW 

dLagQRVeV. SLPLOaUO\, ERN aQd CRN ZeUe OaUgeU LQ WKe faPLO\ ULVN gURXS cRPSaUed ZLWK 

WKe QR ULVN gURXS ZLWK a VPaOO WR PedLXP effecW VL]e (FLgXUe 7). HRZeYeU, SOeaVe QRWe WKaW 

WKeVe UeVXOWV Rf WKe cOLQLcaO aQd faPLO\ ULVN gURXSV dLffeUed acURVV ERP VcRULQg VWUaWegLeV, 

ZLWK VRPe Rf WKeP QRW UeacKLQg VWaWLVWLcaO VLgQLfLcaQce. DLPeQVLRQaO aQaO\VeV dLd QRW UeYeaO 

a geQeUaO aVVRcLaWLRQ beWZeeQ WUaLW ZRUU\ aQd ERN RU CRN, UeVSecWLYeO\. IQVWead, geQdeU 

ePeUged aV a PRdeUaWLQg facWRU LQ WKLV UeOaWLRQVKLS, ZLWK a VPaOO cRUUeOaWLRQ Rf WUaLW ZRUU\ 

ZLWK OaUgeU ERN aQd CRN aPSOLWXdeV LQ ZRPeQ bXW QRW LQ PeQ (FLgXUe 8). 

 
 
Figure 6. Response-locked grand-averaged waveforms of erroneous (A) and correct trials (B) of 
each group. OCD = Obsessive-Compulsive Disorder; SAD = Social Anxiety Disorder; PHOB = 
Specific Phobia; CON = Control Group. Corresponding topographic head maps (mean activity 0 ± 
100 ms) of the ERN (C) and CRN (D). ERN = error-related negativity; CRN = correct-response 
negativity. N = 156. Figure from Härpfer et al. (in revision).  
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Figure 7. Response-locked grand-averaged waveforms of correct and erroneous trials for 
participants with or without a clinical status of an internalizing disorder (A) as well as for 
participants with or without a family risk for internalizing psychopathology (B). Corresponding 
topographic head maps (mean activity 0 ± 100 ms) of the ERN (C) and CRN (D). ERN = error-
related negativity; CRN = correct-response negativity. N = 156. Figure from Härpfer et al. (in 
revision). 

 

 
 
Figure 8. Gender moderating the link between trait worry and (A) ERN as well as (B) CRN. ERN 
= error-related negativity; CRN = correct-response negativity. PSWQ = Penn State Worry 
Questionnaire. N = 246. Figure from Härpfer et al. (in revision).  
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AGGLWLRQDO AQDO\VHV. ReVXOWV Rf addLWLRQaO aQaO\VeV, QRW LQcOXded LQ WKe PaLQ 

SXbOLcaWLRQ, aUe deWaLOed LQ ASSeQdL[ A2. TR WeVW fRU WKe VSecLfLcLW\ Rf WKe PaLQ 

LQYeVWLgaWLRQV, SRWeQWLaO dLffeUeQceV beWZeeQ WKe dLagQRVWLc gURXSV UegaUdLQg WKe Pe ZeUe 

e[SORUed LQ WKe fLUVW aQaO\VeV. NRQe Rf WKe aQaO\VeV UeYeaOed VLgQLfLcaQW dLffeUeQceV beWZeeQ 

WKe dLagQRVWLc gURXSV (TabOe A2.1), QRU ZKeQ XWLOL]LQg a VWULcWO\ defLQed KeaOWK\ cRQWURO 

gURXS (TabOe A2.2). TKe VecRQd aQaO\VeV fRcXVed RQ WKe UROe Rf cOLQLcaO VWaWXV aQd faPLO\ 

ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\ (TabOe A2.3). TKeUe ZaV a VLgQLfLcaQW LQWeUacWLRQ 

effecW Rf cOLQLcaO VWaWXV aQd faPLO\ ULVN RQ WKe eaUO\ Pe ZLWK fROORZ-XS aQaO\VeV LQdLcaWLQg 

VPaOOeU aPSOLWXdeV fRU QRQcOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN cRPSaUed ZLWK WKRVe 

ZLWKRXW faPLO\ ULVN. RegaUdLQg WKe aVVRcLaWLRQV Rf WKe aQ[LeW\ dLPeQVLRQV aQd WKe Pe, 

QeLWKeU WUaLW ZRUU\ QRU WUaLW aURXVaO ZeUe VLgQLfLcaQW SUedLcWRUV ZKeQ eQWeUed VLPXOWaQeRXVO\ 

(TabOe A2.4). HRZeYeU, ZKeQ VROeO\ fRcXVLQg RQ WUaLW ZRUU\, bRWK eaUO\ aQd OaWe Pe ZeUe 

VPaOOeU ZLWK LQcUeaVLQg OeYeOV Rf WUaLW ZRUU\ (TabOe A2.5). 

DLVFXVVLRQ. ReVXOWV UeYeaOed WUeQd-OeYeO VLgQLfLcaQW dLffeUeQceV SRLQWLQg WR OaUgeU 

ERN aPSOLWXdeV LQ deU PHOB cRPSaUed ZLWK WKe PRUe VWULcWO\ defLQed HC gURXS, ZKLcK 

VXggeVWV SRVVLbOe dLVRUdeU-VSecLfLc aVVRcLaWLRQV. TKLV LV SaUWLcXOaUO\ LQWeUeVWLQg, gLYeQ WKaW 

VSecLfLc SKRbLa LV WUadLWLRQaOO\ VeeQ aV beLQg PRVWO\ aVVRcLaWed ZLWK feaU aQd SK\VLcaO 

V\PSWRPV, aQd WKXV, KaV QRW beeQ OLQNed WR aQ eQKaQced ERN (HaMcaN eW aO., 2003; MRVeU 

eW aO., 2005). CKaOOeQgLQg WKe QRWLRQ Rf dLVRUdeU-VSecLfLc aVVRcLaWLRQV Rf WKe ERN, 

cRPSaULVRQV Rf WKe OCD, SAD, aQd PHOB gURXS agaLQVW WKe PRUe cRQVeUYaWLYe QaWXUaOLVWLc 

CON gURXS dLd QRW \LeOd VLgQLfLcaQW dLffeUeQceV. SLPLOaUO\, ZKeQ RPLWWLQg dLVRUdeU-VSecLfLc 

gURXSV aQd LQWegUaWLQg WKeP LQWR a bURadeU VSecWUXP Rf LQWeUQaOL]LQg dLVRUdeUV (e.g., aQ[LeW\ 

dLVRUdeUV, RbVeVVLYe-cRPSXOVLYe dLVRUdeUV, deSUeVVLRQ, eaWLQg dLVRUdeUV eWc.), SaUWLcLSaQWV 

ZLWK a OLfeWLPe LQWeUQaOL]LQg dLVRUdeU VKRZed a WUeQd-OeYeO LQcUeaVed ERN aQd CRN 

cRPSaUed WR WKRVe ZLWKRXW aQ\ cXUUeQW RU SaVW dLagQRVeV. TKLV VXSSRUWV WKe SeUVSecWLYe WKaW 

bRWK aQ eQKaQced ERN aQd CRN Pa\ VeUYe aV bURadeU QeXUaO ULVN PaUNeUV acURVV WKe 

LQWeUQaOL]LQg VSecWUXP (PaVLRQ & BaUbRVa, 2019), UaWKeU WKaQ beLQg VSecLfLc WR ceUWaLQ 

dLVRUdeU caWegRULeV ZLWKLQ WKLV VSecWUXP. RegaUdLQg WKe Pe, QR VLgQLfLcaQW aVVRcLaWLRQV ZeUe 

fRXQd. 

IQ addLWLRQ WR cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQg dLVRUdeU, faPLO\ ULVN fRU LQWeUQaOL]LQg 

SV\cKRSaWKRORg\ ZaV LdeQWLfLed aV beLQg aVVRcLaWed ZLWK KeLgKWeQed ERN aQd CRN 

aPSOLWXdeV (CaUUaVcR, HaUbLQ, eW aO., 2013; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 2019). 
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IQWeUeVWLQgO\, WKeVe facWRUV dLd QRW e[KLbLW aQ addLWLYe effecW, bXW UaWKeU LQdeSeQdeQWO\ 

accRXQWed fRU YaULaQce LQ ERN aQd CRN. TKLV LV a QeZ fLQdLQg VLQce SUeYLRXV VWXdLeV dLd 

QRW VLPXOWaQeRXVO\ e[aPLQe WKe SRWeQWLaO LQfOXeQce Rf aQ LQdLYLdXaO¶V cOLQLcaO VWaWXV aV ZeOO 

aV WKeLU faPLO\ ULVN. CRQVeTXeQWO\, ZKLOe VRPe LQdLYLdXaOV (L.e., WKRVe ZLWK faPLOLaO ULVN) 

Pa\ KaYe LQKeULWed aQ eQKaQced ERN RU CRN, SUedLVSRVLQg WKeP WR cOLQLcaO aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe V\PSWRPV, RWKeUV (L.e., WKRVe ZLWKRXW faPLOLaO ULVN) Pa\ KaYe 

deYeORSed LQcUeaVed aPSOLWXdeV dXe WR RWKeU LQfOXeQceV (e.g., WePSeUaPeQW, SaUeQWLQg VW\Oe), 

caUU\LQg a cRPSaUabOe ULVN fRU cOLQLcaO V\PSWRP deYeORSPeQW. AQRWKeU QeZ fLQdLQg LV WKaW 

WKe eaUO\ Pe ZaV UedXced LQ LQdLYLdXaOV ZLWK faPLO\ ULVN bXW dLd QRW dLffeU beWZeeQ WKRVe 

ZLWK RU ZLWKRXW aQ LQWeUQaOL]LQg dLVRUdeU. HRZeYeU, VLQce WKe fXQcWLRQaO UROe Rf WKe Pe LV 

OeVV cOeaU, ZLWK VRPe aUgXLQg LW UeSUeVeQWV aQ LQdLcaWRU Rf eUURU aZaUeQeVV (EQdUaVV eW aO., 

2007; OYeUbeeN eW aO., 2005; WeVVeO, 2012), fXWXUe UeVeaUcK LV Qeeded WR fLUVWO\, UeSOLcaWe 

WKLV fLQdLQg, aQd VecRQdO\, e[aPLQe WKe SRWeQWLaO XQdeUO\LQg PecKaQLVP Rf WKLV SRWeQWLaO 

WUaQVgeQeUaWLRQaO WUaQVPLVVLRQ. 

RegaUdLQg WKe UROe Rf WUaQVdLagQRVWLc aQ[LeW\ dLPeQVLRQV, WUaLW ZRUU\ bXW QRW WUaLW 

aURXVaO (LLQ eW aO., 2015; MRUaQ eW aO., 2012; MRVeU eW aO., 2012; WeLQbeUg eW aO., 2010), ZaV 

fRXQd WR be aVVRcLaWed ZLWK eQKaQced ERN aQd CRN aPSOLWXdeV (MRVeU eW aO., 2013; 

SaXQdeUV & IQ]OLcKW, 2020), SaUWLcXOaUO\ LQ ZRPeQ (LLQ eW aO., 2015; MRUaQ eW aO., 2012; 

MRVeU eW aO., 2012; MRVeU eW aO., 2016). TKLV fLQdLQg KLgKOLgKWV WKe SRWeQWLaO Rf a 

WUaQVdLagQRVWLc SeUVSecWLYe RQ bUaLQ acWLYLW\ WR XQcRYeU PRUe SUecLVe aVVRcLaWLRQV beWZeeQ 

SV\cKRORgLcaO aQd SK\VLRORgLcaO PeaVXUeV, WKaW aUe OLNeO\ RYeUVKadRZed ZKeQ XWLOL]LQg 

KeWeURgeQeRXV aQd SRVVLbO\ aUWLfLcLaO dLVRUdeU caWegRULeV (CXWKbeUW, 2014; IQVeO eW aO., 2010; 

KR]aN & CXWKbeUW, 2016; SKaUS eW aO., 2015). FRU WKe eaUO\ Pe, WKe RSSRVLWe dLUecWLRQ Rf 

effecWV Rf WUaLW ZRUU\ ZeUe fRXQd, VXggeVWLQg decUeaVLQg cRQVcLRXV SURceVVLQg Rf eUURUV LQ 

LQdLYLdXaOV ZLWK a WeQdeQc\ WR SeUVLVWeQW ZRUULeV. TKLV PLgKW be aQ LQdLcaWRU Rf WKe 

dLVWUacWLQg effecWV Rf ZRUULeV RQ ZRUNLQg PePRU\ caSacLW\ (MRVeU eW aO., 2013; ScKURdeU eW 

aO., 2018) RU aYRLdaQce PRWLYaWLRQ.  

CRQFOXVLRQ. OYeUaOO, WKe VecRQd VWXd\ VXSSRUWV WKe UROe Rf aQ eQKaQced ERN aV 

ZeOO aV CRN aV dLVSRVLWLRQaO PaUNeUV Rf YXOQeUabLOLW\ fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\, 

SRWeQWLaOO\ LQfOXeQced b\ PXOWLSOe PRdeUaWRUV VXcK aV faPLO\ ULVN aQd geQdeU LQ WKe 

eWLRSaWKRgeQeVLV Rf cOLQLcaO V\PSWRPV aQd WKeLU SRWeQWLaO XQdeUO\LQg dLPeQVLRQV, VXcK aV 

WUaLW ZRUU\. HRZeYeU, WKLV ZaV a cURVV-VecWLRQaO UeVeaUcK deVLgQ, PRVW Rf WKe effecWV ZeUe 
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Rf VPaOO WR PedLXP VL]e, aQd VRPe Rf WKeP ZeUe RQO\ WUeQd-OeYeO VLgQLfLcaQW, ZaUUaQWLQg 

fXUWKeU UeSOLcaWLRQ LQ fXWXUe aQd SUefeUabO\ SURVSecWLYe VWXdLeV. FXUWKeUPRUe, WKe 

LQWeUQaOL]LQg VSecWUXP ZaV QRW fXOO\ UeSUeVeQWed, OLPLWed WR WKe LQde[ dLagQRVeV LQcOXdLQg 

deSUeVVLRQ, VSecLfLc SKRbLa, SAD, OCD, aQd VOeeS dLVRUdeUV. 

3.3 SWXG\ 3: TUDQVODWLQJ RLVN LQWR IQWHUQDOL]LQJ PV\FKRSDWKRORJ\  

CLWDWLRQ. RLeVeO, A., HlUSfeU, K., KaWKPaQQ, N., & KOaZRKQ, J. (2021). IQ WKe face 

Rf SRWeQWLaO KaUP: TKe SUedLcWLYe YaOLdLW\ Rf QeXUaO cRUUeOaWeV Rf SeUfRUPaQce PRQLWRULQg 

fRU SeUceLYed ULVN, VWUeVV, aQd LQWeUQaOL]LQg SV\cKRSaWKRORg\ dXULQg WKe COVID-19 

SaQdePLc. Biological Ps\chiatr\: Global Open Science, 1(4), 300-309. 

KWWSV://dRL.RUg/10.1016/M.bSVgRV. 2021.08.004 

OEMHFWLYH. A VXbVWaQWLaO bRd\ Rf OLWeUaWXUe KaV LdeQWLfLed aQ LQcUeaVed ERN aV a 

QeXUaO ULVN PaUNeU SUedLVSRVLQg LQdLYLdXaOV WR LQWeUQaOL]LQg SV\cKRSaWKRORg\ (PaVLRQ & 

BaUbRVa, 2019). HRZeYeU, WKe PecKaQLVPV XQdeUO\LQg KRZ aQ eOeYaWed ERN, LQdLcaWLYe Rf 

YXOQeUabLOLW\, WUaQVOaWeV LQWR cOLQLcaO cRQdLWLRQV UePaLQ OeVV eOXcLdaWed, ZLWK RQO\ feZ 

SURVSecWLYe LQYeVWLgaWLRQV deOYLQg LQWR WKeVe SaWKZa\V (LaKaW eW aO., 2014; Me\eU, HaMcaN, 

eW aO., 2015; Me\eU eW aO., 2021; Me\eU, NeOVRQ, eW aO., 2018). TKe dLaWKeVLV-VWUeVV PRdeO 

XQdeUVcRUeV WKe SLYRWaO UROe Rf VWUeVV aV a caWaO\VW LQ WKe WUaQVLWLRQ fURP YXOQeUabLOLW\ WR WKe 

RQVeW Rf cOLQLcaO V\PSWRPV (BaQLca eW aO., 2020; Me\eU, 2017; WeLQbeUg eW aO., 2022). TKe 

KLVWRULc eYeQW Rf WKe COVID-19 SaQdePLc SURYLded a XQLTXe UeVeaUcK eQYLURQPeQW WR WeVW 

WKe K\SRWKeVLV WKaW a PaMRU UeaO-OLfe VWUeVVRU, ZLWK SRWeQWLaOO\ XQSUedLcWabOe QegaWLYe 

cRQVeTXeQceV fRU RQe¶V SeUVRQaO KeaOWK, PLgKW facLOLWaWe WKe deYeORSPeQW Rf LQWeUQaOL]LQg 

SV\cKRSaWKRORg\ LQ LQdLYLdXaOV aW ULVN, SaUWLcXOaUO\ WKRVe ZKR e[KLbLW aQ eQKaQced ERN 

UefOecWLQg KeLgKWeQed WKUeaW VeQVLWLYLW\. TKXV, WKLV WKLUd VWXd\ VRXgKW WR e[SORUe WKe 

SUedLcWLYe YaOXe Rf WKe SUe-SaQdePLc ERN RQ WKe VXbVeTXeQW ULVN SeUceSWLRQ, VeOf-UeSRUWed 

VWUeVV, aQd LQWeUQaOL]LQg V\PSWRPV dXULQg WKe LQLWLaO SKaVe afWeU WKe RXWbUeaN Rf WKe 

SaQdePLc.  

MHWKRG. TKLV WKLUd SURVSecWLYe ORQgLWXdLQaO VWXd\ ZaV UaWKeU e[SORUaWLYe LQ QaWXUe 

aQd VWURQgO\ LQfOXeQced b\ WKe RXWbUeaN Rf WKe COVID-19 SaQdePLc. A cRKRUW cRPSULVLQg 

317 cRQWURO SaUWLcLSaQWV fURP WKUee SUeYLRXV EEG VWXdLeV (HlUSfeU eW aO., 2020; KOaZRKQ, 

HaMcaN, eW aO., 2020; RLeVeO, KOaZRKQ, eW aO., 2019) ZeUe LQYLWed WR SaUWLcLSaWe LQ a 

VXbVeTXeQW fROORZ-XS VWXd\ dXULQg WKe LQLWLaO SKaVe Rf WKe SaQdePLc fURP FebUXaU\ XQWLO 

Ma\ 2020. UOWLPaWeO\, WKe fLQaO VaPSOe cRQVLVWed Rf 113 LQdLYLdXaOV (n = 71 fePaOe), aged 
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20 WR 63 \eaUV, ZKRVe EEG daWa ZeUe UecRUded dXULQg a fOaQNeU WaVN beWZeeQ 0.83 aQd 5.38 

\eaUV befRUe WKe SaQdePLc, SaUWLcLSaWed LQ WKe SUeVeQW fROORZ-XS VWXd\. IQ addLWLRQ WR EEG 

daWa, aQ[LeW\, deSUeVVLRQ, aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV ZeUe PeaVXUed aW WKe 

baVeOLQe aVVeVVPeQW SUecedLQg WKe SaQdePLc. ObVeVVLYe-cRPSXOVLYe V\PSWRPV ZeUe 

PeaVXUed b\ WKe ObVeVVLYe-CRPSXOVLYe IQYeQWRU\ ReYLVed (OCI-R; FRa eW aO., 2002; 

G|QQeU eW aO., 2007), deSUeVVLRQ V\PSWRPV b\ WKe BecN DeSUeVVLRQ IQYeQWRU\ (BDI-II; 

BecN eW aO., 1996; HaXW]LQgeU eW aO., 2006). aQd WUaLW aQ[LeW\ b\ WKe UeVSecWLYe VXbVcaOe Rf 

WKe SWaWe-TUaLW-AQ[LeW\ IQYeQWRU\ (STAI-T; LaX[ eW aO., 1981; SSLeObeUgeU eW aO., 1970). 

SXbVeTXeQWO\, WKeVe PeaVXUeV aORQgVLde PeaVXUeV Rf VWUeVV SeUceSWLRQ aQd WKe SeUceLYed 

ULVN fRU a VeYeUe COVID-19 LQfecWLRQ ZeUe UeadPLQLVWeUed dXULQg WKe LQLWLaO SKaVe Rf WKe 

COVID-19 SaQdePLc LQ WKe fROORZ-XS. A VWUXcWXUed cOLQLcaO LQWeUYLeZ fRU DSM-IV 

(WLWWcKeQ eW aO., 1997) ZaV aOVR cRQdXcWed WR aVVeVV WKe SRWeQWLaO RQVeW Rf PeQWaO dLVRUdeUV. 

PaUWLcLSaQWV WKaW fXOO\ cRPSOeWed WKe fROORZ-XS SKaVe dLd QRW dLffeU UegaUdLQg dePRgUaSKLc 

RU cOLQLcaO cKaUacWeULVWLcV cRPSaUed WR WKRVe WKaW dLd QRW, QRU dLd WKe\ dLffeU UegaUdLQg ERN 

aQd CRN aPSOLWXdeV. AddLWLRQaOO\, QR VLgQLfLcaQW dLffeUeQceV UegaUdLQg ERPV ZeUe 

RbVeUYed beWZeeQ WKe WKUee RULgLQaO VWXdLeV. SWaWLVWLcaO aQaO\VeV LQYROYed F2-WeVWV, t-WeVWV, 

RQe-Za\ aQaO\VeV Rf YaULaQce (ANOVA), aORQgVLde VLPSOe aQd VeULaO PedLaWLRQ PRdeOV. 

RHVXOWV. COLQLcaO LQWeUYLeZV UeYeaOed WKaW RQO\ a PLQRULW\ Rf SaUWLcLSaQWV VKRZed a 

fLUVW RQVeW Rf a dLVRUdeU afWeU WKe baVeOLQe aVVeVVPeQW, LQcOXdLQg deSUeVVLRQ (n = 9), 

agRUaSKRbLa (n = 3), SRVWWUaXPaWLc VWUeVV dLVRUdeU (n = 2), aQd SaQLc dLVRUdeU (n = 1). DXe 

WR WKe OLPLWed fUeTXeQc\ Rf WKeVe fLUVW-RQVeW dLVRUdeUV, caWegRULcaO aQaO\VeV UegaUdLQg 

cOLQLcaO dLagQRVeV ZeUe QRW cRQdXcWed. FXUWKeUPRUe, WKeUe ZaV QR RYeUaOO LQcUeaVe LQ 

aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, RU deSUeVVLYe V\PSWRPV fURP baVeOLQe WR fROORZ-XS 

aVVeVVPeQWV. HRZeYeU, WKe cRQdXcWed PedLaWLRQ PRdeOV XQcRYeUed dLffeUeQWLaO SaWKZa\V 

fURP ERPV WR LQWeUQaOL]LQg V\PSWRPV beWZeeQ LQdLYLdXaOV.  

TKe VLPSOe PedLaWLRQ PRdeO UeYeaOed WKaW QeLWKeU SUe-SaQdePLc ERN QRU CRN 

ZeUe dLUecWO\ OLQNed WR VWUeVV SeUceSWLRQ dXULQg WKe SaQdePLc. IQVWead, SeUceLYed (bXW QRW 

RbMecWLYe) COVID-19 ULVN PedLaWed WKe LQdLUecW effecW. SSecLfLcaOO\, aQ LQcUeaVed ERN aQd 

CRN ZeUe aVVRcLaWed ZLWK gUeaWeU VWUeVV SeUceSWLRQ WKURXgK KLgKeU SeUceLYed ULVN. 

IQdLYLdXaOV ZLWK KeLgKWeQed QeXUaO SeUfRUPaQce PRQLWRULQg UeSRUWed KLgKeU OeYeOV Rf 

SeUceLYed ULVN fRU a COVID-19 LQfecWLRQ aQd a VeYeUe cRXUVe, ZKLcK LQ WXUQ, ZaV aVVRcLaWed 

ZLWK eOeYaWed VWUeVV OeYeOV. AddLWLRQaOO\, WKe VeULaO PedLaWLRQ PRdeO dePRQVWUaWed aQ 
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LQdLUecW effecW Rf aQ eOeYaWed ERN aQd CRN RQ LQWeUQaOL]LQg V\PSWRPV, PedLaWed b\ 

KeLgKWeQed SeUceLYed ULVN aQd LQcUeaVed VWUeVV SeUceSWLRQ (FLgXUe 9). TKeVe PedLaWLRQV 

ZeUe aOVR eYLdeQW fRU aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, aQd deSUeVVLYe V\PSWRPV, ZKeQ 

cRQWUROOLQg fRU WKe UeVSecWLYe baVeOLQe V\PSWRP VeYeULWLeV, aQd ZeUe VSecLfLc WR ERN aQd 

CRN, aV QR VLgQLfLcaQW PedLaWLQg effecWV ZeUe RbVeUYed fRU WKe UeVSRQVe-ORcNed Pe (QeXUaO 

LQde[ Rf eUURU aZaUeQeVV) aQd VWLPXOXV-ORcNed N2 (QeXUaO LQde[ Rf UeVSRQVe LQKLbLWLRQ).  

 

 

Figure 9. Serial mediation model examining the pre-pandemic ERN (baseline) as a predictor of 
anxiety symptoms during the pandemic (follow-up), with perceived COVID-19 risk and stress as 
mediators. The mediation model is controlled for STAI-T at baseline and time difference between 
baseline and follow-up. ERN = error-related negativity; SCI = Stress and Coping Inventory; STAI-
T = Spielberger State-Trait Anxiety Inventory (trait anxiety). Asterisks indicate significance level: 
* p < .05. N = 113. Figure adapted from Riesel et al. (2021). 

 

AGGLWLRQDO AQDO\VHV. ReVXOWV Rf addLWLRQaO aQaO\VeV, QRW LQcOXded LQ WKe PaLQ 

SXbOLcaWLRQ, aUe deWaLOed LQ ASSeQdL[ A3. TR LQYeVWLgaWe WKe SUedLcWLYe YaOXe Rf ERPV 

UegaUdLQg WKe RQVeW Rf SV\cKRSaWKRORg\, Ze cRPSaUed WKRVe SaUWLcLSaQWV ZLWK a fLUVW RQVeW 

Rf aQ LQWeUQaOL]LQg dLVRUdeU afWeU WKe baVeOLQe aVVeVVPeQW ZLWK WKRVe ZLWKRXW a OLfeWLPe 

KLVWRU\ Rf SV\cKRSaWKRORg\ (TabOe A3.1). NeLWKeU ERN, CRN, Pe, QRU N2 dLffeUed beWZeeQ 

WKeVe gURXSV. HRZeYeU, SOeaVe QRWe, dLagQRVeV ZeUe aVVeVVed UeWURVSecWLYeO\, RQO\ aW WKe 

fROORZ-XS aVVeVVePeQW.  

DLVFXVVLRQ. TKe COVID-19 SaQdePLc SURYLded a XQLTXe RSSRUWXQLW\ WR LQYeVWLgaWe 

KRZ QeXUaO PaUNeUV Rf YXOQeUabLOLW\ WUaQVOaWe LQWR LQWeUQaOL]LQg V\PSWRPV XQdeU UeaO-OLfe 

cRQdLWLRQV. FLQdLQgV fURP WKLV WKLUd VWXd\ XQeTXLYRcaOO\ dePRQVWUaWe WKaW a UeaO-OLfe 

VWUeVVRU (BaQLca eW aO., 2020; Me\eU, 2017), VXcK aV a SaQdePLc, dReV QRW XQLfRUPO\ LPSacW 

aOO LQdLYLdXaOV, bXW UaWKeU VeOecWLYeO\ affecWV WKRVe PRVW YXOQeUabOe aQd aW ULVN (WeLQbeUg eW 
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aO., 2022). TKe VWXd\ aOVR XQdeUVcRUeV WKe cRQceSWXaOL]aWLRQ Rf SeUfRUPaQce PRQLWRULQg 

UeOaWed ERPV aV QeXUaO LQdLceV Rf WKUeaW VeQVLWLYLW\ (HaMcaN & FRWL, 2008; HeffeU & 

WLOORXgKb\, 2021; PURXdfLW eW aO., 2013; WeLQbeUg eW aO., 2016; WeLQbeUg eW aO., 2012): 

IQWeULQdLYLdXaO YaULaWLRQV LQ ERN aQd CRN, bXW QRW Pe RU N2, aSSeaU cORVeO\ OLQNed WR ULVN 

SeUceSWLRQ. RLVN SeUceSWLRQ, LQ WXUQ, ePeUgeV aV a SRWeQWLaO PedLaWLQg facWRU e[SOaLQLQg ZK\ 

LQdLYLdXaOV ZLWK KeLgKWeQed ERN aUe PRUe SURQe WR VWUeVV, a QeZ fLQdLQg ZaUUaQWLQg 

UeSOLcaWLRQ WR fXUWKeU WeVW WKLV K\SRWKeVLV.  

MRUeRYeU, WKLV VWXd\ dePRQVWUaWeV WKe SUedLcWLYe XWLOLW\ Rf WKe ERN aQd CRN fRU 

LQWeUQaOL]LQg SV\cKRSaWKRORg\ abRYe aQd be\RQd SUee[LVWLQg V\PSWRPV (LaKaW eW aO., 2014; 

Me\eU, HaMcaN, eW aO., 2015; Me\eU eW aO., 2021; Me\eU, NeOVRQ, eW aO., 2018). IPSRUWaQWO\, 

WKeVe LQdLUecW effecWV PedLaWed b\ ULVN aQd VWUeVV SeUceSWLRQ e[WeQd be\RQd eUURU-VSecLfLc 

SURceVVeV WR eQcRPSaVV bURadeU faceWV Rf geQeUaO SeUfRUPaQce PRQLWRULQg. HRZeYeU, dLUecW 

OLQNV beWZeeQ ERN/CRN aQd LQWeUQaOL]LQg V\PSWRPV ZLWKLQ WKLV PaLQO\ QRQcOLQLcaO 

VaPSOe ZeUe QRW dLVceUQed, SRLQWLQg WR WKe SLYRWaO UROe Rf cOLQLcaO VWaWXV aV a OLNeO\ 

PRdeUaWRU (SaXQdeUV & IQ]OLcKW, 2020). CULWLcaOO\, LW LV QRWed WKaW WKe UeVeaUcK deVLgQ OacNed 

SURVSecWLYe aVVeVVPeQW LQ aOO SaWKV Rf WKe PedLaWLRQ PRdeOV, aV ULVN aQd VWUeVV SeUceSWLRQ, 

aORQg ZLWK LQWeUQaOL]LQg V\PSWRPV, ZeUe PeaVXUed cRQcXUUeQWO\ dXULQg WKe SaQdePLc aQd 

cOLQLcaO dLagQRVeV ZeUe aVVeVVed UeWURVSecWLYeO\.  

CRQFOXVLRQ. TKe fLQdLQgV Rf WKLV VWXd\ QRW RQO\ deWaLO WUaMecWRULeV fURP LQcUeaVed 

QeXUaO SeUfRUPaQce PRQLWRULQg WR LQWeUQaOL]LQg V\PSWRPV, WKe\ aOVR KLgKOLgKW SRVVLbOe 

XQdeUO\LQg PecKaQLVPV LQcOXdLQg ULVN SeUceSWLRQ aQd VWUeVV. AV WKLV VWXd\ ZaV gXLded b\ 

aQ e[SORUaWLYe QaWXUe, WKLV PecKaQLVP caQ be a YaOXabOe K\SRWKeVLV WR be WeVWed LQ fXWXUe 

UeVeaUcK. AddLWLRQaOO\, WKLV VWXd\ aOVR XQYeLOed cRPSeOOLQg QeZ WaUgeWV fRU WaLORUed 

LQWeUYeQWLRQV: AddUeVVLQg dLVSRVLWLRQaO YXOQeUabLOLW\ b\ PRdXOaWLQg QeXUaO SeUfRUPaQce 

PRQLWRULQg, aORQg ZLWK VWUaWegLeV WR PLWLgaWe ULVN SeUceSWLRQ aQd eQKaQce VWUeVV 

PaQagePeQW, PLgKW be a SURPLVLQg aSSURacK LQ SUeYeQWLQg WKe e[aceUbaWLRQ Rf 

LQWeUQaOL]LQg V\PSWRPV dXULQg VWUeVVfXO SeULRdV fRU LQdLYLdXaOV aW ULVN. 
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4. GHQHUDO DLVFXVVLRQ 

4.1 SXPPDU\ RI FLQGLQJV 

EPSOR\LQg cURVV-VecWLRQaO, UaQdRPL]ed-cRQWUROOed, aQd SURVSecWLYe VWXd\ deVLgQV, 

WKLV dLVVeUWaWLRQ VRXgKW WR eOXcLdaWe WKe UROe Rf eUURU-UeOaWed bUaLQ acWLYLW\ LQ WKe 

SaWKRSK\VLRORg\ Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. MRUe SUecLVeO\, WKLV 

UeVeaUcK eQdeaYRU aLPed aW dLVeQWaQgOLQg WUaLW aQd VWaWe LQfOXeQceV RQ WKe ERN, e[SORULQg 

LWV aVVRcLaWLRQV ZLWK WUaQVdLagQRVWLc V\PSWRP dLPeQVLRQV acURVV bRXQdaULeV Rf WUadLWLRQaO 

dLagQRVWLc caWegRULeV, aQd LQYeVWLgaWLQg SRWeQWLaO PRdeUaWRUV aQd PedLaWRUV WKaW PLgKW 

WUaQVOaWe QeXUaO YXOQeUabLOLW\ LQWR SV\cKRSaWKRORg\, aOWRgeWKeU ZKLOe dePRQVWUaWLQg WKe 

SRWeQWLaO VSecLfLcLW\ Rf WKe cRUUeVSRQdLQg bUaLQ SRWeQWLaOV. 

IQ VWXd\ 1 (HlUSfeU eW aO., 2022), e[SeULPeQWaO PaQLSXOaWLRQV Rf VWaWe ZRUU\ dLd QRW 

LQfOXeQce WKe PagQLWXde Rf WKe ERN aQd CRN, VXggeVWLQg WKaW LQWUaLQdLYLdXaO YaULabLOLW\ 

LQ WKe ERN aQd CRN aUe QRW a cRUUeOaWe Rf VLWXaWLRQaO ZRUULeV. IQVWead, VWXd\ 1 aQd 2 

(HlUSfeU eW aO., LQ UeYLVLRQ; HlUSfeU eW aO., 2022) LdeQWLfLed LQWeULQdLYLdXaO dLffeUeQceV Rf 

WUaLW ZRUU\ ± a WUaLW cKaUacWeUL]ed b\ a KLgKeU SURSeQVLW\ WR ZRUULVRPe UXPLQaWLRQ ± aV aQ 

XQdeUO\LQg WUaQVdLagQRVWLc WUaLW dLPeQVLRQ cURVV-VecWLRQaOO\ OLQNed WR bRWK ERN aQd CRN 

YaULaWLRQV, ZKLOe WKLV OLQN ZaV QRW RbVeUYed fRU WUaLW aURXVaO ± aQ LQdLYLdXaO¶V WeQdeQc\ WR 

UeVSRQd ZLWK KeLgKWeQed aURXVaO aQd VRPaWLc WeQVLRQ WR eYeQ PLOd VWUeVVRUV. MRUeRYeU, 

UeVXOWV LPSO\ WKaW aQ LQcUeaVed ERN aQd CRN aUe QRW VSecLfLc WR SaUWLcXOaU dLVRUdeU W\SeV 

bXW UaWKeU WR bURadeU caWegRULeV VXcK aV cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQg dLVRUdeU (WUeQd-

OeYeO VLgQLfLcaQW effecW) aQd faPLO\ ULVN fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\. TRgeWKeU, WKeVe 

fLQdLQgV XQdeUVcRUe WKe WUaLW-OLNe QaWXUe Rf WKe aVVRcLaWLRQ (L.e., WUaLW ZRUU\) ZLWK 

eOecWURSK\VLRORgLcaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg, ZKLOe QR eYLdeQce ZaV fRXQd fRU 

a OLQN ZLWK VWaWe-aVVRcLaWed YaULabLOLW\ (L.e., VWaWe ZRUU\). RegaUdLQg dLffeUeQWLaO aVVRcLaWLRQV 

ZLWK LQWeUQaOL]LQg SV\cKRSaWKRORg\, geQdeU ePeUged aV a PRdeUaWRU Rf WKe cURVV-VecWLRQaO 

OLQN beWZeeQ ERN/CRN aQd WUaLW ZRUU\, VXcK WKaW OaUgeU aPSOLWXdeV aVVRcLaWed ZLWK 

LQcUeaVed OeYeOV Rf WUaLW ZRUU\ ZeUe RbVeUYed VSecLfLcaOO\ LQ ZRPeQ.  

AddLWLRQaOO\, WKe SURVSecWLYe UeVeaUcK deVLgQ Rf VWXd\ 3 (RLeVeO eW aO., 2021) 

dePRQVWUaWed WKaW bRWK aQ LQcUeaVed SUe-SaQdePLc ERN aQd CRN ZeUe LQdLUecWO\ OLQNed WR 

VWURQgeU aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, aQd deSUeVVLYe V\PSWRPV dXULQg WKe COVID-19 

SaQdePLc. TKLV effecW ZaV PedLaWed b\ ULVN SeUceSWLRQ aQd WKe UeSRUWed OeYeOV Rf VWUeVV. 

SSecLfLcaOO\, SaUWLcLSaQWV ZLWK aQ eQKaQced ERN aQd CRN e[KLbLWed KLgKeU OeYeOV Rf ULVN 
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SeUceSWLRQ UegaUdLQg aQ LQfecWLRQ aQd a VeYeUe cRXUVe Rf COVID-19. TKLV KeLgKWeQed ULVN 

SeUceSWLRQ ZaV aVVRcLaWed ZLWK LQcUeaVed VWUeVV OeYeOV, ZKLcK, LQ WXUQ, ZeUe OLQNed WR gUeaWeU 

LQWeUQaOL]LQg V\PSWRPV. AOWKRXgK WKeUe ZaV QR RYeUaOO LQcUeaVe LQ V\PSWRP VeYeULW\ LQ 

cRPSaULVRQ WR SUe-SaQdePLc OeYeOV ZKeQ cRPSaULQg WKe dLVWULbXWLRQ Rf WKe VaPSOe, WKeVe 

fLQdLQgV LQdLcaWe, RQ a fLQeU UeVROXWLRQ OeYeO, WKaW LQdLYLdXaOV ZLWK KeLgKWeQed SeUfRUPaQce 

PRQLWRULQg aUe SaUWLcXOaUO\ aW ULVN Rf e[SeULeQcLQg PRUe VeYeUe LQWeUQaOL]LQg V\PSWRPV 

XQdeU VWUeVVfXO cRQdLWLRQV, dXe WR WKeLU LQcUeaVed ULVN RU WKUeaW SeUceSWLRQ.  

FXUWKeUPRUe, acURVV aOO WKUee VWXdLeV, WKe PaMRULW\ Rf aVVRcLaWLRQV ZLWKLQ WKe aQ[LeW\ 

aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP ZeUe QRW eUURU-VSecLfLc. IQVWead, WKe\ e[WeQded WR 

geQeUaO SeUfRUPaQce PRQLWRULQg SURceVVeV LQcOXdLQg WKe PRQLWRULQg Rf cRUUecW aQd 

eUURQeRXV UeVSRQVeV, aV LQde[ed b\ bRWK aOWeUed ERN aQd CRN aPSOLWXdeV. IQ addLWLRQ, 

OaWeU cRPSRQeQWV VXcK aV WKe Pe aQd N2 dLd QRW e[KLbLW cRPSaUabOe aVVRcLaWLRQV ZLWK 

SV\cKRSaWKRORg\, VXggeVWLQg a SRWeQWLaO VSecLfLcLW\ fRU ERPV aVVRcLaWed ZLWK SeUfRUPaQce 

PRQLWRULQg UaWKeU WKaQ WKRVe LQYROYed LQ WKe cRQVcLRXV SURceVVLQg Rf acWLRQV (Pe) RU 

UeVSRQVe LQKLbLWLRQ (N2). 

4.2 IQYHVWLJDWLQJ TUDLW DQG SWDWH 9DULDELOLW\ RI WKH EUURU-RHODWHG NHJDWLYLW\ 

PUeYLRXV UeVeaUcK KaV LQYeVWLgaWed YaULRXV SRWeQWLaO XQdeUO\LQg OaWeQW dLPeQVLRQV 

OLQNLQg eQKaQced ERN aPSOLWXdeV aQd aQ[LeW\. APRQg WKeVe dLPeQVLRQV aUe LQWROeUaQce Rf 

XQceUWaLQW\ (JacNVRQ eW aO., 2016; JacNVRQ eW aO., 2015), aQ[LRXV PLVeU\ (RLeVeO eW aO., 2023), 

KaUP aYRLdaQce (Me\eU eW aO., 2021; RLeVeO, KOaZRKQ, eW aO., 2019), aQd cKecNLQg beKaYLRU 

(WeLQbeUg, KRWRY, eW aO., 2015; WeLQbeUg eW aO., 2016), aOO Rf ZKLcK KaYe beeQ VXSSRUWed b\ 

SULPaU\ VWXdLeV. HRZeYeU, WKe fRcXV Rf WKLV dLVVeUWaWLRQ KaV beeQ LQVSLUed b\ PeWa-

aQaO\WLcaO eYLdeQce VXggeVWLQg WKaW WKe aVVRcLaWLRQ beWZeeQ eQKaQced ERN aPSOLWXdeV aQd 

aQ[LeW\ PLgKW be aWWULbXWed WR WKe OaWeQW dLPeQVLRQ Rf WUaLW ZRUU\ (MRVeU eW aO., 2013; 

SaXQdeUV & IQ]OLcKW, 2020). PUedRPLQaQWO\, UeVeaUcK LQ WKLV aUea cRQceSWXaOL]ed WUaLW ZRUU\ 

aV a VWabOe WUaLW-OLNe cKaUacWeULVWLc, ZKLOe LgQRULQg WKe SRWeQWLaO YaU\LQg aVVRcLaWed VWaWeV 

VXcK aV VWaWe ZRUU\, aQd fRcXVed PRVWO\ RQ LQWeULQdLYLdXaO dLffeUeQceV Rf WKe ERN ZLWKRXW 

WeVWLQg fRU WKe VSecLfLcLW\ UegaUdLQg RWKeU bUaLQ SRWeQWLaOV.  

NRQeWKeOeVV, WKe ERN KaV beeQ VKRZQ WR be d\QaPLc LQ LWV PagQLWXde deSeQdLQg 

RQ WKe WaVN dePaQdV. FRU LQVWaQce, WKe ERN VKRZV VWaWe YaULabLOLW\ ZLWKLQ a SeUVRQ ZKeQ 

accXUac\ LV ePSKaVL]ed RYeU VSeed (FaONeQVWeLQ eW aO., 2000; GeKULQg eW aO., 1993; RLeVeO, 

KaWKPaQQ, & KOaZRKQ, 2019), ZKeQ eUURUV aUe SXQLVKed (Me\eU & GaZORZVNa, 2017; 
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RLeVeO, KaWKPaQQ, W�OOKRUVW, eW aO., 2019; RLeVeO eW aO., 2012) RU VRcLaOO\ eYaOXaWed (BX]]eOO 

eW aO., 2017; VRegOeU eW aO., 2018), dXULQg dXaO WaVN dePaQdV (KOaZRKQ eW aO., 2016), RU ZLWK 

cKaQgLQg SRVLWLYe affecW (NLgbXU & UOOVSeUgeU, 2020) aQd QegaWLYe affecW (WLVZede, M�QWe, 

GRVcKNe, eW aO., 2009; WLVZede, M�QWe, & R�VVeOeU, 2009). IQ WKe cRQWe[W Rf WUaLW ZRUU\ 

aQd LWV OLQN WR aOWeUed ERN aPSOLWXdeV, LW LV cRQceLYabOe WR K\SRWKeVL]e WKaW WKLV OLQN Pa\ 

VWeP fURP a VLWXaWLRQaO LQcUeaVe Rf VWaWe ZRUU\ WKaW WUaLW-ZRUULVRPe LQdLYLdXaOV PLgKW PRUe 

fUeTXeQWO\ e[SeULeQce dXULQg WaVN SeUfRUPaQce, ZKLcK cRXOd Oead WR aQ RYeUeVWLPaWLRQ Rf 

WKe WUXe aVVRcLaWLRQ Rf WUaLW ZRUU\ aQd WKe ERN dXe WR LQcUeaVed VWaWe ZRUU\. IQ facW, a fLUVW 

VWXd\ fRXQd WKaW aQ ePRWLRQaO e[SUeVVLYe ZULWLQg SaUadLgP, aLPLQg aW UedXcLQg VWaWe ZRUU\ 

LQ cKURQLc ZRUULeUV, ZaV aVVRcLaWed ZLWK a UedXced ERN, VXggeVWLQg a OLQN beWZeeQ 

YaULabLOLW\ LQ VWaWe ZRUU\ aQd WKe ERN (ScKURdeU eW aO., 2018).  

BXLOdLQg RQ WKLV LQLWLaO eYLdeQce, VWXd\ 1 fRcXVed RQ dLVeQWaQgOLQg WKe VSecLfLc 

effecWV Rf WUaLW aQd VWaWe ZRUU\ RQ WKe ERN WKURXgK e[SeULPeQWaO PaQLSXOaWLRQV deVLgQed 

WR eLWKeU LQdXce RU UedXce VWaWe ZRUU\ ZLWKLQ a UaQdRPL]ed cRQWUROOed UeSeaWed-PeaVXUeV 

deVLgQ. HRZeYeU, fOXcWXaWLRQV LQ VWaWe ZRUU\ dLd QRW Oead WR LQWUaLQdLYLdXaO cKaQgeV LQ WKe 

aPSOLWXde Rf WKe ERN, CRN, RU Pe. IQVWead, LQWeULQdLYLdXaO dLffeUeQceV LQ WUaLW ZRUU\ ZeUe 

fRXQd WR be aVVRcLaWed ZLWK QeXUaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg; LQcUeaVed WUaLW ZRUU\ 

cRUUeOaWed ZLWK KeLgKWeQed ERN aQd CRN aPSOLWXdeV, bXW QRW ZLWK Pe. TKeVe fLQdLQgV 

VXSSRUW WKe aVVeUWLRQ Rf WKe OLWeUaWXUe Rf a WUaLW-OLNe QaWXUe Rf WKe UeOaWLRQVKLS beWZeeQ eUURU-

UeOaWed bUaLQ acWLYLW\ aQd aQ[LRXV SV\cKRSaWKRORg\ (e.g., MLcKaeO eW aO., 2021; MRVeU eW aO., 

2013; PURXdfLW eW aO., 2013; WeLQbeUg eW aO., 2012) aQd aOLgQ ZLWK RWKeU UeVeaUcK 

dePRQVWUaWLQg WKe LQdeSeQdeQce Rf WKe ERN fURP VWaWe fOXcWXaWLRQV Rf aQ[LeW\ V\PSWRPV 

(GRUNa eW aO., 2018; KXMaZa eW aO., 2016; LadRXceXU eW aO., 2018) aQd RbVeVVLYe-cRPSXOVLYe 

V\PSWRPV (HaMcaN eW aO., 2008; RLeVeO eW aO., 2015). CRQVLdeULQg WKe UeVXOWV Rf VWXd\ 1 

WRgeWKeU ZLWK SUeYLRXV fLQdLQgV, QR eYLdeQce cRXOd be LdeQWLfLed TXaOLf\LQg WKe ERN, CRN, 

RU Pe aV QeXUaO cRUUeOaWeV Rf VWaWe ZRUU\. IQVWead, ERN aQd CRN aSSeaU WR UefOecW a PRUe 

geQeUaO WUaLW-OLNe SUedLVSRVLWLRQ WR e[SeULeQcLQg ZRUU\ aQd aQ[LeW\ (L.e., WUaLW ZRUU\), 

LQdeSeQdeQW Rf VWaWe cRQdLWLRQV (L.e., VWaWe ZRUU\). CRQVeTXeQWO\, bRWK ERN aQd CRN 

PaQLfeVW aV SURPLVLQg bLRPaUNeUV fRU LdeQWLf\LQg LQdLYLdXaOV SUedLVSRVed WR PeQWaO VWaWeV 

Rf KabLWXaO ZRUU\ (HaMcaN eW aO., 2019; Me\eU, 2016; MLcKaeO eW aO., 2021; MRVeU eW aO., 

2013), SRWeQWLaOO\ VeUYLQg aV YaOXabOe WRROV LQ WKe ULVN aVVeVVPeQW fRU aQ[LeW\-UeOaWed 

cRQdLWLRQV LQ WKe fXWXUe (LaKaW eW aO., 2014; Me\eU, 2017; Me\eU, HaMcaN, eW aO., 2015; Me\eU 

eW aO., 2021; Me\eU, NeOVRQ, eW aO., 2018). 
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4.3 AGRSWLQJ D TUDQVGLDJQRVWLF DQG DLPHQVLRQDO PHUVSHFWLYH  

AV SUeYLRXVO\ QRWed, dLVRUdeUV ZLWKLQ WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe 

VSecWUXP e[KLbLW a KLgK degUee Rf cRPRUbLdLW\ (KeVVOeU eW aO., 2005; RXVcLR eW aO., 2010; 

SKaUPa eW aO., 2021) aQd VKaUe RYeUOaSSLQg dLagQRVWLc cULWeULa (FRUbeV eW aO., 2024); KRZeYeU, 

WKe\ caQ be SKeQRW\SLcaOO\ KeWeURgeQeRXV ZLWK YaULRXV WULggeULQg RbMecWV aQd VLWXaWLRQV 

SURYRNLQg cRUUeVSRQdLQg V\PSWRPV. TKLV KeWeURgeQeLW\ LV aOVR PLUURUed LQ WKe aVVRcLaWLRQ 

ZLWK LQcUeaVed eUURU-UeOaWed bUaLQ acWLYLW\, aV RQO\ GAD (Me\eU, WeLQbeUg, eW aO., 2012; 

WeLQbeUg eW aO., 2010), SAD (EQdUaVV eW aO., 2014; KXMaZa eW aO., 2016), KeaOWK aQ[LeW\ 

(RLeVeO eW aO., 2017), aQd OCD (BeOOaWR eW aO., 2021; MaWKeZV eW aO., 2012; RLeVeO, 2019) 

VKRZ aQ LQcUeaVed ERN, ZKLOe OLQNV KaYe QRW beeQ fRXQd LQ VSecLfLc SKRbLa (HaMcaN eW aO., 

2003; MRVeU eW aO., 2005) aQd PTSD (GRUNa eW aO., 2016; RabLQaN eW aO., 2013). A K\SRWKeVLV 

UegaUdLQg WKeVe dLffeUeQWLaO aVVRcLaWLRQV VXggeVWV WKaW VKaUed OaWeQW dLPeQVLRQV XQdeUOLe 

WKeVe LQWeUUeOaWed dLVRUdeUV. PUeYLRXV UeVeaUcK SRVLWV WKaW dLVRUdeUV aVVRcLaWed ZLWK aQ 

LQcUeaVed ERN Pa\ be cKaUacWeUL]ed b\ eOeYaWed OeYeOV Rf WUaLW ZRUU\ (MRVeU eW aO., 2013; 

SaXQdeUV & IQ]OLcKW, 2020).  

SWXd\ 1 aQd 2 VXSSRUW WKLV WUaQVdLagQRVWLc SeUVSecWLYe, fLQdLQg WKaW caWegRULcaO 

cRPSaULVRQV Rf VSecLfLc dLagQRVWLc gURXSV (OCD, SAD, VSecLfLc SKRbLa, QaWXUaOLVWLc cRQWURO 

gURXS) dLd QRW \LeOd VLgQLfLcaQW dLffeUeQceV LQ QeLWKeU ERN, CRN, QRU Pe. HRZeYeU, bURadeU 

cRPSaULVRQV eQcRPSaVVLQg aOO LQWeUQaOL]LQg dLVRUdeUV agaLQVW cRQWURO SaUWLcLSaQWV, aV ZeOO 

aV aVVeVVPeQWV fRcXVLQg RQ WUaQVdLagQRVWLc dLPeQVLRQV VXcK aV WUaLW ZRUU\, LdeQWLfLed 

eQKaQced aPSOLWXdeV Rf bRWK ERN aQd CRN. RegaUdLQg WKe Pe, VWXd\ 2 fRXQd WKaW WUaLW 

ZRUU\ ZaV aVVRcLaWed ZLWK a VPaOOeU Pe, LQdLcaWLQg OeVV cRQVcLRXV SURceVVLQg Rf eUURUV. 

FXUWKeUPRUe, WKe VeULaO PedLaWLRQ PRdeOV ePSOR\ed LQ VWXd\ 3 dLd QRW XQcRYeU VSecLfLc 

aVVRcLaWLRQV ZLWK eLWKeU aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, RU deSUeVVLYe V\PSWRPV. TRgeWKeU, 

WKeVe RbVeUYaWLRQV VWUeQgWKeQ WKe XWLOLW\ Rf a WUaQVdLagQRVWLc SeUVSecWLYe b\ LQdLcaWLQg a 

bURadeU aVVRcLaWLRQ beWZeeQ eQKaQced QeXUaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg aQd 

LQWeUQaOL]LQg SV\cKRSaWKRORg\, cXWWLQg acURVV WKe bRXQdaULeV Rf dLVWLQcW dLagQRVWLc 

caWegRULeV aQd WKeLU VSecLfLc V\PSWRP dLPeQVLRQV. AddLWLRQaOO\, WKeVe fLQdLQgV LPSO\ WKaW 

aQ LQcUeaVed ERN aQd CRN Pa\ SULPaULO\ fXQcWLRQ aV ULVN PaUNeUV VSecLfLcaOO\ fRU WKRVe 

LQdLYLdXaOV ZLWK LQWeUQaOL]LQg SV\cKRSaWKRORg\ WKaW aUe cKaUacWeUL]ed b\ WKe OaWeQW 

dLPeQVLRQ Rf WUaLW ZRUU\ TKe OacN Rf VSecLfLcLW\ WR a SaUWLcXOaU dLagQRVWLc caWegRU\ Pa\ aOVR 

VXSSRUW a PXOWLfLQaO SeUVSecWLYe, VXggeVWLQg WKaW eQKaQced QeXUaO SeUfRUPaQce PRQLWRULQg 

LV OLQNed WR a bURadeU aW-ULVN VWaWe fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\, SUecedLQg WKe SRWeQWLaO 
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dLYeUVe deYeORSPeQWaO SaWKZa\V Rf LQWeUQaOL]LQg dLVRUdeUV. OYeUaOO, WKe PeWKRdRORgLcaO 

dLVSaULW\ beWZeeQ a cURVV-VecWLRQaO, eWLRORgLcaOO\-bOLQd, V\PSWRP-baVed caWegRULcaO 

cOaVVLfLcaWLRQ Rf cRPSOe[ PeQWaO dLVRUdeUV aQd WKe W\SLcaOO\ cRQWLQXRXV dLVWULbXWLRQ Rf bUaLQ 

PecKaQLVPV UaQgLQg fURP QRUPaO WR e[WUePe YaOXeV, SRWeQWLaOO\ RbVWUXcWV WKe LQYeVWLgaWLRQ 

Rf LQWeUacWLRQV beWZeeQ WKeVe dRPaLQV (AbL-DaUgKaP eW aO., 2023; COa\VRQ, 2024; MRULaULW\ 

eW aO., 2022; TeL[eLUa eW aO., 2023). AOWeUQaWLYeO\, adRSWLQg a WUaQVdLagQRVWLc aQd dLPeQVLRQaO 

fUaPeZRUN fRU SV\cKRSaWKRORg\ cRXOd PLWLgaWed WKLV PeWKRdRORgLcaO dLVSaULW\, WKeUeb\ 

facLOLWaWLQg WKe LdeQWLfLcaWLRQ Rf VSecLfLc aVVRcLaWLRQV beWZeeQ SV\cKRORgLcaO cRQVWUXcWV aQd 

SK\VLRORgLcaO PeaVXUeV (HaMcaN eW aO., 2019; IQVeO eW aO., 2010). TKe SUeVeQWed UeVXOWV Rf 

WKLV dLVVeUWaWLRQ VXSSRUW WKLV aVVeUWLRQ, VKRZLQg QR QRWabOe dLffeUeQceV beWZeeQ SaUWLcXOaU 

dLagQRVWLc gURXSV ZKLOe VLgQLfLcaQW effecWV ZeUe fRXQd ZKeQ e[aPLQLQg bURadeU 

LQWeUQaOL]LQg caWegRULeV, aV ZeOO aV cRQWLQXRXV WUaQVdLagQRVWLc dLPeQVLRQV, ZKLcK PRUe 

cORVeO\ caSWXUe WKe cRQWLQXRXV QaWXUe Rf SV\cKRSaWKRORgLcaO SKeQRPeQa. A WUaQVdLagQRVWLc 

aQd dLPeQVLRQaO aSSURacK Pa\ RffeU a PRUe QXaQced XQdeUVWaQdLQg Rf WKe XQdeUO\LQg 

PecKaQLVPV cRQWULbXWLQg WR PeQWaO dLVRUdeUV, WKeUeb\ KROdLQg VLgQLfLcaQW SRWeQWLaO WR 

LOOXPLQaWe WKe QeXUaO XQdeUSLQQLQgV Rf SV\cKRSaWKRORg\. 

4.4 TKH RROH RI COLQLFDO SWDWXV DQG FDPLO\ RLVN 

ReVeaUcK RQ WKe SRWeQWLaO QeXUaO fRXQdaWLRQV Rf LQWeUQaOL]LQg SV\cKRSaWKRORg\ KaV 

dePRQVWUaWed WKaW KeLgKWeQed eUURU-UeOaWed QeXUaO acWLYLW\ LV SUeVeQW QRW RQO\ LQ SaWLeQWV 

dLagQRVed ZLWK dLVRUdeUV Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP bXW aOVR LQ 

WKeLU XQaffecWed UeOaWLYeV (CaUUaVcR, HaUbLQ, eW aO., 2013; RLeVeO eW aO., 2011; RLeVeO, 

KOaZRKQ, eW aO., 2019). SWXd\ 2 ZaV deVLgQed WR eOXcLdaWe cRQWULbXWLRQV Rf WKe cOLQLcaO VWaWXV 

Rf aQ LQdLYLdXaO RQ WKe RQe KaQd aQd WKe ULVN WUaQVPLWWed ZLWKLQ faPLOLeV RQ WKe RWKeU. 

FLQdLQgV LQdLcaWed WKaW bRWK cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQg dLVRUdeU aQd faPLO\ KLVWRU\ 

Rf LQWeUQaOL]LQg SV\cKRSaWKRORg\ LQdeSeQdeQWO\ cRQWULbXWed WR eOeYaWed OeYeOV LQ bRWK ERN 

aQd CRN aPSOLWXdeV. TKLV VXggeVWV WKaW KeLgKWeQed QeXUaO SeUfRUPaQce PRQLWRULQg Pa\ 

be WUaQVPLWWed ZLWKLQ faPLOLeV RQO\ LQ a VXbVeW Rf SaWLeQWV, ZKeUeaV LQ WKRVe ZLWKRXW faPLO\ 

ULVN, aOWeUQaWLYe facWRUV OLNeO\ LQfOXeQced WKe deYeORSPeQW Rf LQcUeaVed SeUfRUPaQce 

PRQLWRULQg. APRQg RWKeUV, WKe eTXLfLQaOLW\ Rf facWRUV dLVcXVVed aV caQdLdaWeV VKaSLQg aQ 

LQdLYLdXaO¶V SeUfRUPaQce PRQLWRULQg V\VWeP eQcRPSaVVeV fRU LQVWaQce, bLRORgLcaO Ve[ 

(LaUVRQ eW aO., 2011), geQdeU (FLVcKeU eW aO., 2016; HLOO eW aO., 2018; IPbXUgLR eW aO., 2020), 

cRgQLWLYe caSacLW\ (Me\eU & HaMcaN, 2019), aQd WePSeUaPeQWaO facWRUV VXcK aV VK\QeVV 

(Me\eU & KOeLQ, 2018; bXW Vee BURRNeU eW aO., 2011), beKaYLRUaO LQKLbLWLRQ (BX]]eOO eW aO., 
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2017; LaKaW eW aO., 2014; McDeUPRWW eW aO., 2009), feaUfXOQeVV (BURRNeU & BXVV, 2014a, 

2014b; Me\eU, HaMcaN, eW aO., 2018), LPSXOVLYLW\ (Ta\ORU eW aO., 2018), aQd ULVN-WROeUaQce 

(SaQWeVVR & SegaORZLW], 2009).  

HRZeYeU, VWXd\ 2 dReV QRW SeUPLW aQ LQ-deSWK e[SORUaWLRQ Rf WKe PecKaQLVPV 

UeVSRQVLbOe fRU WKe WUaQVPLVVLRQ Rf faPLO\ ULVN. BRWK geQeWLc (AQRNKLQ eW aO., 2008) aQd 

eQYLURQPeQWaO facWRUV (CKRQg eW aO., 2020; Me\eU eW aO., 2019; Me\eU, PURXdfLW, eW aO., 2015; 

Me\eU & WLVVePaQQ, 2020; SXRU eW aO., 2022) ZRXOd be SOaXVLbOe PedLaWRUV, \eW VXcK 

caXVaO UeOaWLRQVKLSV Qeed WR be LQYeVWLgaWed WKURXgK ORQgLWXdLQaO UeVeaUcK deVLgQV. 

CRQVeTXeQWO\, RQO\ WZLQ RU adRSWLRQ VWXdLeV (AQRNKLQ eW aO., 2008) aOORZ WR effecWLYeO\ 

dLVeQWaQgOe WKe cRQWULbXWLRQV Rf geQeWLc aQd eQYLURQPeQWaO facWRUV WR faPLO\ ULVN (SXRU eW 

aO., 2022; TUa\YLcN eW aO., 2024); KRZeYeU, VXcK VWXdLeV aUe UeOaWLYeO\ VcaUce. NRQeWKeOeVV, 

cRQVLdeULQg QRW RQO\ WKe cOLQLcaO VWaWXV bXW aOVR WKe faPLO\ KLVWRU\ Rf SV\cKRSaWKRORg\ Rf 

aQ LQdLYLdXaO PLgKW KeOS LdeQWLf\ WKRVe SURQe WR QeXUaO YXOQeUabLOLW\ PRUe SUecLVeO\.  

4.5 MRGHUDWLQJ DQG MHGLDWLQJ FDFWRUV 

IQ addLWLRQ WKe LQfOXeQce Rf faPLO\ ULVN WUaQVPLVVLRQ, WKLV dLVVeUWaWLRQ aLPed aW 

eOXcLdaWLQg WKe VSecLfLc aVVRcLaWLRQV PRUe geQeUaOO\ aORQg WKe SaWKZa\ fURP QeXUaO 

YXOQeUabLOLW\ WR SV\cKRSaWKRORg\. A SURPLQeQW facWRU PRdeUaWLQg WKe aVVRcLaWLRQ beWZeeQ 

LQcUeaVed ERN aPSOLWXdeV aQd aQ[LeW\ LV bLRORgLcaO Ve[ (RU geQdeU 2 ), ZLWK VWURQgeU 

aVVRcLaWLRQV RbVeUYed LQ ZRPeQ cRPSaUed ZLWK PeQ (MRVeU eW aO., 2016). SWXd\ 1 aQd 2 

cRQfLUPed WKLV fLQdLQg, dePRQVWUaWLQg WKaW KLgKeU OeYeOV Rf WUaLW ZRUU\ ZeUe aVVRcLaWed ZLWK 

LQcUeaVed ERN aQd CRN aPSOLWXdeV LQ ZRPeQ, bXW QRW LQ PeQ. TKLV ZaV VSecLfLc fRU WKe 

ERN aQd CRN, VLQce geQdeU dLd QRW aSSeaU WR PRdXOaWe WKe aVVRcLaWLRQ beWZeeQ WUaLW ZRUU\ 

aQd WKe Pe. HRZeYeU, WKe caXVe Rf WKe dLffeUeQWLaO fLQdLQgV beWZeeQ ZRPeQ aQd PeQ 

UePaLQV RSeQ. AV PaQ\ SUeYLRXV VWXdLeV, WKe aVVeVVPeQW Rf WKe VWXdLeV LQcOXded LQ WKLV 

dLVVeUWaWLRQ ZaV baVed RQ a VLQgOe dePRgUaSKLc LWeP QRW dLffeUeQWLaWLQg beWZeeQ bLRORgLcaO 

Ve[ aQd geQdeU. TKLV dReV QRW aOORZ WR dLVeQWaQgOe WKe LQfOXeQceV Rf bLRORgLcaO facWRUV aQd 

aQ LQdLYLdXaO¶V geQdeU LdeQWLW\. NRQeWKeOeVV, WZR K\SRWKeVeV, eacK ePSKaVL]LQg dLffeUeQW 

aVSecWV, KaYe beeQ SURSRVed WR e[SOaLQ WKe geQdeU-VSecLfLc OLQN beWZeeQ WUaLW ZRUU\ aQd 

LQcUeaVed eUURU PRQLWRULQg (MRVeU eW aO., 2016).  

                                                 
 
2 As described earlier, this depends on how previous research operationalized and assessed 

the biological sex or gender of an individual. 
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TKe fLUVW K\SRWKeVLV aVVXPeV WKaW WKe LPSacW Rf YeUbaO ZRUULeV RQ cRgQLWLYe 

SeUfRUPaQce LV VWURQgeU LQ ZRPeQ. E[WeQVLYe UeVeaUcK LQdLcaWeV WKaW aQ[LeW\ LV bRWK cURVV-

VecWLRQaOO\ aQd SURVSecWLYeO\ OLQNed WR cRgQLWLYe LPSaLUPeQWV (GXOSeUV eW aO., 2022; LLQdeUW 

eW aO., 2021; TeW]QeU & ScKXWK, 2016), ZLWK VRPe VWXdLeV SRLQWLQg WR PRUe VXbVWaQWLaO 

LPSaLUPeQWV LQ ZRPeQ (de VLVVeU eW aO., 2010; GXOSeUV eW aO., 2019; ZaLQaO & NeZPaQ, 

2023). TKLV fLQdLQg cRXOd be aWWULbXWed WR WKe WeQdeQc\ Rf ZRPeQ, UeOaWLYe WR PeQ, WR eQgage 

PRUe LQ YeUbaO SURceVVLQg dXULQg SURbOeP-VROYLQg acWLYLWLeV, WKeUeb\ PRUe fUeTXeQWO\ 

ePSOR\LQg VXbYRcaO aUWLcXOaWLRQ aV a UeVSRQVe WR WKUeaWeQLQg RU XQceUWaLQ VLWXaWLRQV (MRVeU 

eW aO., 2016). AOWeUQaWLYeO\, WKe VecRQd SeUVSecWLYe KLgKOLgKWV WKe RUgaQL]aWLRQaO aQd 

UegXOaWRU\ LPSacW Rf RYaULaQ KRUPRQeV RQ fURQWaO bUaLQ UegLRQV aVVRcLaWed ZLWK cRgQLWLYe 

cRQWURO LQ ZRPeQ (BeOW] & MRVeU, 2020; RXVVPaQ BORcN eW aO., 2024; SKaQVN\ & LLSSV, 

2013). IW KaV beeQ SURSRVed WKaW WKe KeLgKWeQed cRQceQWUaWLRQ Rf eVWUadLRO LQ bUaLQ UegLRQV 

aVVRcLaWed ZLWK eUURU PRQLWRULQg, cRPbLQed ZLWK WKe LQfOXeQce Rf eVWUadLRO RQ dRSaPLQe²

a Ne\ QeXURWUaQVPLWWeU LQYROYed LQ ERN geQeUaWLRQ²SURYLdeV a SURPLVLQg QeXURbLRORgLcaO 

UaWLRQaOe fRU WKe RbVeUYed OLQN beWZeeQ WUaLW ZRUU\ aQd ERN LQ ZRPeQ (MRVeU eW aO., 2016). 

IQ facW, UeceQW fLQdLQgV VXggeVW WKaW eVWUadLRO aQd SURgeVWeURQe Pa\ acW aV SURWecWLYe facWRUV, 

ZLWK ZRPeQ e[KLbLWLQg UeOaWLYeO\ KLgKeU OeYeOV Rf WKeVe KRUPRQeV VKRZLQg a ZeaNeQed 

cRUUeOaWLRQ beWZeeQ ZRUU\ aQd eUURU-UeOaWed bUaLQ acWLYLW\ LQ WKe ACC (RXVVPaQ BORcN eW 

aO., 2024). NeYeUWKeOeVV, WKe VWXd\ deVLgQV ePSOR\ed LQ WKLV dLVVeUWaWLRQ dR QRW SeUPLW aQ 

eQdRUVePeQW Rf RQe K\SRWKeVLV RYeU WKe RWKeU UegaUdLQg WKeVe geQdeU-VSecLfLc OLQNV. 

HRZeYeU, gLYeQ WKeVe LQVLgKWV, eUURU-UeOaWed bUaLQ acWLYLW\ PLgKW UeSUeVeQW a PRUe accXUaWe 

ULVN PaUNeU fRU WUaLW ZRUU\ LQ ZRPeQ cRPSaUed ZLWK PeQ, ZKLOe WKe e[acW PecKaQLVPV 

XQdeUO\LQg WKLV geQdeU-VSecLfLc OLQN aUe \eW WR be e[SORUed. CRQVeTXeQWO\, WKLV fLQdLQg 

KLgKOLgKWV WKe cULWLcaO LPSRUWaQce Rf LQcRUSRUaWLQg bLRORgLcaO Ve[ RU geQdeU aV a YaULabOe 

ZKeQ e[SORULQg WKe QeXUaO PecKaQLVPV XQdeUO\LQg dLVRUdeUV ZLWKLQ WKe aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe VSecWUXP. SXcK a fRcXV caQ aXgPeQW RXU XQdeUVWaQdLQg Rf WKeVe 

dLVRUdeUV aQd SRWeQWLaOO\ gXLde PRUe WaLORUed aQd SeUVRQaOL]ed WKeUaSeXWLc aSSURacKeV. 

AQRWKeU LPSRUWaQW PRdXOaWLQg LPSacW RQ WKe UeOaWLRQVKLS beWZeeQ eQKaQced eUURU-

UeOaWed bUaLQ acWLYLW\ aQd LQWeUQaOL]LQg SV\cKRSaWKRORg\ KaV beeQ RbVeUYed fRU VWUeVV UeOaWed 

WR adYeUVe OLfe eYeQWV (Me\eU eW aO., 2017) RU SeUVLVWeQW LQWeUSeUVRQaO cRQfOLcWV (BaQLca eW 

aO., 2020). TKe COVID-19 SaQdePLc SURYLded a XQLTXe cRQWe[W WR fXUWKeU e[SORUe KRZ 

adYeUVe OLfe eYeQWV LPSacW LQdLYLdXaOV aW ULVN fRU PeQWaO KeaOWK LVVXeV, aV LQdLcaWed b\ 

eQKaQced ERN aPSOLWXdeV. SWXd\ 3 fRXQd WKaW QRW VWUeVV LWVeOf LQfOXeQced WKe OLQN beWZeeQ 
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WKe ERN aQd LQWeUQaOL]LQg V\PSWRPV LQcOXdLQg aQ[LeW\, RbVeVVLRQV, cRPSXOVLRQV, aQd 

deSUeVVLRQ. IQVWead, LQdLYLdXaOV ZLWK aQ LQcUeaVed ERN UeSRUWed KLgKeU OeYeOV Rf VWUeVV 

aVVRcLaWed ZLWK a VWURQgeU VXbMecWLYe SeUceSWLRQ Rf WKe ULVN fRU WKeLU SeUVRQaO KeaOWK dXULQg 

WKe SaQdePLc. FXUWKeUPRUe, WKe LQcUeaVed OeYeOV Rf VWUeVV RbVeUYed LQ WKeVe LQdLYLdXaOV ZeUe 

QRQVSecLfLcaOO\ aVVRcLaWed ZLWK a ULVe LQ LQWeUQaOL]LQg V\PSWRPV abRYe SUe-SaQdePLc OeYeOV. 

TKLV LV a QeZ fLQdLQg SRLQWLQg WR a PRUe cRPSOe[ LQWeUacWLRQ LQ ZKLcK LQWeULQdLYLdXaO 

dLffeUeQceV LQ eUURU-UeOaWed bUaLQ acWLYLW\ cRQWULbXWe WR WKe VXbMecWLYe e[SeULeQce Rf VWUeVV 

dXULQg SRWeQWLaOO\ WKUeaWeQLQg SeULRdV OLNe a SaQdePLc, fXUWKeU VWUeQgWKeQLQg WKe 

SeUVSecWLYe Rf WKe ERN aV aQ LQdLcaWRU Rf WKUeaW VeQVLWLYLW\ (HaMcaN & FRWL, 2008; HeffeU & 

WLOORXgKb\, 2021; PURXdfLW eW aO., 2013; WeLQbeUg eW aO., 2016; WeLQbeUg eW aO., 2012). 

AddLWLRQaOO\, a VLPLOaU SaWWeUQ Rf LQdLUecW effecWV ZaV RbVeUYed fRU WKe CRN, bXW QRW fRU WKe 

Pe RU WKe N2. TKLV VXggeVWV a PRUe VSecLfLc OLQNage beWZeeQ WKe SURceVVLQg Rf eUURUV aQd 

cRUUecW UeVSRQVeV, aQd KeLgKWeQed LQWeUQaOL]LQg V\PSWRPV XQdeU VWUeVV, KLgKOLgKWLQg WKe 

UeOeYaQce Rf ERN aQd CRN aV SRWeQWLaO QeXUaO PaUNeUV fRU YXOQeUabLOLW\ LQ WKe face Rf 

VLgQLfLcaQW VWUeVVRUV. TaNeQ WRgeWKeU, VWXd\ 3 LQdLcaWeV a cRPSOe[ LQWeUacWLRQ ZKeUe 

KeLgKWeQed VeQVLWLYLW\ WR WKUeaWV aQd ULVNV, aV LQde[ed b\ a OaUgeU ERN aQd CRN, caQ 

ORQgLWXdLQaOO\ aPSOLf\ WKe SV\cKRORgLcaO LPSacW Rf VWUeVVfXO eYeQWV, ZKLcK LQ WXUQ 

e[aceUbaWeV YaULRXV LQWeUQaOL]LQg V\PSWRPV. FXUWKeUPRUe, LQWeUQaOL]LQg V\PSWRPV Pa\ 

WKePVeOYeV cRQWULbXWe WR KeLgKWeQed VWUeVV, fRU LQVWaQce, WKURXgK LQWeUSeUVRQaO cRQfOLcWV 

UeVXOWLQg fURP UeaVVXUaQce-VeeNLQg beKaYLRU LQ SaWLeQWV ZLWK aQ[LeW\ RU RbVeVVLYe-

cRPSXOVLYe dLVRUdeUV. TKLV d\QaPLc cRXOd SeUSeWXaWe LQWeUQaOL]LQg V\PSWRPV, SaUWLcXOaUO\ 

LQ LQdLYLdXaOV ZKR e[KLbLW LQcUeaVed baVeOLQe ERN RU CRN. TKeVe SRWeQWLaO c\cOeV 

KLgKOLgKW WKe Qeed fRU WaUgeWed LQWeUYeQWLRQV WKaW addUeVV bRWK WKe KeLgKWeQed ULVN RU WKUeaW 

VeQVLWLYLW\ aQd WKe UeVXOWLQg VWUeVV UeVSRQVeV LQ LQdLYLdXaOV aW ULVN fRU LQWeUQaOL]LQg 

SV\cKRSaWKRORg\ LQ WKe cRQWe[W Rf VLgQLfLcaQW e[WeUQaO VWUeVVRUV. 

4.6 AQ IQWHJUDWLYH MRGHO RI EUURU-RHODWHG BUDLQ AFWLYLW\ DQG PV\FKRSDWKRORJ\ 

TKe e[WeQVLYe bRd\ Rf OLWeUaWXUe RQ WKe ERN aQd LWV aVVRcLaWLRQ ZLWK aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe SV\cKRSaWKRORg\ KaV SURYLded YaOXabOe LQVLgKWV LQWR WKe QeXUaO 

SURceVVeV XQdeUO\LQg WKeVe cOLQLcaO cRQdLWLRQV. HRZeYeU, SUeYLRXV VWXdLeV KaYe ePSOR\ed 

dLYeUVe fUaPeZRUNV, OeadLQg WR SaUWLaOO\ KeWeURgeQeRXV fLQdLQgV UegaUdLQg WKe SUecLVe 

SaWKZa\V WKURXgK ZKLcK QeXUaO PaUNeUV Rf YXOQeUabLOLW\ WUaQVOaWe LQWR cOLQLcaO 

PaQLfeVWaWLRQV Rf aQ[LeW\, RbVeVVLRQV, aQd cRPSXOVLRQV. FURP a QeXURbLRORgLcaO 

SeUVSecWLYe, WKe RDRC fUaPeZRUN (CXWKbeUW, 2014; IQVeO eW aO., 2010; KR]aN & CXWKbeUW, 
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2016) SUeSaUeV WKe fRXQdaWLRQ fRU SV\cKRSK\VLRORgLcaO UeVeaUcK b\ deOLQeaWLQg dRPaLQV Rf 

baVLc cRgQLWLYe, ePRWLRQaO, PRWRULc, UegXOaWRU\, aQd VRcLaO fXQcWLRQV, aORQg ZLWK WKeLU 

cRUUeVSRQdLQg QeXURbLRORgLcaO VXbVWUaWeV aQd OeYeOV Rf aQaO\VLV. RegaUdLQg WKe cOLQLcaO 

YLeZSRLQW, WKe HLTOP fUaPeZRUN (KRWRY eW aO., 2017) SURYLdeV a KLeUaUcKLcaO aQd 

dLPeQVLRQaO Wa[RQRP\ Rf SV\cKRSaWKRORg\ cXWWLQg acURVV WKe bRXQdaULeV Rf dLagQRVWLc 

gURXSV, deVcULbLQg SKeQRW\SLcaO e[SUeVVLRQV Rf PeQWaO dLVRUdeUV LQ VXbdLYLVLRQV Rf 

WUaQVdLagQRVWLc VSecWUa, cRPSRQeQWV, aQd V\PSWRPV. FLQaOO\, bULdgLQg QeXURbLRORgLcaO aQd 

SV\cKRSaWKRORgLcaO RXWcRPeV, WKe dLaWKeVLV-VWUeVV PRdeO eOXcLdaWeV WKe deYeORSPeQW Rf 

SV\cKRSaWKRORg\, VXcK aV aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV (Me\eU, 2017; 

WeLQbeUg eW aO., 2022), aV a UeVXOW Rf WKe LQWeUSOa\ beWZeeQ SUedLVSRVLWLRQaO YXOQeUabLOLWLeV 

(e.g., KeLgKWeQed ERN) aQd eQYLURQPeQWaO VWUeVVRUV (e.g., adYeUVe OLfe eYeQWV). IQWegUaWLQg 

WKeVe WKUee fUaPeZRUNV SURYLdeV gUeaW SRWeQWLaO fRU UeVeaUcKeUV WR beWWeU XQdeUVWaQd WKe 

cRPSOe[ LQWeUSOa\ beWZeeQ LQdLYLdXaO QeXUaO YXOQeUabLOLW\, SV\cKRSaWKRORgLcaO cRQdLWLRQV, 

aQd eQYLURQPeQWaO LQfOXeQceV, WKXV adYaQcLQg RXU cRPSUeKeQVLRQ Rf aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe dLVRUdeUV aQd gXLdLQg fXWXUe UeVeaUcK.  

TR daWe, WKe UeVeaUcK fLeOd KaV QRW eVWabOLVKed aQ RYeUaUcKLQg aQd LQWegUaWLYe PRdeO 

eOXcLdaWLQg WKe UROe Rf eUURU PRQLWRULQg LQ WKe deYeORSPeQW Rf SV\cKRSaWKRORgLcaO 

cRQdLWLRQV, deVSLWe QXPeURXV VWXdLeV e[SORULQg YaULRXV faceWV Rf WKLV UeOaWLRQVKLS. 

CRQVeTXeQWO\, WKLV dLVVeUWaWLRQ VeeNV WR fLOO WKLV gaS b\ SURSRVLQg aQ LQWegUaWLYe PRdeO Rf 

eUURU-UeOaWed bUaLQ acWLYLW\ aQd SV\cKRSaWKRORg\ (FLgXUe 10), ZKLcK QRW RQO\ RXWOLQeV WKe 

SaWKZa\V OeadLQg WR SV\cKRSaWKRORg\, bXW aOVR VSecLfLeV WeVWabOe SUedLcWLRQV fRU fXWXUe 

UeVeaUcK. TKLV PRdeO SXUVXeV WKUee SULPaU\ RbMecWLYeV: fLUVW, WR LQWegUaWe NQRZOedge RQ WKe 

eTXLfLQaO WUaMecWRULeV WR QeXUaO YXOQeUabLOLW\, aV LQde[ed b\ WUaLW-OLNe aOWeUaWLRQV Rf WKe ERN; 

VecRQd, WR LQcRUSRUaWe cXUUeQW fUaPeZRUNV LQcOXdLQg WKe RDRC PaWUL[, WKe HLTOP 

Wa[RQRP\, aQd WKe dLaWKeVLV-VWUeVV PRdeO, aQd WKLUd, WR e[SaQd WKe dLaWKeVLV-VWUeVV PRdeO 

b\ deOLQeaWLQg LQdLYLdXaO aQd eQYLURQPeQWaO PRdeUaWRUV aQd PedLaWRUV, UeSUeVeQWLQg 

PXOWLfLQaO SaWKZa\V fURP aOWeUed eUURU-UeOaWed bUaLQ acWLYLW\ WR SV\cKRSaWKRORg\. TKURXgK 

WKLV LQWegUaWLYe aSSURacK, WKe SUeVeQW dLVVeUWaWLRQ aLPV WR RffeU a cRPSUeKeQVLYe 

XQdeUVWaQdLQg Rf WKe LQWeUSOa\ beWZeeQ aOWeUed eUURU PRQLWRULQg SURceVVeV Rf aQ LQdLYLdXaO 

aQd WKe deYeORSPeQW Rf SV\cKRSaWKRORgLcaO cRQdLWLRQV, WKeUeb\ adYaQcLQg WKeRUeWLcaO aQd 

ePSLULcaO UeVeaUcK LQ WKe fLeOd. TKe LQWegUaWLYe PRdeO cRQVLVWV Rf VL[ SLYRWaO cRPSRQeQWV 

LQcOXdLQg eaUO\ VKaSLQg facWRUV, YXOQeUabLOLW\, PRdeUaWRUV aQd PedLaWRUV, aV ZeOO aV 

SV\cKRSaWKRORgLcaO VSecWUa, dLPeQVLRQV, aQd V\PSWRPV. 
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FLJXUH 10. IQWegUaWLYe P
RdeO Rf eUURU-UeOaWed bUaLQ acWLYLW\ aQd SV\cKRSaWKRORg\. EUURU-UeOaWed bUaLQ acWLYLW\ LV LQde[ed b\ WKe UeVSRQVe-ORcNed 

eYeQW-UeOaWed SRWeQWLaO WeUP
ed eUURU-UeOaWed QegaWLYLW\ (ER

N
). D

aVKed OLQeV aQd TXeVWLRQ P
aUNV YLVXaOL]e K\SRWKeWLcaO UeOaWLRQVKLSV RU 

eP
SLULcaOO\ LQcRQVLVWeQW fLQdLQgV. 
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FLUVW, WKe PRdeO SURSRVeV a cRPSOe[ LQWeUSOa\ Rf eaUO\ VKaSLQg facWRUV dXULQg 

cKLOdKRRd aQd adROeVceQce LQfOXeQcLQg WKe fRUPaWLRQ Rf a WUaLW-OLNe K\SR- RU K\SeUacWLYe 

eUURU PRQLWRULQg V\VWeP. AV SRLQWed RXW LQ WKe LQWURdXcWLRQ, SUeYLRXV UeVeaUcK KaV 

LQYeVWLgaWed PXOWLSOe SRWeQWLaO facWRUV UeVXOWLQg LQ a ORQg bXW ceUWaLQO\ QRW e[KaXVWLYe OLVW 

Rf eTXLfLQaO facWRUV LQcOXdLQg geQeWLcV (AQRNKLQ eW aO., 2008; SXRU eW aO., 2022; TUa\YLcN eW 

aO., 2024), bLRORgLcaO Ve[ (LaUVRQ eW aO., 2011), geQdeU (FLVcKeU eW aO., 2016; HLOO eW aO., 2018; 

IPbXUgLR eW aO., 2020), Ve[ KRUPRQeV (GRUda\ & Me\eU, 2018), cRgQLWLYe caSacLW\ (Me\eU 

& HaMcaN, 2019), WePSeUaPeQW (e.g., McDeUPRWW eW aO., 2009; Me\eU & KOeLQ, 2018; 

SaQWeVVR & SegaORZLW], 2009; Ta\ORU eW aO., 2018), aQd SV\cKRVRcLaO eQYLURQPeQW (e.g., 

DebQaWK eW aO., 2023; MeKUa eW aO., 2022; Me\eU, PURXdfLW, eW aO., 2015). MRUeRYeU, WKe PRdeO 

SRVLWV WKaW WKeVe VWabOe LQWeULQdLYLdXaO aOWeUaWLRQV LQ WKe eUURU PRQLWRULQg QeWZRUN, aV 

VLgQaOed b\ aOWeUed ERN aPSOLWXdeV, cRQVWLWXWe a QeXUaO YXOQeUabLOLW\ (Me\eU, 2017; 

WeLQbeUg eW aO., 2022) fRU eLWKeU e[WeUQaOL]LQg SV\cKRSaWKRORg\ LQ LQdLYLdXaOV ZLWK a 

decUeaVed ERN (LXW] eW aO., 2021) RU fRU LQWeUQaOL]LQg SV\cKRSaWKRORg\ LQ LQdLYLdXaOV ZLWK 

aQ LQcUeaVed ERN (PaVLRQ & BaUbRVa, 2019). 

HRZeYeU, WKeVe WUaMecWRULeV aUe QRW LQKeUeQWO\ deWeUPLQLVWLc, aV RQO\ a VXbVeW Rf 

LQdLYLdXaOV deYeORS cRUUeVSRQdLQg cOLQLcaO V\PSWRPV (CaUUaVcR, HaUbLQ, eW aO., 2013; EXVeU 

eW aO., 2013; McLRXgKOLQ eW aO., 2009; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 2019; 

SLPPRQLWe eW aO., 2012). TKe UeOaWLRQVKLS beWZeeQ aOWeUed QeXUaO eUURU PRQLWRULQg aQd 

SV\cKRSaWKRORg\ LV PRdeUaWed aQd PedLaWed b\ addLWLRQaO LQdLYLdXaO aQd eQYLURQPeQWaO 

facWRUV. IQ accRUdaQce ZLWK SUedLcWLRQV Rf WKe dLaWKeVLV-VWUeVV PRdeO, adYeUVe eQYLURQPeQWaO 

cRQdLWLRQV, VXcK aV a QaWXUaO dLVaVWeU (Me\eU eW aO., 2017), a SaQdePLc (RLeVeO eW aO., 2021), 

RU SURORQged LQWeUSeUVRQaO VWUeVV (BaQLca eW aO., 2020), e[eUW a gUeaWeU QegaWLYe effecW RQ 

WKRVe ZKR aUe PRUe YXOQeUabOe (L.e., WKRVe ZLWK KeLgKWeQed ERN), SRWeQWLaOO\ OeadLQg WR 

VeULRXV PeQWaO KeaOWK LPSaLUPeQWV. AddLWLRQaOO\, QegaWLYe SaUeQWLQg VW\OeV KaYe beeQ fRXQd 

WR PedLaWe WKe UeOaWLRQVKLS beWZeeQ aQ eQKaQced PaWeUQaO ERN aQd RffVSULQg LQWeUQaOL]LQg 

SV\cKRSaWKRORg\ (SXRU eW aO., 2022). AORQgVLde WKeVe eQYLURQPeQWaO LQfOXeQceV, LQdLYLdXaO 

cKaUacWeULVWLcV aOVR SOa\ a VLgQLfLcaQW UROe. BLRORgLcaO Ve[ RU geQdeU KaYe beeQ LdeQWLfLed aV 

a cUXcLaO PRdeUaWLQg facWRU, ZLWK WKe aVVRcLaWLRQ beWZeeQ LQcUeaVed ERN aPSOLWXdeV aQd 

aQ[LeW\ beLQg VWURQgeU LQ fePaOeV WKaQ LQ PaOeV, aOWKRXgK WKLV dReV QRW e[WeQd WR RbVeVVLYe-

cRPSXOVLYe V\PSWRPV (MRVeU eW aO., 2016). EPeUgLQg UeVeaUcK aOVR LQdLcaWeV WKaW YaULaWLRQV 

LQ RYaULaQ KRUPRQe OeYeOV, VSecLfLcaOO\ eVWUadLRO aQd SURgeVWeURQe, affecW WKe aVVRcLaWLRQ 

beWZeeQ aQ[LeW\ aQd KeLgKWeQed eUURU PRQLWRULQg LQ fePaOeV (RXVVPaQ BORcN eW aO., 2024). 
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FXUWKeUPRUe, WePSeUaPeQW aQd SeUVRQaOLW\ WUaLWV VXcK aV LUULWabLOLW\ (FLOLSSL eW aO., 2020; 

KeVVeO eW aO., 2016) aQd beKaYLRUaO LQKLbLWLRQ Rf a cKLOd (FLOLSSL eW aO., 2020; LaKaW eW aO., 

2014; McDeUPRWW eW aO., 2009) KaYe beeQ fRXQd WR LQWeUacW ZLWK LQcUeaVed eUURU PRQLWRULQg, 

SRWeQWLaOO\ OeadLQg WR LQWeUQaOL]LQg SV\cKRSaWKRORg\. LaVWO\, WKeUe LV SUeOLPLQaU\ eYLdeQce 

fRU VOeeS TXaOLW\ SUedLcWLQg aQ[LeW\ V\PSWRPV LQ cKLOdUeQ aQd adROeVceQWV, bXW RQO\ fRU 

WKRVe ZLWK a OaUgeU ERN (MeKUa eW aO., 2024).  

HRZeYeU, LW UePaLQV aQ RSeQ TXeVWLRQ ZKeWKeU WKe SRWeQWLaO PedLaWRUV aQd 

PRdeUaWRUV Rf aQ LQdLYLdXaO aQd WKeLU eQYLURQPeQW aOVR aSSO\ WR WKe OLQN beWZeeQ a WUaLW-

OLNe decUeaVed ERN aQd e[WeUQaOL]LQg SV\cKRSaWKRORg\. MRVW VWXdLeV LQYeVWLgaWLQg 

PedLaWRUV aQd PRdeUaWRUV KaYe fRcXVed SUedRPLQaQWO\ RQ WKe LQWeUQaOL]LQg VSecWUXP (e.g., 

BaQLca eW aO., 2020; Me\eU eW aO., 2017; RLeVeO eW aO., 2021). IW LV aOVR LPSRUWaQW WR QRWe WKaW 

VRPe facWRUV caQ SOa\ a dRXbOe UROe, acWLQg bRWK aV aQ eaUO\ VKaSLQg facWRU fRUPLQg aQ 

aOWeUed WUaLW-OLNe eUURU PRQLWRULQg V\VWeP aQd aV a PedLaWRU RU PRdeUaWRU LQfOXeQcLQg WKe 

OLQN beWZeeQ WKe ERN aQd SV\cKRSaWKRORg\. FRU e[aPSOe, bLRORgLcaO Ve[ RU geQdeU caQ 

bRWK VKaSe WKe deYeORSPeQW Rf a WUaLW-OLNe aOWeUed eUURU PRQLWRULQg V\VWeP eaUO\ RQ (FLVcKeU 

eW aO., 2016; HLOO eW aO., 2018; IPbXUgLR eW aO., 2020; LaUVRQ eW aO., 2011) aQd OaWeU acW aV a 

PRdeUaWRU LQfOXeQcLQg WKe cRQQecWLRQ beWZeeQ aQ LQcUeaVed ERN aQd aQ[LeW\ (MRVeU eW aO., 

2016). FXUWKeUPRUe, WKe UeVSecWLYe aVVRcLaWLRQV Rf LQWeUQaOL]LQg aQd e[WeUQaOL]LQg 

SV\cKRSaWKRORg\ ZLWK aOWeUed eUURU-UeOaWed bUaLQ acWLYLW\, Pa\ QRW be gRYeUQed b\ a 

cRPPRQ XQdeUO\LQg PecKaQLVP. MeWa-aQaO\WLcaO eYLdeQce LQdLcaWeV WKaW LQdLYLdXaOV ZLWK 

e[WeUQaOL]LQg V\PSWRPV e[KLbLW PRUe VLgQLfLcaQW defLcLWV LQ e[ecXWLYe fXQcWLRQLQg²

LQcOXdLQg LPSaLUed LQfRUPaWLRQ SURceVVLQg aQd dLPLQLVKed beKaYLRUaO SeUfRUPaQce²

cRPSaUed WR XQaffecWed LQdLYLdXaOV (ScKRePaNeU eW aO., 2013; YaQg eW aO., 2022). IQ cRQWUaVW, 

WKLV fLQdLQg dReV QRW aSSeaU WR KROd fRU LQdLYLdXaOV ZLWK LQWeUQaOL]LQg V\PSWRPV (AgQeV 

BUXQQeNUeef eW aO., 2007). CRQVeTXeQWO\, WKe cRgQLWLYe aVSecW Rf WKe ERN Pa\ be PRUe 

cORVeO\ aVVRcLaWed ZLWK e[WeUQaOL]LQg V\PSWRPV, ZKLcK RfWeQ LQcOXde beKaYLRUaO defLcLWV, 

ZKLOe WKe affecWLYe aVSecW Rf WKe ERN Pa\ be PRUe cORVeO\ UeOaWed WR LQWeUQaOL]LQg 

V\PSWRPV, ZKLcK WeQd WR be accRPSaQLed b\ LQWacW beKaYLRUaO SeUfRUPaQce.  

FLQaOO\, bRWK WKe LQWeUQaOL]LQg aQd e[WeUQaOL]LQg VSecWUXPV eQcRPSaVV a bURad aUUa\ 

Rf PeQWaO dLVRUdeUV aQd cRUUeVSRQdLQg V\PSWRPV, SURPSWLQg WZR SULQcLSaO LQTXLULeV. FLUVW, 

ZKaW XQdeUO\LQg OaWeQW SKeQRW\SLcaO dLPeQVLRQV cRQQecW WKeVe V\PSWRPV aQd dLVRUdeUV WR 

RQe aQRWKeU? AQd VecRQd, ZKLcK Rf WKeVe dLPeQVLRQV aUe VSecLfLcaOO\ UeOaWed WR aOWeUaWLRQV 
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LQ WKe ERN? WLWKLQ WKe LQWeUQaOL]LQg VSecWUXP, WUaLW ZRUU\ (MRVeU eW aO., 2013; SaXQdeUV & 

IQ]OLcKW, 2020) aQd WKUeaW VeQVLWLYLW\ (HaMcaN & FRWL, 2008; HeffeU & WLOORXgKb\, 2021; 

PURXdfLW eW aO., 2013; WeLQbeUg eW aO., 2016; WeLQbeUg eW aO., 2012) KaYe beeQ dLVcXVVed aV 

OaWeQW dLPeQVLRQV XQdeUO\LQg aQ[LeW\, RbVeVVLRQ, aQd cRPSXOVLRQV, aQd beLQg OLQNed WR aQ 

LQcUeaVed ERN. HRZeYeU, dXe WR WKe KeWeURgeQeRXV fLQdLQgV UegaUdLQg ERN aOWeUaWLRQV LQ 

deSUeVVLRQ, LW UePaLQV XQceUWaLQ ZKeWKeU WKeVe dLPeQVLRQV aOVR UeOaWe WR deSUeVVLYe 

V\PSWRPV, RU ZKeWKeU a dLffeUeQW OaWeQW dLPeQVLRQ PLgKW SRWeQWLaOO\ OLQN deSUeVVLRQ WR 

aOWeUed ERN aPSOLWXdeV (Lf WKeUe LV a UeOaWLRQVKLS beWZeeQ WKe ERN aQd deSUeVVLRQ aW aOO).  

WLWKLQ WKe e[WeUQaOL]LQg VSecWUXP, LPSXOVLYLW\ (HeffeU & WLOORXgKb\, 2021; HLOO eW 

aO., 2016; OYeUPe\eU eW aO., 2021; RXcKVRZ eW aO., 2005; Ta\ORU eW aO., 2018) aQd ULVN 

WROeUaQce (SaQWeVVR & SegaORZLW], 2009; ZKeQg eW aO., 2014) aUe cRQVLdeUed SRWeQWLaO OaWeQW 

dLPeQVLRQV WKaW XQdeUOLe VXbVWaQce XVe, defLcLWV LQ aWWeQWLRQaO cRQWURO, K\SeUacWLYLW\, aV ZeOO 

aV SV\cKRSaWK\, aQd aUe aVVRcLaWed ZLWK a decUeaVe LQ WKe ERN. HRZeYeU, aW WKe LQWeUVecWLRQ 

Rf LQWeUQaOL]LQg (e.g., SaUaQRLa, aQKedRQLa) aQd e[WeUQaOL]LQg V\PSWRPV (e.g., 

KaOOXcLQaWLRQV, dLVRUgaQL]ed beKaYLRU), WKe VSecLfLc OaWeQW dLPeQVLRQ WKaW OLQNV a K\SRacWLYe 

eUURU PRQLWRULQg V\VWeP ZLWK SV\cKRVLV UePaLQV aQ RSeQ TXeVWLRQ.  

AQRWKeU aUea WKaW ZaUUaQWV fXUWKeU LQYeVWLgaWLRQ LV WKe dLUecWLRQ Rf effecWV. WKLOe 

aOWeUed eUURU-UeOaWed bUaLQ acWLYLW\ LV WUadLWLRQaOO\ YLeZed aV a PaUNeU Rf QeXURbLRORgLcaO 

YXOQeUabLOLW\, LW LV cRQceLYabOe WR K\SRWKeVL]e WKaW cOLQLcaO cRQdLWLRQV cRXOd cUeaWe a 

feedbacN ORRS affecWLQg WKe eUURU PRQLWRULQg V\VWeP. FRU LQVWaQce, aQ[LeW\ LQ UeWXUQ Pa\ 

facLOLWaWe WKe VeQVLWLYLW\ Rf aQ LQdLYLdXaO WR SeUceLYed WKUeaWV aQd, cRQVeTXeQWO\, WR eUURUV. 

IQ WKLV caVe, eYeQ WKRXgK aOWeUed eUURU-UeOaWed bUaLQ acWLYLW\ Pa\ UeSUeVeQW YXOQeUabLOLW\ 

SUecedLQg WKe deYeORSPeQW Rf cOLQLcaO V\PSWRPV, WKeUe cRXOd be PXWXaOO\ UeLQfRUcLQg 

effecWV beWZeeQ eUURU-UeOaWed bUaLQ acWLYLW\ aQd cOLQLcaO V\PSWRPV, UaWKeU WKaQ a VWULcWO\ 

XQLdLUecWLRQaO LQfOXeQce. LaVWO\, LW LV LPSRUWaQW WR ePSKaVL]e WKaW WKe SURSRVed LQWegUaWLYe 

PRdeO UefOecWV RQO\ RQe Rf VeYeUaO SRVVLbOe (QeXUaO) YXOQeUabLOLWLeV²VSecLfLcaOO\, aOWeUed 

eUURU-UeOaWed bUaLQ acWLYLW\²WKaW cRQWULbXWe WR WKe eWLRORg\ Rf SV\cKRSaWKRORg\. 

OYeUaOO, WKe PRdeO VeUYeV aV a deVcULSWLYe fUaPeZRUN WKaW LQWegUaWeV cXUUeQW 

OLWeUaWXUe ZLWKRXW deOYLQg LQWR WKe VSecLfLc PecKaQLVPV XQdeUO\LQg WKe SURSRVed 

aVVRcLaWLRQV. NRQeWKeOeVV, LW SURYLdeV a VLgQLfLcaQW fRXQdaWLRQ fRU fXWXUe UeVeaUcK LQ WKe aUea 

Rf aOWeUed eUURU-UeOaWed bUaLQ acWLYLW\ aV a ULVN PaUNeU fRU bRWK LQWeUQaOL]LQg aQd 

e[WeUQaOL]LQg SV\cKRSaWKRORg\. TKe PRdeO facLOLWaWeV WKe deYeORSPeQW aQd fRUPXOaWLRQ Rf 
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WeVWabOe K\SRWKeVeV UegaUdLQg QeXUaO YXOQeUabLOLWLeV, WKeLU UeOaWLRQVKLS ZLWK SV\cKR-

SaWKRORgLcaO SKeQRW\SeV, aQd WKe SRWeQWLaO LQWeULQdLYLdXaO YaULaWLRQV LQ deYeORSPeQWaO 

WUaMecWRULeV. FRU e[aPSOe, RQe VSecLfLc SUedLcWLRQ Rf WKe PRdeO VXggeVWV WKaW LQdLYLdXaOV 

e[SRVed WR a SXQLWLYe SaUeQWLQg VW\Oe dXULQg cKLOdKRRd aQd adROeVceQce Pa\ deYeORS a 

K\SeUacWLYe eUURU PRQLWRULQg V\VWeP, ZKLcK LQcUeaVeV WKe ULVN Rf LQWeUQaOL]LQg 

SV\cKRSaWKRORgLcaO cRQdLWLRQV (e.g., aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV). TKLV 

ULVN LV SaUWLcXOaUO\ KeLgKWeQed LQ ZRPeQ aQd WKRVe facLQg adYeUVe OLfe cRQdLWLRQV WKaW LQdXce 

VLgQLfLcaQW VWUeVV. IQ VXPPaU\, WKe LQWegUaWLYe PRdeO caQ gXLde fXWXUe UeVeaUcK b\ LQfRUPLQg 

VWXd\ deVLgQV aLPed aW ULgRURXVO\ LQYeVWLgaWLQg eacK Rf WKe SURSRVed SUedLcWLRQV RU eYeQ 

eQWLUe SaWKZa\V. AddLWLRQaOO\, LW Pa\ LQVSLUe UeVeaUcKeUV WR LdeQWLf\ aQd e[aPLQe WKe SUecLVe 

PecKaQLVPV beKLQd WKeVe SUedLcWLRQV, WKeUeb\ SURgUeVVLYeO\ eQKaQcLQg RXU XQdeUVWaQdLQg 

Rf WKe QeXURbLRORgLcaO eWLRORg\ Rf SV\cKRSaWKRORgLcaO cRQdLWLRQV. 

4.7 SWUHQJWKV DQG LLPLWDWLRQV 

NaWXUaOO\, WKe UeVeaUcK cRYeUed LQ WKLV dLVVeUWaWLRQ cRPeV ZLWK ceUWaLQ VWUeQgWKV bXW 

aOVR ZLWK cRQVLdeUabOe OLPLWaWLRQV. OQe Rf WKe PaLQ VWUeQgWKV Rf WKLV dLVVeUWaWLRQ LV WKe 

RYeUaUcKLQg aLP WR e[SORUe VSecLfLc aVVRcLaWLRQV OLQNLQg QeXUaO LQdLceV Rf SeUfRUPaQce 

PRQLWRULQg ZLWK SV\cKRSaWKRORg\ Rf WKe aQ[LeW\- aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. TKe 

UecUXLWPeQW Rf SaUWLcLSaQWV ZaV gXLded b\ a WUaQVdLagQRVWLc aQd dLPeQVLRQaO aSSURacK, 

\LeOdLQg OaUge VaPSOeV WKaW eQcRPSaVV a ZLde VSecWUXP Rf V\PSWRP VeYeULW\ aQd PeQWaO 

dLVRUdeUV (n = 151 cOLQLcaO aQd n = 208 QRQcOLQLcaO SaUWLcLSaQWV acURVV aOO WKUee VWXdLeV). 

MRUeRYeU, WKe UeVeaUcK deVLgQV LQcRUSRUaWed a dLYeUVe UaQge Rf PeWKRdRORgLcaO VWUaWegLeV, 

LQcOXdLQg RbVeUYaWLRQaO, e[SeULPeQWaO, aQd SURVSecWLYe eOePeQWV. TKLV LQcOXded a 

UaQdRPL]ed-cRQWUROOed WULaO, cURVV-VecWLRQaO gURXS cRPSaULVRQV acURVV YaULRXV dLagQRVWLc 

caWegRULeV, aQd ORQg-WeUP ORQgLWXdLQaO fROORZ-XS aVVeVVPeQWV XQdeU UeaO-OLfe cRQdLWLRQV, 

SURYLdLQg a cRPSUeKeQVLYe XQdeUVWaQdLQg Rf WKe WRSLcV VWXdLed. TKe UeVeaUcK TXeVWLRQV aQd 

K\SRWKeVeV Rf aOO VWXdLeV ZeUe WKeRUeWLcaOO\ aQd ePSLULcaOO\ deULYed, WKeUeb\ MXVWLfLed baVed 

RQ WKe e[WeQVLYe bRd\ Rf aYaLOabOe OLWeUaWXUe. AOLgQLQg ZLWK WKe SULQcLSOeV Rf RSeQ VcLeQce, 

WKe PaMRULW\ Rf UeVeaUcK TXeVWLRQV, K\SRWKeVeV, aQd VWXd\ deVLgQV ZeUe SUeUegLVWeUed SULRU 

WR daWa cROOecWLRQ. AddLWLRQaOO\, WKe ePSOR\ed e[SORUaWLYe aQaO\VeV aOORZ fRU fXWXUe 

cRQfLUPaWRU\ WeVWLQg Rf QeZ K\SRWKeVeV RQ SRWeQWLaO UeOaWLRQVKLSV aQd PecKaQLVPV. 

FXUWKeUPRUe, VaPSOe VL]e eVWLPaWLRQV ZeUe baVed RQ a SULRUL SRZeU aQaO\VeV aQd a 

VXbVWaQWLaO aPRXQW Rf WKe SUeVeQWed daWa, aORQgVLde WKe cRUUeVSRQdLQg aQaO\WLcaO cRde, aUe 

SXbOLcO\ acceVVLbOe LQ aQ RQOLQe UeSRVLWRU\, eQKaQcLQg WUaQVSaUeQc\ aQd UeSURdXcLbLOLW\. 
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UOWLPaWeO\, addUeVVLQg WKe PeWKRdRORgLcaO KeWeURgeQeLW\ LQ ERP VcRULQg, aOO WKUee VWXdLeV 

fRcXVed RQ dePRQVWUaWLQg WKe VSecLfLcLW\ Rf WKe RbVeUYed effecWV acURVV a PXOWLYeUVe Rf 

SRWeQWLaO TXaQWLfLcaWLRQ VWUaWegLeV aQd ePSOR\ed PeaVXUeV ZLWK VWURQg SV\cKRPeWULc 

SURSeUWLeV WKaW UeOLabO\ caSWXUed YaULRXV cOLQLcaO faceWV aQd QeXUaO SURceVVeV aPRQg 

SaUWLcLSaQWV.  

HRZeYeU, WKeUe aUe aOVR VeYeUaO OLPLWaWLRQV WR WaNe LQWR cRQVLdeUaWLRQ. FLUVW aQd 

fRUePRVW, aOWKRXgK WKe SULQcLSOe aLP ZaV WR ePSOR\ a WUaQVdLagQRVWLc aQd dLPeQVLRQaO 

aSSURacK LQ RUdeU WR e[SORUe WKe OLQN beWZeeQ QeXUaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg 

aQd WKe VSecWUXP Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV, WKe SUeVeQWed UeVeaUcK 

dLd QRW cRYeU WKe fXOO UaQge Rf SRWeQWLaOO\ UeOeYaQW dLVRUdeUV. IQcRUSRUaWLQg geQeUaOL]ed 

aQ[LeW\ dLVRUdeU, SaQLc dLVRUdeU, aQd agRUaSKRbLa LQ fXWXUe LQYeVWLgaWLRQV cRXOd 

VLgQLfLcaQWO\ eQULcK RXU XQdeUVWaQdLQg Rf WKe eQWLUe WUaQVdLagQRVWLc VSecWUXP Rf aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe dLVRUdeUV. NRWabO\, UegaUdLQg WKe SaUWLcLSaQWV ZLWK PeQWaO dLVRUdeUV 

LQcOXded LQ WKe VaPSOe, dLVRUdeUV PRVW fUeTXeQWO\ caWegRUL]ed ZLWKLQ WKe LQWeUQaOL]LQg 

VSecWUXP LQ WKLV dLVVeUWaWLRQ ZeUe deSUeVVLRQ (42.9%), VSecLfLc SKRbLa (32.7%), SAD 

(29.5%), OCD (26.1%), aQd VOeeS dLVRUdeUV (12.8%). FXUWKeUPRUe, WKe VWXd\ VaPSOeV 

e[cOXVLYeO\ cRPSULVed adXOW SaUWLcLSaQWV, ZKLcK SUecOXdeV WKe geQeUaOL]aWLRQ Rf WKeVe 

fLQdLQgV WR \RXQgeU SRSXOaWLRQV. TKLV LV SaUWLcXOaUO\ VLgQLfLcaQW aV WKe LQLWLaO RQVeW Rf 

aQ[LeW\ dLVRUdeUV W\SLcaOO\ RccXUV dXULQg adROeVceQce aQd eaUO\ adXOWKRRd (LLMVWeU eW aO., 

2017; SROPL eW aO., 2022).  

AQRWKeU VLgQLfLcaQW OLPLWaWLRQ Rf WKLV dLVVeUWaWLRQ LV LWV LQabLOLW\ WR deOLQeaWe VSecLfLc 

QeXURbLRORgLcaO PecKaQLVPV WKaW PRdXOaWe WKe dLffeUeQWLaO WUaMecWRULeV fURP QeXUaO 

YXOQeUabLOLW\ WR SV\cKRSaWKRORg\, aV WKLV ZaV QRW WKe SULPaU\ aLP Rf WKe LQcOXded VWXdLeV. 

WKLOe WKe daWa SUeVeQWed KeUeLQ, LQ cRQMXQcWLRQ ZLWK e[LVWeQW OLWeUaWXUe, VXggeVW WKaW adYeUVe 

OLfe eYeQWV, LQWeUSeUVRQaO VWUeVV, bLRORgLcaO Ve[ RU geQdeU, aQd WePSeUaPeQW aUe LPSRUWaQW 

SOa\eUV LQ WKLV d\QaPLc, WKe SUecLVe QeXURbLRORgLcaO SURceVVeV b\ ZKLcK WKeVe facWRUV 

LQfOXeQce aQ LQdLYLdXaO¶V SeUfRUPaQce PRQLWRULQg V\VWeP UePaLQ WR be LQYeVWLgaWed b\ 

fXWXUe UeVeaUcK (e.g., WKe LQfOXeQce Rf Ve[ KRUPRQeV RU cRUWLVRO). MRUeRYeU, VLPLOaU WR 

bURadeU LVVXeV Rf SV\cKRSK\VLRORgLcaO UeVeaUcK (PaXO eW aO., 2022; SLPPRQV eW aO., 2011), 

WKLV dLVVeUWaWLRQ LV faced ZLWK WKe XQUeVROYed LVVXe UegaUdLQg WKe PeWKRdRORgLcaO PXOWLYeUVe 

Rf EEG SUeSURceVVLQg aQd ERP VcRULQg. AOWKRXgK effRUWV ZeUe Pade WR PLWLgaWe WKLV b\ 

ePSOR\LQg YaULRXV cRPPRQO\ XVed VcRULQg VWUaWegLeV (n = 4 fRUNLQg SaWKV LQ VWXd\ 1, n = 5 
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LQ VWXd\ 2), VRPe Rf WKe UeVXOWV Rf WKLV dLVVeUWaWLRQ ZeUe SaUWLaOO\ VeQVLWLYe WR WKe cKRVeQ 

PeWKRd. FLUVW VWXdLeV KaYe begXQ WR addUeVV WKLV fXQdaPeQWaO PeWKRdRORgLcaO gaS 

(KOaZRKQ, Me\eU, eW aO., 2020; SaQdUe eW aO., 2020); QRQeWKeOeVV, WKe fLeOd Rf aQ[LeW\ 

UeVeaUcK VWLOO OacNV XQeTXLYRcaO, ePSLULcaOO\ VXSSRUWed gXLdeOLQeV fRU PeaVXULQg aQd 

VcRULQg eOecWURSK\VLRORgLcaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg. EVWabOLVKLQg VXcK 

gXLdeOLQeV LV LPSeUaWLYe QRW RQO\ fRU UeSRUWLQg YaOLd RXWcRPeV bXW aOVR fRU LPSURYLQg WKe 

cRPSaUabLOLW\ Rf UeVXOWV acURVV dLffeUeQW VWXdLeV. 

4.8 FXWXUH DLUHFWLRQV 

BaVed RQ WKe UeVeaUcK cRQdXcWed LQ WKLV dLVVeUWaWLRQ aQd SUeYLRXV VWXdLeV, VeYeUaO 

cRQcOXVLRQV caQ be dUaZQ fRU fXWXUe UeVeaUcK. FLUVWO\, UefLQLQg PeWKRdRORgLcaO 

UecRPPeQdaWLRQV fRU PeaVXULQg WKe ERN ZRXOd gUeaWO\ eQKaQce LWV SRWeQWLaO aV a YaOXabOe 

dLagQRVWLc aQd SURgQRVWLc WRRO fRU LQdLYLdXaOV aW ULVN Rf SV\cKRSaWKRORg\. TKe LdeQWLfLcaWLRQ 

Rf WKeVe LQdLYLdXaOV, SaUWLcXOaUO\ LQ cOLQLc aQd VcKRRO VeWWLQgV, cRXOd be KLgKO\ XVefXO LQ 

gXLdLQg decLVLRQV RQ KRZ WR SUeYeQW RU PLWLgaWe WKe SRWeQWLaO cKaOOeQgeV Rf PeQWaO KeaOWK 

LQ YXOQeUabOe SRSXOaWLRQV (LaKaW eW aO., 2014; Me\eU, 2017; Me\eU, HaMcaN, eW aO., 2015; 

Me\eU eW aO., 2021; Me\eU, NeOVRQ, eW aO., 2018). HRZeYeU, WKLV UeTXLUeV VWaQdaUdL]ed WaVNV 

aORQgVLde deYeORSPeQWaOO\ aSSURSULaWe QRUPV WKaW aUe cRPSaUabOe WR RWKeU eVWabOLVKed 

cOLQLcaO RXWcRPeV, VXcK aV WKRVe RbWaLQed WKURXgK cOLQLcaO TXeVWLRQQaLUeV. FRUWXQaWeO\, 

LQLWLaO effRUWV WRZaUd eVWabOLVKLQg WKeVe VWaQdaUdV KaYe beeQ Pade (IPbXUgLR eW aO., 2020). 

OQce WKeVe RbVWacOeV KaYe beeQ RYeUcRPe, PeaVXULQg aQ LQdLYLdXaO¶V EEG ZKLOe 

SeUfRUPLQg a UeVSRQVe cRQfOLcW WaVN cRXOd SURYLde a WLPe-effLcLeQW aQd cRVW-effecWLYe 

PeWKRd WR eQKaQce e[LVWLQg cOLQLcaO SURWRcROV. TKLV aSSURacK ZRXOd aOORZ fRU PRUe WaUgeWed 

SUeYeQWLYe acWLRQV RU WUeaWPeQWV WKaW cRQVLdeU WKe QeXUaO fXQcWLRQLQg Rf aQ LQdLYLdXaO, LQ 

addLWLRQ WR WUadLWLRQaO facWRUV XVed LQ deYeORSLQg WUeaWPeQW SOaQV. CXUUeQW e[SRVXUe-baVed 

LQWeUYeQWLRQV XVed fRU WKe WUeaWPeQW Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV, VXcK 

aV CBT, KaYe QRW dePRQVWUaWed VLgQLfLcaQW caSacLW\ WR PRdLf\ aOWeUed ERN aPSOLWXdeV 

(GRUNa eW aO., 2018; HaMcaN eW aO., 2008; KXMaZa eW aO., 2016; LadRXceXU eW aO., 2018; RLeVeO 

eW aO., 2015). TKXV, aXgPeQWLQg CBT ZLWK WaLORUed LQWeUYeQWLRQV WKaW dLUecWO\ WaUgeW aQ 

eQKaQced ERN SUeVeQWV a SURPLVLQg aSSURacK WR SRWeQWLaOO\ LQcUeaVe WKe ORQg-WeUP effLcac\ 

Rf WUeaWPeQWV fRU aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe dLVRUdeUV. 

IQLWLaO eYLdeQce VXggeVWV WKaW aQ eUURU VeQVLWLYLW\ WUaLQLQg caQ VXcceVVfXOO\ UedXce 

ERN aPSOLWXdeV LQ QRQcOLQLcaO adXOWV (Me\eU eW aO., 2020); KRZeYeU, WKLV WUaLQLQg Kad QR 
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VLgQLfLcaQW LPSacW RQ WKe ERN LQ a SedLaWULc VaPSOe (Me\eU eW aO., 2023). SLPLOaUO\, WKe 

UeVXOWV cRQceUQLQg WKe effLcac\ Rf aWWeQWLRQaO bLaV PRdLfLcaWLRQ aUe PL[ed, VKRZLQg SRVLWLYe 

effecWV RQ WKe ERN LQ XQdeUgUadXaWe VWXdeQWV aQd OCD SaWLeQWV (KOaZRKQ, HaMcaN, eW aO., 

2020; NeOVRQ eW aO., 2015; TaQ eW aO., 2021), bXW QR VLgQLfLcaQW cKaQgeV LQ LQdLYLdXaOV ZLWK 

KLgK WUaLW aQ[LeW\ (CaUOVRQ eW aO., 2021). MRUeRYeU, fLQdLQgV UegaUdLQg WKe LPSacW Rf 

ePRWLRQaO e[SUeVVLYe ZULWLQg LQWeUYeQWLRQV RQ WKe ERN (ScKURdeU eW aO., 2018) KaYe beeQ 

LQcRQVLVWeQW, ZLWK VWXd\ 1 Rf WKLV dLVVeUWaWLRQ beLQg XQabOe WR UeSOLcaWe SUeYLRXV UeVXOWV. 

TKeVe PL[ed fLQdLQgV KLgKOLgKW WKe XUgeQW Qeed fRU WKe deYeORSPeQW Rf URbXVW, WaLORUed 

LQWeUYeQWLRQV WKaW caQ effecWLYeO\ PRdLf\ QeXUaO LQdLceV aVVRcLaWed ZLWK PeQWaO KeaOWK ULVNV. 

IW LV aOVR YLWaO WR QRW RQO\ YeULf\ WKe SULQcLSaO effLcac\ Rf WKeVe LQWeUYeQWLRQV bXW aOVR WR 

e[aPLQe WKeLU LQcUePeQWaO effecW aQd ORQg-WeUP VXVWaLQabLOLW\ Rf WKeUaS\ RXWcRPeV, ZKeQ 

XVed aV aXgPeQWaWLRQ VWUaWegLeV. SXcK effRUWV ZLOO eQVXUe a PRUe cRPSUeKeQVLYe aSSURacK 

Rf eQKaQcLQg PeQWaO KeaOWK WUeaWPeQW WKURXgK QeXURVcLeQWLfLcaOO\ LQfRUPed RXWcRPeV. 

LaVWO\, aOWKRXgK WKe UeVXOWV Rf WKLV dLVVeUWaWLRQ OeaQ WRZaUdV YLeZLQg WKe CRN aV a SRWeQWLaO 

YXOQeUabLOLW\ PaUNeU VLPLOaU WR WKe ERN, VXggeVWLQg WKaW LW cRXOd be a SURPLVLQg caQdLdaWe 

fRU fXUWKeU LQWeUYeQWLRQV, LW LV SUePaWXUe WR UeacK a defLQLWLYe cRQcOXVLRQ gLYeQ WKe OLPLWed 

OLWeUaWXUe RQ WKe CRN. FXUWKeU UeVeaUcK LV Qeeded WR e[SORUe WKe UROe Rf aOWeUed CRN 

aPSOLWXdeV LQ LQWeUQaOL]LQg aQd e[WeUQaOL]LQg SV\cKRSaWKRORg\.  

TaNeQ WRgeWKeU, WKe UeVeaUcK fLeOd ePSKaVL]eV WKe Qeed fRU fXWXUe VWXdLeV WR 

LQYeVWLgaWe WKe VSecLfLc QeXURbLRORgLcaO PecKaQLVPV XQdeUO\LQg WKe aVVRcLaWLRQV beWZeeQ 

QeXUaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg acURVV WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe 

VSecWUXP aQd WKeLU UROe LQ WKe eWLRORg\ Rf UeOaWed dLVRUdeUV. IQ SaUWLcXOaU, e[SORULQg WKe 

LQfOXeQce Rf Ve[ aQd VWUeVV KRUPRQeV SUeVeQWV SURPLVLQg aYeQXeV fRU LQYeVWLgaWLRQ, aV WKLV 

dLVVeUWaWLRQ cOeaUO\ KLgKOLgKWV WKe LQWeUacWLRQV LQYROYLQg geQdeU aQd VWUeVV UeVSRQVe. 

AddLWLRQaOO\, fXWXUe UeVeaUcK VKRXOd eQcRPSaVV QRW RQO\ WKe UecUXLWPeQW Rf OaUge VaPSOeV 

WKaW e[WeQd be\RQd WUadLWLRQaO dLagQRVWLc bRXQdaULeV bXW aOVR WKe e[aPLQaWLRQ Rf a YaULeW\ 

Rf QeXUaO LQdLceV aQd VcRULQg PeWKRdRORgLeV. B\ dePRQVWUaWLQg WKe VSecLfLcLW\ Rf SRWeQWLaO 

effecWV, WKe YaOLdLW\ Rf WKe fLQdLQgV cRQceUQLQg WKeVe UeOaWLRQVKLSV ZLOO be eQKaQced. TKLV 

aSSURacK KROdV WKe SRWeQWLaO WR cRQWULbXWe WR a deeSeU XQdeUVWaQdLQg Rf WKe QeXUaO 

PecKaQLVPV XQdeUO\LQg WKeVe dLVRUdeUV aQd Pa\ Oead WR PRUe effecWLYe, WaUgeWed 

LQWeUYeQWLRQV. MRUeRYeU, WKeUe LV a cRPSeOOLQg Qeed WR LQYeVWLgaWe WKe LQWeUSOa\ Rf 

QeXURbLRORgLcaO PaUNeUV ZLWK LQdLYLdXaO aQd eQYLURQPeQWaO facWRUV, XWLOL]LQg PRUe QXaQced 

UeVeaUcK aSSURacKeV. TKeVe aSSURacKeV VKRXOd aLP WR SUecLVeO\ deOLQeaWe WKe XQdeUO\LQg 
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PecKaQLVPV OeadLQg WR SV\cKRSaWKRORgLcaO cRQdLWLRQV, cRQVLdeULQg dLffeUeQW OeYeOV ZLWKLQ 

a bLR-SV\cKR-VRcLaO fUaPeZRUN, aV ZeOO aV WKeLU cKURQRORgLcaO VeTXeQce dXULQg 

deYeORSPeQWaO VWageV acURVV WKe OLfeVSaQ. IQ e[SORULQg WKe eWLRORg\ Rf YXOQeUabLOLW\ WR WKeVe 

cRQdLWLRQV, LW LV cUXcLaO WR cRQVLdeU a PXOWLWXde Rf cRQWULbXWLQg facWRUV. TKLV LQcOXdeV YaULRXV 

QeXURbLRORgLcaO VXbVWUaWeV (e.g., geQeWLc SUedLVSRVLWLRQV aQd bUaLQ fXQcWLRQLQg), 

SV\cKRORgLcaO RXWcRPeV (e.g., SeUVRQaOLW\ WUaLWV aQd cRSLQg PecKaQLVPV), aQd 

eQYLURQPeQWaO LQfOXeQceV (e.g., faPLO\ cRQWe[W aQd SaUeQWLQg VW\Oe). IQYeVWLgaWLQg WKe 

LQWeUSOa\ beWZeeQ WKeVe dLYeUVe facWRUV KROdV SURPLVe fRU LdeQWLf\LQg LQdLYLdXaOV ZKR aUe 

aW KeLgKWeQed ULVN fRU deYeORSLQg SV\cKRSaWKRORgLcaO V\PSWRPV. IW LV aOVR LPSRUWaQW WR 

UecRgQL]e WKaW WKeVe YXOQeUabLOLW\ facWRUV Pa\ eYROYe RYeU WLPe, VKaSed b\ WKe dLVWLQcW 

deYeORSPeQWaO SKaVeV aQ LQdLYLdXaO e[SeULeQceV. CRQVeTXeQWO\, cRQdXcWLQg ORQgLWXdLQaO 

cRKRUW VWXdLeV ZLOO be YLWaO fRU eQKaQcLQg RXU XQdeUVWaQdLQg Rf WKeVe d\QaPLcV. OYeUaOO, 

acKLeYLQg a cRPSUeKeQVLYe XQdeUVWaQdLQg Rf WKe LQWULcaWe UeOaWLRQVKLSV aPRQg bLRORgLcaO, 

SV\cKRORgLcaO, aQd VRcLaO facWRUV LQ WKe deYeORSPeQW aQd SURgUeVVLRQ Rf aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe V\PSWRPV LV eVVeQWLaO. TKLV XQdeUVWaQdLQg ZLOO LQfRUP WKe 

cRQceSWLRQ Rf WaUgeWed SUeYeQWLRQ aQd LQWeUYeQWLRQ VWUaWegLeV, XOWLPaWeO\ OeadLQg WR PRUe 

effecWLYe VXSSRUW fRU LQdLYLdXaOV aW ULVN. 

4.9 CRQFOXVLRQ 

IQ cRQcOXVLRQ, WKLV dLVVeUWaWLRQ aLPed aW UefLQLQg WKe XQdeUVWaQdLQg Rf QeXUaO 

SeUfRUPaQce PRQLWRULQg ZLWKLQ WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP b\ 

cRQdXcWLQg RbVeUYaWLRQaO, e[SeULPeQWaO, aQd SURVSecWLYe VWXdLeV. Ke\ fLQdLQgV LQdLcaWe WKaW 

WUaLWV dLPeQVLRQV OLNe WUaLW ZRUU\ aUe VLgQLfLcaQWO\ aVVRcLaWed ZLWK OaUgeU ERN aQd CRN 

aPSOLWXdeV, UaWKeU WKaQ VWaWe YaULaWLRQV LQ V\PSWRPV VXcK aV VWaWe ZRUU\. TKLV VXggeVWV WKaW 

bUaLQ acWLYLW\ aVVRcLaWed ZLWK SeUfRUPaQce PRQLWRULQg UefOecWV a PRUe SeUPaQeQW, WUaLW-OLNe 

cKaUacWeULVWLc Rf aQ LQdLYLdXaO UaWKeU WKaQ fOXcWXaWLQg VWaWe cRQdLWLRQV. FXUWKeUPRUe, 

eQKaQced QeXUaO SeUfRUPaQce PRQLWRULQg ZaV QRW LQdLcaWLYe Rf a VSecLfLc dLVRUdeU W\Se bXW 

ZaV PRUe bURadO\ OLQNed ZLWK WKe LQWeUQaOL]LQg VSecWUXP, SUedRPLQaQWO\ eQcRPSaVVLQg 

aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe, aQd deSUeVVLYe dLVRUdeUV. HRZeYeU, QRW RQO\ WKe cOLQLcaO 

VWaWXV Rf aQ LQdLYLdXaO, bXW aOVR a faPLO\ KLVWRU\ Rf LQWeUQaOL]LQg SV\cKRSaWKRORg\ LV 

VeePLQgO\ aVVRcLaWed ZLWK KeLgKWeQed SeUfRUPaQce PRQLWRULQg, VXSSRUWLQg WKe QRWLRQ Rf aQ 

LQcUeaVed ERN/CRN aV eOecWURSK\VLRORgLcaO ULVN PaUNeUV. AddLWLRQaOO\, WKe SUeVeQWed 

UeVeaUcK KLgKOLgKWV LPSRUWaQW PRdeUaWRUV VXcK aV bLRORgLcaO Ve[ RU geQdeU, ZKLcK LQfOXeQce 

WKe OLQN beWZeeQ QeXUaO SeUfRUPaQce PRQLWRULQg aQd aQ[LeW\, SaUWLcXOaUO\ QRWLQg VWURQgeU 
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aVVRcLaWLRQV Rf ERN/CRN aPSOLWXdeV aQd WUaLW ZRUU\ LQ ZRPeQ. MRUeRYeU, adYeUVe OLfe 

eYeQWV WKaW SRVe ULVNV WR SeUVRQaO KeaOWK, VXcK aV WKe COVID-19 SaQdePLc, dLd QRW dLUecWO\ 

aOWeU WKe UeOaWLRQVKLS beWZeeQ QeXUaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg aQd LQWeUQaOL]LQg 

V\PSWRPV. IQVWead, WKe\ PedLaWed WKLV UeOaWLRQVKLS LQdLUecWO\ b\ LQcUeaVed SeUceLYed ULVN 

aQd VWUeVV OeYeOV, ZKLcK LQ WXUQ QRQVSecLfLcaOO\ e[aceUbaWed aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, 

aQd deSUeVVLYe V\PSWRPV. TKLV VXggeVWV a SRWeQWLaO PecKaQLVP WKURXgK ZKLcK QeXUaO 

YXOQeUabLOLW\²aV LQdLcaWed b\ aOWeUed eOecWURSK\VLRORgLcaO LQdLceV Rf SeUfRUPaQce 

PRQLWRULQg²WUaQVOaWeV LQWR LQWeUQaOL]LQg V\PSWRPV, WKeUeb\ SURYLdLQg dLUecWLRQV fRU fXWXUe 

UeVeaUcK. 

OYeUaOO, WKe aSSOLcaWLRQ Rf a WUaQVdLagQRVWLc aQd dLPeQVLRQaO SeUVSecWLYe aOORZV fRU 

a PRUe QXaQced XQdeUVWaQdLQg WKaW e[WeQdV be\RQd caWegRULcaO dLagQRVWLc bRXQdaULeV. TKLV 

QRW RQO\ ePSKaVL]eV WKe cRPPRQaOLWLeV acURVV dLffeUeQW dLVRUdeUV bXW aOVR SRLQWV WR WKe 

XWLOLW\ Rf WKe ERN aQd CRN aV SRWeQWLaO WRROV WR LdeQWLf\ LQdLYLdXaOV aW ULVN, UegaUdOeVV Rf 

VSecLfLc dLagQRVWLc OabeOV. CRQVeTXeQWO\, WKLV dLVVeUWaWLRQ adYRcaWeV a VKLfW WRZaUdV a PRUe 

LQWegUaWLYe PRdeO Rf XQdeUVWaQdLQg LQWeUQaOL]LQg aQd e[WeUQaOL]LQg SV\cKRSaWKRORg\, 

LQcRUSRUaWLQg a cRPSOe[ LQWeUSOa\ Rf geQeWLc, bLRORgLcaO, cRgQLWLYe, WePSeUaPeQWaO, aQd 

eQYLURQPeQWaO facWRUV VKaSLQg aQ LQdLYLdXaO¶V QeXUaO YXOQeUabLOLW\. AddLWLRQaOO\, WKe 

SURSRVed PRdeO cRQVLdeUV dLffeUeQWLaO deYeORSPeQWaO WUaMecWRULeV Rf SV\cKRSaWKRORg\ b\ 

ePSKaVL]LQg WKe LQfOXeQce Rf YaULRXV SRWeQWLaO PRdeUaWRUV aQd PedLaWRUV VXcK aV bLRORgLcaO 

Ve[, geQdeU, RU adYeUVe aQd VWUeVVfXO OLfe eYeQWV, ZKLOe aOVR RXWOLQLQg OaWeQW dLPeQVLRQV 

XQdeUO\LQg cOLQLcaO SKeQRW\SeV. HRZeYeU, ZKLOe WKLV ZRUN SULPaULO\ addUeVVeV LQWeUQaOL]LQg 

SV\cKRSaWKRORg\, LW UePaLQV RSeQ ZKeWKeU WKe LdeQWLfLed PRdXOaWLQg facWRUV aUe aOVR 

aSSOLcabOe WR WKe e[WeUQaOL]LQg RU WKRXgKW dLVRUdeU VSecWUXP. FXWXUe UeVeaUcK VKRXOd bXLOd 

XSRQ WKeVe fLQdLQgV b\ UefLQLQg WKe WKeRUeWLcaO aQd ePSLULcaO fUaPeZRUNV XVed WR aQaO\]e 

QeXUaO LQdLceV Rf SeUfRUPaQce PRQLWRULQg aQd WKeLU OLQNV WR SV\cKRSaWKRORg\. TR WKLV eQd, 

a deYeORSPeQWaO SeUVSecWLYe WKaW e[aPLQeV KRZ bLRORgLcaO, SV\cKRORgLcaO, aQd 

eQYLURQPeQWaO facWRUV cROOecWLYeO\ LQfOXeQce QeXUaO SeUfRUPaQce PRQLWRULQg LQ eaUO\ OLfe LV 

eVVeQWLaO, ZKLOe aOVR cRQVLdeULQg SRWeQWLaO LQWeUacWLRQV ZLWK fXWXUe deYeORSPeQWaO VWageV. 

SXcK a cRPSUeKeQVLYe XQdeUVWaQdLQg cRXOd facLOLWaWe WKe deYeORSPeQW Rf PRUe WaUgeWed aQd 

SeUVRQaOL]ed LQWeUYeQWLRQV WKaW addUeVV bRWK WKe QeXUaO aQd SV\cKRVRcLaO facWRUV 

cRQWULbXWLQg WR deYeORSPeQW Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV. 
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ASSHQGL[ 

ASSHQGL[ A1 ± AGGLWLRQDO AQDO\VHV RI SWXG\ 1 

 

TDEOH A1.1. ReVXOWV Rf WKe IQWeUacWLRQ Rf TUaLW aQd SWaWe WRUU\ RQ AOWeUaWLRQV Rf ERN aQd 

CRN. 

 b SE t p R2
 F df p 

ERN DLII. T1 ± T0     0.04 1.19 3, 86 .318 
Trait Worry -0.04 0.03 -1.30 .199     
State Worry 0.00 0.07 0.01 .996     
Trait u State Worry 0.00 0.00 0.37 .709     

CRN DLII. T1 ± T0     0.01 0.16 3, 86 .922 
Trait Worry -0.01 0.01 -0.58 .561     
State Worry 0.01 0.02 0.26 .792     
Trait u State Worry 0.00 0.00 -0.25 .806     

Note. ERN = eUURU-UeOaWed QegaWLYLW\ (PeaVXUed aW FC], SeaN-WR-SeaN) dLffeUeQce beWZeeQ 
T1 ± T0; CRN = cRUUecW-UeVSRQVe QegaWLYLW\ (PeaVXUed aW FC], SeaN-WR-SeaN) dLffeUeQce 
beWZeeQ T1 ± T0; WUaLW ZRUU\ = PeQQ SWaWe WRUU\ QXeVWLRQQaLUe; VWaWe ZRUU\ = dLffeUeQce 
Rf VeOf-UeSRUWed VWaWe ZRUU\ beWZeeQ T1 aQd T0. N = 90. 
 
TDEOH A1.2. ReVXOWV Rf PRWeQWLaO IQWeUYeQWLRQ EffecWV RQ WKe Pe. 

 F df K௣
ଶ  p 

Group  1.55 1, 87 0.03 .218 
Time  0.46 1, 87 0.01 .498 
Group × Time 2.42 2, 87 0.05 .095 

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ 
aPSOLWXde Rf 200 WR 400 PV, baVeOLQe cRUUecWed fRU -500 WR -
300 PV); gURXS (LQdXcWLRQ, UedXcWLRQ, cRQWURO); WLPe (T0, T1). 
UQcRUUecWed VeSaUaWe SRVW-KRc ANOVAV fRU eacK gURXS dLd 
QRW UeYeaO a VLgQLfLcaQW effecW (aOO pV >.16). N = 90. 
 

TDEOH A1.3. ReVXOWV Rf WKe PRWeQWLaO AVVRcLaWLRQ Rf TUaLW WRUU\ aQd WKe Pe. 

 b SE t p R2
 F df p 

PH     0.15 5.15 3, 86 .003 
Gender 1.77 0.80 2.23 .028     
PSWQ -0.01 0.03 -0.27 .790     
Gender u PSWQ -0.11 0.08 -1.53 .131     

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ aPSOLWXde Rf 200 WR 400 PV, baVeOLQe 
cRUUecWed fRU -500 WR -300 PV); PSWQ = PeQQ SWaWe WRUU\ QXeVWLRQQaLUe (WUaLW ZRUU\) ZaV 
PeaQ-ceQWeUed. SLgQLfLcaQW p <.05 SULQWed LQ bROd. N = 90. 
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ASSHQGL[ A2 ± AGGLWLRQDO AQDO\VHV RI SWXG\ 2 

 
TDEOH A2.1. ANCOVA ReVXOWV RegaUdLQg PRWeQWLaO 
DLffeUeQceV Rf EaUO\ aQd LaWe Pe BeWZeeQ DLagQRVWLc 
GURXSV. 

 F df K௣
ଶ  p 

Early Pe     
Group 0.91 3, 151 0.02 .439 

Late Pe     
Group 0.84 3, 151 0.02 .473 

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ 
aPSOLWXde Rf 200 WR 400 PV (eaUO\) aQd 400 WR 600 PV 
(OaWe), baVeOLQe cRUUecWed fRU -500 WR -300 PV); gURXS 
(OCD, SAD, PHOB, CON). DXe WR beKaYLRUaO 
dLffeUeQceV beWZeeQ WKe gURXSV, aQaO\VeV ZeUe 
cRQWUROOed fRU eUURU UeVSRQVe WLPeV. N = 156. 
 
TDEOH A2.2. ANCOVA ReVXOWV RegaUdLQg PRWeQWLaO 
DLffeUeQceV Rf EaUO\ aQd LaWe Pe BeWZeeQ DLagQRVWLc 
GURXSV (IQcOXdLQg a SWULcWO\ HeaOWK\ CRQWURO GURXS). 

 F df K௣
ଶ  p 

Early Pe     
Group 0.83 3, 146 0.02 .479 

Late Pe     
Group 0.81 3, 146 0.02 .489 

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ 
aPSOLWXde Rf 200 WR 400 PV (eaUO\) aQd 400 WR 600 PV 
(OaWe), baVeOLQe cRUUecWed fRU -500 WR -300 PV); gURXS 
(OCD, SAD, PHOB, HC). DXe WR beKaYLRUaO 
dLffeUeQceV beWZeeQ WKe gURXSV, aQaO\VeV ZeUe 
cRQWUROOed fRU eUURU UeVSRQVe WLPeV. N = 151. 
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TDEOH A2.3. ANCOVA ReVXOWV RegaUdLQg PRWeQWLaO EffecWV Rf COLQLcaO 
SWaWXV Rf aQ IQWeUQaOL]LQg DLVRUdeU aQd FaPLO\ RLVN fRU IQWeUQaOL]LQg 
PV\cKRSaWKRORg\ RQ EaUO\ aQd LaWe Pe. 

 F df K௣
ଶ  p 

Early Pe     
Clinical 0.20 1, 150 0.00 .657 
FHS Internalizing 3.13 1, 150 0.02 .079 
Clinical × FHS Internalizing 5.04 1, 150 0.03 .026 

Late Pe     
Clinical 0.13 1, 150 0.00 .909 
FHS Internalizing 1.12 1, 150 0.01 .291 
Clinical × FHS Internalizing 2.55 1, 150 0.02 .112 

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ aPSOLWXde Rf 200 WR 
400 PV (eaUO\) aQd 400 WR 600 PV (OaWe), baVeOLQe cRUUecWed fRU -500 WR -
300 PV); FHS = FaPLO\ HLVWRU\ ScUeeQ (faPLO\ ULVN, QR faPLO\ ULVN); 
cOLQLcaO (QRQcOLQLcaO, cOLQLcaO). AQaO\VeV ZeUe cRQWUROOed fRU eUURU UeVSRQVe 
WLPe aQd SRVW-eUURU VORZLQg, aV WKeVe beKaYLRUaO YaULabOeV dLffeUed beWZeeQ 
WKe UeVSecWLYe gURXSV. N = 156. 
FROORZ-XS aQaO\VeV UegaUdLQg WKe LQWeUacWLRQ effecW RQ WKe eaUO\ Pe XVLQg 
SLdaN cRUUecWed SRVW-KRc cRPSaULVRQV (p = .022) UeYeaOed VPaOOeU 
aPSOLWXdeV fRU QRQcOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN (n = 15; M = 2.02, 
SD = 0.81) cRPSaUed ZLWK WKRVe ZLWKRXW faPLO\ ULVN (n = 19; M = 4.59, SD 
= 0.75), ZKLOe cOLQLcaO SaUWLcLSaQWV ZLWK aQd ZLWKRXW faPLO\ ULVN dLd QRW 
dLffeU VLgQLfLcaQWO\ (p = .660). 
p < .05 aUe SULQWed LQ bROd 
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TDEOH A2.4. TKe RROe Rf COLQLcaO SWaWXV, PSWQ, aQd MASQ-AA RQ WKe eaUO\ aQd OaWe Pe 
ZLWKLQ WKe CRPbLQed SaPSOe acURVV WKe SeYeULW\ CRQWLQXXP. 

 b SEboot E t pboot. R2
corr F df p 

EDUO\ PH      0.09 3.68 9, 239 <.001 
Gender 1.08 0.43 0.15 2.33 .014     
Age -0.11 0.02 -0.23 -3.68 <.001     
Clinical 0.82 0.48 0.13 1.66 .087     
PSWQ -0.04 0.03 -0.15 -1.04 .251     
MASQ-AA -0.03 0.05 -0.07 -0.56 .537     
Clinical u PSWQ -0.02 0.04 -0.05 -0.38 .676     
Clinical u MASQ-AA 0.08 0.06 0.18 1.28 .179     
PSWQ u MASQ-AA 0.00 0.00 0.08 0.60 .509     
Clinical u PSWQ u  
MASQ-AA 

-0.01 0.00 -0.21 -1.37 .115 
    

LDWH PH      0.01 1.31 9, 236 .231 
Gender 0.39 0.34 0.07 1.10 .249     
Age -0.05 0.02 -0.14 -2.18 .024     
Clinical 0.17 0.36 0.04 0.44 .662     
PSWQ -0.02 0.02 -0.08 -0.54 .511     
MASQ-AA -0.01 0.04 -0.02 -0.16 .863     
Clinical u PSWQ -0.01 0.03 -0.05 -0.36 .688     
Clinical u MASQ-AA 0.02 0.05 0.04 0.30 .739     
PSWQ u MASQ-AA 0.00 0.00 -0.01 -0.08 .925     
Clinical u PSWQ u  
MASQ-AA 

0.00 0.00 -0.06 -0.40 .605 
    

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ aPSOLWXde Rf 200 WR 400 PV (eaUO\) aQd 
400 WR 600 PV (OaWe), baVeOLQe cRUUecWed fRU -500 WR -300 PV); geQdeU (0 = fePaOe, 1 = 
PaOe); age LQ \eaUV; cOLQLcaO (0 = QRQcOLQLcaO, 1 = cOLQLcaO); PSWQ = PeQQ SWaWe WRUU\ 
QXeVWLRQQaLUe; MASQ-AA = MRRd aQd AQ[LeW\ S\PSWRP QXeVWLRQQaLUe; cRQWLQXRXV 
YaULabOeV ZeUe PeaQ-ceQWeUed. N = 246. 
p < .05 aUe SULQWed LQ bROd 
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TDEOH A2.5. TKe RROe Rf GeQdeU, COLQLcaO SWaWXV, aQd PSWQ RQ WKe eaUO\ aQd OaWe Pe ZLWKLQ 
WKe CRPbLQed SaPSOe acURVV WKe SeYeULW\ CRQWLQXXP. 

 b SEboot E t pboot. R2
corr F df p 

EDUO\ PH      0.10 5.54 6, 239 <.001 
Gender 2.14 0.80 0.30 2.81 .005     
Age -0.11 0.03 -0.24 -3.76 <.001     
Clinical 0.97 0.49 0.15 1.91 .047     
PSWQ -0.05 0.02 -0.21 -2.62 .007     
Gender u Clinical -1.93 0.96 -0.20 -1.83 .049     
Gender u PSWQ 0.03 0.04 0.06 0.66 .425     

LDWH PH      0.02 1.91 6, 239 .080 
Gender 0.75 0.66 0.14 1.29 .256     
Age -0.05 0.02 -0.14 -2.25 <.016     
Clinical 0.26 0.36 0.06 0.67 .468     
PSWQ -0.03 0.01 -0.15 -1.78 .042     
Gender u Clinical -0.63 0.79 -0.09 -0.77 .407     
Gender u PSWQ 0.02 0.03 0.05 0.56 .509     

Note. Pe = eUURU SRVLWLYLW\ (PeaVXUed aW CP], PeaQ aPSOLWXde Rf 200 WR 400 PV (eaUO\) aQd 
400 WR 600 PV (OaWe), baVeOLQe cRUUecWed fRU -500 WR -300 PV); geQdeU (0 = fePaOe, 1 = 
PaOe); age LQ \eaUV; cOLQLcaO (0 = QRQcOLQLcaO, 1 = cOLQLcaO); PSWQ = PeQQ SWaWe WRUU\ 
QXeVWLRQQaLUe. N = 246. 

TKe LQWeUacWLRQ effecW Rf GeQdeU u Clinical on the early Pe was followed-up using an 
ANOVA with gender and clinical status as between-subject factors. Sidak corrected post-
hoc comparisons (p = .002) revealed larger amplitudes in non-clinical males (n = 35; M = 
5.04, SD = 3.61) compared with non-clinical females (n = 76; M = 2.96, SD = 3.02), while 
clinical males and females did not differ significantly (p = .711). 

p < .05 aUe SULQWed LQ bROd 
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ASSHQGL[ A3 ± AGGLWLRQDO AQDO\VHV RI SWXG\ 3 

 
TDEOH A3.1. ANOVA ReVXOWV RegaUdLQg PRWeQWLaO DLffeUeQceV 
ERPV beWZeeQ FLUVW OQVeW PaUWLcLSaQWV aQd TKRVe WLWKRXW a 
LLfeWLPe HLVWRU\ Rf IQWeUQaOL]LQg DLVRUdeUV. 

 F df K௣
ଶ  p 

ERN/CRN     
Response 133.10 1, 84 0.61 <.001 
Clinical  0.05 1, 84 0.00 .831 
Response u Clinical 0.11 1, 84 0.00 .738 

Pe     
Clinical 0.81 1, 84 0.00 .776 

N2     
Clinical 0.16 1, 84 0.00 .687 

Note. ERN = eUURU-UeOaWed QegaWLYLW\, CRN = cRUUecW-UeVSRQVe 
QegaWLYLW\ (bRWK PeaVXUed aW FC], PeaQ aPSOLWXde Rf 0 WR 100 PV, 
baVeOLQe cRUUecWed fRU -500 WR -300 PV); Pe = eUURU SRVLWLYLW\ 
(PeaVXUed aW P], PeaQ aPSOLWXde Rf 200 WR 400 PV, baVeOLQe 
cRUUecWed fRU -500 WR -300 PV); VWLPXOXV-ORcNed N2 (PeaVXUed aW 
FC], PeaQ aPSOLWXde Rf 220 WR 320 PV, baVeOLQe cRUUecWed fRU -
200 WR 0 PV); UeVSRQVe (cRUUecW, LQcRUUecW); cOLQLcaO (QR OLfeWLPe 
LQWeUQaOL]LQg dLagQRVeV, fLUVW RQVeW Rf LQWeUQaOL]LQg dLagQRVLV afWeU 
baVeOLQe aVVeVVPeQW). N = 86. 
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CRQWULEXWLRQV 

SWXG\ 1 

I acWLYeO\ cRQWULbXWed WR WKe fLUVW SKaVe Rf WKLV SURMecW b\ VKaSLQg WKe LQLWLaO UeVeaUcK 

Ldea aQd fRUPXOaWLQg SUecLVe TXeVWLRQV, gRaOV, aQd RbMecWLYeV fRU WKe VWXd\ 

(cRQceSWXaOL]aWLRQ). I deVLgQed WKe UaQdRPL]ed-cRQWUROOed ORQgLWXdLQaO UeVeaUcK aSSURacK 

aQd eQVXUed LWV SUeUegLVWUaWLRQ (PeWKRdRORg\). I VeOecWed WKe LQWeUYeQWLRQV aQd SURYLded WKe 

XWLOL]ed VWXd\ SURWRcROV (UeVRXUceV). I cXVWRPL]ed WKe fOaQNeU WaVN WR VXLW WKe UeTXLUePeQWV 

Rf WKLV VWXd\ b\ SURgUaPPLQg WKe WaVN LQ PUeVeQWaWLRQ (VRfWZaUe). CROOabRUaWLYeO\ ZLWK P\ 

UeVeaUcK WeaP, I dedLcaWed VLgQLfLcaQW effRUWV WR eQVXUe WKe YeULfLcaWLRQ aQd UeSURdXcLbLOLW\ 

Rf WKe e[SeULPeQW (YaOLdaWLRQ). OQe Rf P\ PaLQ WaVNV dXULQg WKe daWa cROOecWLRQ ZeUe 

UecUXLWLQg SaUWLcLSaQWV, LQWeUYLeZLQg WKeP, aQd SeUfRUPLQg WKe acWXaO EEG e[SeULPeQW ZLWK 

WKeP LQ WKe Oab (LQYeVWLgaWLRQ). I VXSeUYLVed XQdeUgUadXaWe VWXdeQWV aQd UeVeaUcK aVVLVWaQWV 

WR PaLQWaLQ KLgK VWaQdaUdV dXULQg daWa acTXLVLWLRQ (VXSeUYLVLRQ). I NeSW a cRQVWaQW RYeUYLeZ 

Rf aOO RQgRLQg acWLYLWLeV aQd dePaQdV UegaUdLQg WKe cRRUdLQaWLRQ Rf WKe SURMecW (SURMecW 

adPLQLVWUaWLRQ). I Pade VXUe WKaW aOO daWa ZeUe VafeO\ VWRUed aQd WRRN caUe Rf WKe 

PaLQWeQaQce Rf WKe RQgRLQg daWa acTXLVLWLRQ (daWa cXUaWLRQ). I SUeSURceVVed WKe EEG daWa 

aQd SeUfRUPed WKe fUeTXeQWLVW aV ZeOO aV Ba\eVLaQ VWaWLVWLcaO aQaO\VeV (fRUPaO aQaO\VLV). I 

YLVXaOL]ed bRWK TXeVWLRQQaLUe aQd EEG daWa (YLVXaOL]aWLRQ). LaVWO\, I ZURWe WKe RULgLQaO dUafW 

Rf WKe PaQXVcULSW aQd edLWed LW baVed RQ P\ cR-aXWKRUV cRPPeQWV befRUe VXbPLVVLRQ 

(ZULWLQg aQd edLWLQg). 

SWXG\ 2 

SLQce WKe VecRQd VWXd\ ZaV SaUW Rf a OaUgeU SURMecW, fXQded b\ WKe GeUPaQ ReVeaUcK 

FRXQdaWLRQ ZLWK gUaQWV aZaUded WR AQMa RLeVeO, I ZaV QRW SaUW Rf WKe LQLWLaO fXQdLQg SURSRVaO 

SKaVe. HRZeYeU, I ZaV acWLYeO\ LQYROYed LQ fRUPXOaWLQg aQd adaSWLQg WKe SUecLVe TXeVWLRQV, 

gRaOV, aQd RbMecWLYeV fRU WKe VWXd\ befRUe daWa cROOecWLRQ begaQ (cRQceSWXaOL]aWLRQ). GLYeQ 

WKe SUedefLQed RbVeUYaWLRQaO UeVeaUcK deVLgQ RXWOLQed LQ WKe SURSRVaO, P\ cRQWULbXWLRQ 

LQYROYed WKe aXgPeQWaWLRQ Rf addLWLRQaO TXeVWLRQQaLUeV, facLOLWaWLQg RYeUOaSV ZLWK RWKeU 

SURMecWV aQd WKeUeb\ eQabOLQg cROOabRUaWLYe LQYeVWLgaWLRQV acURVV PXOWLSOe daWaVeWV. 

EYeQWXaOO\, I SUeUegLVWeUed WKe SUecLVe VWXd\ deVLgQ aQd aQaO\VeV (PeWKRdRORg\). I SURYLded 

WKe XWLOL]ed VWXd\ SURWRcROV (UeVRXUceV) aQd eQVXUed WR XVe WKe LdeQWLcaO fOaQNeU Rf WKe fLUVW 

VWXd\ WKaW I aOUead\ SURgUaPPed (VRfWZaUe). CROOabRUaWLYeO\ ZLWK P\ UeVeaUcK WeaP, I 

dedLcaWed VLgQLfLcaQW effRUWV WR eQVXUe WKe YeULfLcaWLRQ aQd UeSURdXcLbLOLW\ Rf WKe e[SeULPeQW 

(YaOLdaWLRQ). OQe Rf P\ PaLQ WaVNV dXULQg WKe daWa cROOecWLRQ ZeUe UecUXLWLQg SaUWLcLSaQWV, 
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LQWeUYLeZLQg WKeP, aQd SeUfRUPLQg WKe acWXaO EEG e[SeULPeQW ZLWK WKeP LQ WKe Oab 

(LQYeVWLgaWLRQ). I VXSeUYLVed XQdeUgUadXaWe VWXdeQWV aQd UeVeaUcK aVVLVWaQWV WR PaLQWaLQ 

KLgK VWaQdaUdV dXULQg daWa acTXLVLWLRQ (VXSeUYLVLRQ). I NeSW a cRQVWaQW RYeUYLeZ Rf aOO 

RQgRLQg acWLYLWLeV aQd dePaQdV UegaUdLQg WKe cRRUdLQaWLRQ Rf WKe SURMecW (SURMecW 

adPLQLVWUaWLRQ). I Pade VXUe WKaW aOO daWa ZeUe VafeO\ VWRUed aQd WRRN caUe Rf WKe 

PaLQWeQaQce Rf WKe RQgRLQg daWa acTXLVLWLRQ (daWa cXUaWLRQ). I SUeSURceVVed WKe EEG daWa 

aQd SeUfRUPed WKe VWaWLVWLcaO aQaO\VeV (fRUPaO aQaO\VLV). I YLVXaOL]ed bRWK TXeVWLRQQaLUe aQd 

EEG daWa (YLVXaOL]aWLRQ). LaVWO\, I ZURWe WKe RULgLQaO dUafW Rf WKe PaQXVcULSW aQd edLWed LW 

baVed RQ P\ cR-aXWKRUV cRPPeQWV befRUe VXbPLVVLRQ (ZULWLQg aQd edLWLQg). 

SWXG\ 3 

WKeQ I begaQ P\ PKD, WKe SULQcLSaO LQYeVWLgaWRU Kad aOUead\ deYeORSed WKe RYeUaOO 

UeVeaUcK RbMecWLYeV (cRQceSWXaOL]aWLRQ) aV ZeOO aV WKe UeVeaUcK deVLgQ Rf WKe WKLUd VWXd\ 

(PeWKRdRORg\). HRZeYeU, I ZaV UeVSRQVLbOe fRU LPSOePeQWLQg WKe TXeVWLRQQaLUeV fRU WKe 

RQOLQe VWXd\ XVLQg LLPeVXUYe\ (UeVRXUceV, VRfWZaUe). CROOabRUaWLYeO\ ZLWK P\ UeVeaUcK 

WeaP, I dedLcaWed VLgQLfLcaQW effRUWV WR eQVXUe WKe YeULfLcaWLRQ aQd UeSURdXcLbLOLW\ Rf WKe 

e[SeULPeQW (YaOLdaWLRQ). OQe Rf P\ PaLQ WaVNV dXULQg WKe daWa cROOecWLRQ ZeUe UecUXLWLQg 

SaUWLcLSaQWV aQd LQWeUYLeZLQg WKeP (LQYeVWLgaWLRQ). I VXSeUYLVed XQdeUgUadXaWe VWXdeQWV aQd 

UeVeaUcK aVVLVWaQWV WR PaLQWaLQ KLgK VWaQdaUdV dXULQg daWa acTXLVLWLRQ (VXSeUYLVLRQ). I NeSW 

a cRQVWaQW RYeUYLeZ Rf aOO RQgRLQg acWLYLWLeV aQd dePaQdV UegaUdLQg WKe cRRUdLQaWLRQ Rf WKe 

SURMecW (SURMecW adPLQLVWUaWLRQ). I Pade VXUe WKaW aOO daWa ZeUe VafeO\ VWRUed aQd WRRN caUe 

Rf WKe PaLQWeQaQce Rf WKe RQgRLQg daWa acTXLVLWLRQ (daWa cXUaWLRQ). I SUeSURceVVed WKe EEG 

daWa aQd VLgQLfLcaQWO\ cRQWULbXWed WR WKe SeUfRUPed VWaWLVWLcaO aQaO\VeV (fRUPaO aQaO\VLV). I 

YLVXaOL]ed bRWK TXeVWLRQQaLUe aQd EEG daWa (YLVXaOL]aWLRQ). LaVWO\, I ZURWe WKe RULgLQaO dUafW 

Rf a VXbVWaQWLaO aPRXQW Rf SaUagUaSKV aQd UeYLeZed WKe RYeUaOO PaQXVcULSW Rf WKe fLUVW 

aXWKRU (ZULWLQg aQd edLWLQg). 
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MDWHULDOV 

HDUGZDUH 

BUaLQAPS DC APSOLfLeUV (BUaLQ PURdXcWV GPbH), ZeUe XVed WR UecRUd cRQWLQXRXV EEG 

daWa LQ aOO WKUee VWXdLeV. 

BUaLQCaS (EASYCAP GPbH), 64 cKaQQeOV ZLWK eTXLdLVWaQW aQd cRQceQWULc eOecWURde 

Oa\RXW, ZaV XVed WR UecRUd cRQWLQXRXV EEG daWa LQ aOO WKUee VWXdLeV. 

DeOO MRQLWRU (DeOO, IQc.), 19-LQcK LCD, ZaV XVed WR dLVSOa\ WKe fOaQNeU WaVN LQ VWXd\ 1 aQd 

2 (fRU VWXd\ 3, PRQLWRU VSecLfLcaWLRQV ZeUe XQNQRZQ). 

SRIWZDUH 

BUaLQVLVLRQ RecRUdeU (BUaLQ PURdXcWV GPbH), YeUVLRQ 1.22, ZaV XVed WR UecRUd cRQWLQXRXV 

EEG daWa LQ aOO WKUee VWXdLeV (fRU VWXd\ 3, YeUVLRQ QXPbeU LV XQNQRZQ). 

BUaLQVLVLRQ AQaO\]eU (BUaLQ PURdXcWV GPbH), YeUVLRQ 2.2, ZaV XVed WR WUaQVfRUP aQd 

SUeSURceVV cRQWLQXRXV EEG daWa WR VWLPXOXV- aQd UeVSRQVe-ORcNed ERPV LQ aOO WKUee 

VWXdLeV. 

CKaWGPT (OSeQAI, IQc.), YeUVLRQ GPT 3.5 aQd GPT 4, ZaV XVed fRU OaQgXage edLWLQg 

SXUSRVeV aQd WKe LPSURYePeQW Rf UeadabLOLW\ LQ VWXd\ 2 aV ZeOO aV LQ WKLV dLVVeUWaWLRQ. 

EQdQRWe (COaULYaWe, POc), YeUVLRQ X9.3.3, ZaV XVed fRU VWUXcWXULQg OLWeUaWXUe LQ aOO WKUee 

VWXdLeV aV ZeOO aV LQ WKLV dLVVeUWaWLRQ. 

G*PRZeU (FaXO eW aO., 2009, 2007), YeUVLRQ 3.1.9.7, ZaV XVed WR SeUfRUP SRZeU aQaO\VeV fRU 

VWXd\ 1 aQd 2.  

JASP (JASP TeaP, 2021), YeUVLRQ 0.15.0.0, ZaV XVed fRU Ba\eVLaQ VWaWLVWLcaO aQaO\VeV LQ 

VWXd\ 1.  

LLPeSXUYe\ (LLPeSXUYe\ GPbH), YeUVLRQ 2, ZaV XVed fRU adPLQLVWUaWLQg TXeVWLRQQaLUeV 

LQ VWXd\ 1 aQd 3 (fROORZ-XS). 

MaWOab (TKe MaWKWRUNV, IQc.), YeUVLRQ R2019a, ZaV XVed fRU cUeaWLQg fLgXUeV LQ VWXd\ 3. 

MLcURVRfW WRUd (MLcURVRfW, IQc.), YeUVLRQ 2016, ZaV XVed fRU dUafWLQg WKe PaQXVcULSWV Rf 

aOO WKUee VWXdLeV aV ZeOO aV WKLV dLVVeUWaWLRQ.  
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MLcURVRfW PRZeUPRLQW (MLcURVRfW, IQc.), YeUVLRQ 2016, ZaV XVed fRU cUeaWLQg fLgXUeV LQ aOO 

WKUee VWXdLeV aV ZeOO aV LQ WKLV dLVVeUWaWLRQ.  

PUeVeQWaWLRQ (NeXURbeKaYLRUaO S\VWePV, IQc.), YeUVLRQ 22.1, ZaV XVed fRU adPLQLVWUaWLQg 

WKe fOaQNeU WaVNV LQ aOO WKUee VWXdLeV (fRU VWXd\ 3, YeUVLRQ QXPbeU LV XQNQRZQ). 

SV\cKREQ (SV\cKRWaUe SRfWZaUe GPbH), YeUVLRQ 21.01, ZaV XVed fRU adPLQLVWUaWLQg 

TXeVWLRQQaLUeV LQ VWXd\ 2 aQd 3 (baVeOLQe). 

RSWXdLR (PRVLW SRfWZaUe, PBC), YeUVLRQ 2023.06.1, ZaV XVed fRU cUeaWLQg fLgXUeV LQ VWXd\ 

1 aQd 2 (fRU VWXd\ 1, YeUVLRQ QXPbeU LV XQNQRZQ).  

SPSS (IBM, IQc.), YeUVLRQ 25.0 aQd 29.0, ZaV XVed fRU fUeTXeQWLVW VWaWLVWLcaO aQaO\VeV LQ aOO 

WKUee VWXdLeV aQd fRU WKe e[SORUaWLYe aQaO\VeV Rf WKLV dLVVeUWaWLRQ. 
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AFNQRZOHGJPHQWV 

I ZRXOd OLNe WR e[SUeVV P\ deeSeVW gUaWLWXde WR P\ adYLVRU, PURf. DU. AQMa RLeVeO, 

ZKRVe e[SeUWLVe, NLQdQeVV, aQd SaWLeQce KaYe beeQ cRQVWaQWV WKURXgKRXW P\ UeVeaUcK 

MRXUQe\ RYeU WKe SaVW \eaUV. SKe KaV OaLd WKe fRXQdaWLRQ fRU P\ SeUVRQaO aQd acadePLc 

gURZWK b\ SURYLdLQg cRPSUeKeQVLYe gXLdaQce acURVV VcLeQWLfLc, cOLQLcaO, aQd caUeeU-UeOaWed 

aVSecWV, aORQg ZLWK LQYaOXabOe KXPaQ VXSSRUW dXULQg dLffLcXOW WLPeV. I ZLOO be fRUeYeU 

gUaWefXO fRU WKe XQLTXe RSSRUWXQLW\ VKe gaYe Pe WR SXUVXe P\ dRcWRUaWe. AQd I aP PRUe 

WKaQ e[cLWed abRXW RXU cRQWLQXed cROOabRUaWLRQ RQ XScRPLQg UeVeaUcK SURMecWV. 

MRUeRYeU, I ZRXOd aOVR OLNe WR e[WeQd P\ WKaQNV WR WKe VecRQd PePbeU Rf P\ 

dLVVeUWaWLRQ cRPPLWWee, PURf. DU. BULgLWWe R|deU. HeU LQVLgKWfXO cRPPeQWV aQd 

eQcRXUagePeQW gUeaWO\ eQULcKed P\ ZRUN. HeU dLVWLQgXLVKed e[SeUWLVe LQ bLRORgLcaO 

SV\cKRORg\ bURXgKW a ULgRURXV aQd YaOXabOe SeUVSecWLYe WR P\ UeVeaUcK SURMecWV. TKLV 

PRWLYaWed Pe WR UefLQe P\ PeWKRdRORgLcaO aSSURacK, deeSeQed P\ XQdeUVWaQdLQg Rf eYeQW-

UeOaWed SRWeQWLaOV, aQd XOWLPaWeO\ eQKaQced WKe TXaOLW\ Rf P\ UeVeaUcK. 

SSecLaO WKaQNV aUe aOVR dXe WR P\ cROOeagXe HaQQeV CaUVWeQ, ZKRVe fULeQdVKLS aQd 

VXSSRUW I deeSO\ cKeULVK. He KaV beeQ a VWeadfaVW cRPSaQLRQ fURP WKe YeU\ begLQQLQg Rf 

P\ PKD. I KaYe beQefLWed LPPeQVeO\ fURP RXU e[cKaQgeV RQ VcLeQWLfLc aQd acadePLc WRSLcV, 

aV ZeOO aV fURP aOO WKe e[SeULeQceV Ze KaYe VKaUed dXULQg WKLV MRXUQe\. WKLOe I PXVW adPLW 

WKaW KLV LQcUedLbOe PeWKRdRORgLcaO aQd cOLQLcaO NQRZOedge cKaOOeQged P\ acadePLc VeOf-

eVWeeP RccaVLRQaOO\, fRU ZKLcK Ke LV ceUWaLQO\ QRW WR bOaPe, I fLUPO\ beOLeYe WKaW WKeVe 

cKaOOeQgeV ZeUe LQVWUXPeQWaO WR WKe SURgUeVV I KaYe Pade dXULQg P\ PKD. 

I aP aOVR gUaWefXO WR P\ RWKeU cROOeagXeV aQd PePbeUV Rf RXU WeaP. I WKaQN AQNe 

EOOegaVW, FUaQ]LVNa KaXVcKe, DaYLQa JacRb, IQVa NeXPaQQ, KLP SRbaQLa, aQd AOe[aQdeU 

DROge fRU aOZa\V cUeaWLQg VXcK a fXQ WeaP eQYLURQPeQW. I aP eTXaOO\ deOLgKWed b\ WKe 

cRQWLQXRXV gURZWK Rf RXU WeaP, QRZ aOVR LQcOXdLQg LaXUa LaQgePe\eU, AOeQa RX�PaQQ, 

PKLOLS BU\VcK, Tabea ScKZedeQ, aQd LeRQLe OVWKRf. TKeLU SRVLWLYe aWWLWXdeV aQd 

cROOabRUaWLYe VSLULW Pade Pe ORRN fRUZaUd WR gRLQg WR ZRUN eYeU\ da\.  

AddLWLRQaOO\, PaQ\ WKaQNV aUe dXe WR RXU UeVeaUcK aVVLVWaQWV MaULQa DRcKWeUPaQQ, 

MRaQa LaQgeQVcKeLdW, BeQedLcW LXcaV, LeRQLe OVWKRf, RLca PeUNPe\eU, RRVaQQ SWRcNeU, 

TKea TeUMXQg, aQd JXOLa WaQdVcKXUa, aV ZeOO aV RXU gUadXaWLQg VWXdeQWV SRSKLa EcRQRPLdeV, 

FUaQ]LVNa EOObUacKW, LROa HaQLVcK, JXOLa HXbeU, KaMa HaQVeQ, DRPLQLNa Je\UaQL, JXOLeQ 
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LLPbacK, KLP L|ZLVcK, BOaQca NagaVKLaQ, CaUROLQa PLQeURV, MaQRO\a Se]eU, BeWWLQa 

SSLW]ZecN, aQd NeOe WeVWeUPaQQ, ZKRVe LQcUedLbOe KeOS aQd KaUd ZRUN dXULQg daWa 

cROOecWLRQ ZeUe LQYaOXabOe. I aOVR ZaQW WR acNQRZOedge WKe fLQaQcLaO VXSSRUW I UeceLYed fURP 

WKe GeUPaQ ReVeaUcK FRXQdaWLRQ, PURMecW DEAL, aQd WKe UQLYeUVLW\ Rf HaPbXUg, ZKLcK 

ZaV cUXcLaO fRU cRQdXcWLQg aQd SXbOLVKLQg P\ UeVeaUcK. 

A KeaUWfeOW WKaQNV gReV WR P\ faPLO\ ZKR VWRRd b\ Pe WKURXgKRXW WKLV PKD MRXUQe\. 

I aP SaUWLcXOaUO\ gUaWefXO WR P\ SaUeQWV aQd VLbOLQgV fRU VKRZLQg LQWeUeVW aQd VXSSRUW eYeU\ 

WLPe I VKaUed deWaLOV abRXW P\ UeVeaUcK, ZKLcK²I adPLW²Pa\ QRW KaYe aOZa\V beeQ WKe 

PRVW eQWeUWaLQLQg WRSLcV fRU WKRVe RXWVLde acadePLa. WKLOe P\ SaVVLRQ fRU ZKaW I dR PLgKW 

QRW be eQWLUeO\ QeZ WR WKeP, I deeSO\ aSSUecLaWe WKeLU SaWLeQce aQd ZLOOLQgQeVV WR OLVWeQ. 

MRUeRYeU, I aP PRUe WKaQ KaSS\ WR KaYe beeQ VXUURXQded b\ ZRQdeUfXO fULeQdV, 

eacK ZLWK ZKRP I VKaUe a PeaQLQgfXO cRQQecWLRQ. TKe B�ORZ cRPPXQLW\ KeOSed Pe 

PaLQWaLQ a VWURQg VeQVe Rf beORQgLQg, eYeQ dXULQg WKe SaQdePLc ORcNdRZQV aQd ZKLOe OLYLQg 

aSaUW. I eVSecLaOO\ ZaQW WR acNQRZOedge Lea fRU KeU cRQWLQXRXV VXSSRUW, YaOXabOe UefOecWLRQV, 

aQd WKe cRXQWOeVV Za\V VKe XSOLfWed Pe dXULQg WKRVe cKaOOeQgLQg WLPeV. AddLWLRQaOO\, I aP 

YeU\ gUaWefXO WR KaUO aQd TRP fRU KeOSLQg Pe eYeQWXaOO\ feeO aW KRPe LQ HaPbXUg, aQd WR 

MaUNXV aQd MaWWeR fRU WKeLU LQYaOXabOe deVLgQ VXSSRUW. 

FLQaOO\ aQd PRVW LPSRUWaQWO\, P\ deeSeVW WKaQNV gR WR P\ beORYed LXNaV. WRUdV 

caQQRW WUXO\ caSWXUe P\ gUaWLWXde fRU KaYLQg \RX LQ P\ OLfe. YRX KaYe beeQ P\ VWeadfaVW 

VXSSRUWeU da\ LQ aQd da\ RXW, VWRLcaOO\ eQdXULQg aOO WKe XSV aQd dRZQV aORQgVLde Pe 

WKURXgKRXW WKe SaVW fRXU \eaUV. TKaW aORQe deVeUYeV \RX a PKD²a PKD LQ SaWLeQce aQd 

LQdXOgeQce. YRXU eQcRXUagePeQW KaV QRW RQO\ caUULed Pe WKURXgK dLffLcXOW WLPeV bXW KaV 

aOVR beeQ a fXQdaPeQWaO SLOOaU Rf P\ SeUVRQaO gURZWK. 
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PXEOLFDWLRQV 

 

TKLV cXPXOaWLYe dLVVeUWaWLRQ cRPSULVeV WKe fROORZLQg WKUee UeVeaUcK aUWLcOeV, ZKLcK caQ be 

Uead LQ WKeLU RULgLQaO fRUP RQ WKe VXbVeTXeQW SageV: 

 

SWXG\ 1: DLVHQWDQJOLQJ TUDLW DQG SWDWH :RUU\ 

HlUSfeU, K., CaUVWeQ, H. P., L|ZLVcK, K., WeVWeUPaQQ, N., & RLeVeO, A. (2022). 

DLVeQWaQgOLQg WKe effecWV Rf WUaLW aQd VWaWe ZRUU\ RQ eUURU-UeOaWed bUaLQ acWLYLW\: 

ReVXOWV fURP a UaQdRPL]ed cRQWUROOed WULaO XVLQg ZRUU\ PaQLSXOaWLRQV. 

Ps\choph\siolog\, 59(9), e14055. KWWSV://dRL.RUg/10.1111/SV\S.14055 

 

SWXG\ 2: EQKDQFHG PHUIRUPDQFH MRQLWRULQJ DV D TUDQVGLDJQRVWLF RLVN MDUNHU 

HlUSfeU, K., CaUVWeQ, H. P., KaXVcKe, F. M., & RLeVeO, A. (LQ UeYLVLRQ). EQKaQced 

SeUfRUPaQce PRQLWRULQg aV a WUaQVdLagQRVWLc ULVN PaUNeU Rf WKe aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe VSecWUXP: TKe UROe Rf dLVRUdeU caWegRU\, cOLQLcaO VWaWXV, 

faPLO\ ULVN, aQd aQ[LeW\ dLPeQVLRQV. Depression and An[iet\.  

 

SWXG\ 3: TUDQVODWLQJ RLVN LQWR IQWHUQDOL]LQJ PV\FKRSDWKRORJ\  

RLeVeO, A., HlUSfeU, K., KaWKPaQQ, N., & KOaZRKQ, J. (2021). IQ WKe face Rf SRWeQWLaO KaUP: 

TKe SUedLcWLYe YaOLdLW\ Rf QeXUaO cRUUeOaWeV Rf SeUfRUPaQce PRQLWRULQg fRU SeUceLYed 
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Abstract
Enhanced amplitudes of the error- related negativity (ERN) have been suggested 
to be a transdiagnostic neural risk marker for internalizing psychopathology. 
Previous studies propose worry to be an underlying mechanism driving the as-
sociation between enhanced ERN and anxiety. The present preregistered study 
focused on disentangling possible effects of trait and state worry on the ERN by 
utilizing a cross sectional observational and a longitudinal randomized controlled 
experimental design. To this end, we examined the ERN of n = 90 students dur-
ing a flanker task (T0), which were then randomly assigned to one of three groups 
(worry induction, worry reduction, passive control group). Following the inter-
vention, participants performed another flanker task (T1) to determine potential 
alterations of their ERN. Manipulation checks revealed that compared to the con-
trol group, state worry increased in the induction but also in the reduction group. 
ERN amplitudes did not vary as a function of state worry. An association of trait 
worry with larger ERN amplitudes was only observed in females. Furthermore, 
we found larger ERN amplitudes in participants with a current or lifetime diag-
nosis of internalizing disorders. In summary, our findings suggest that the ERN 
seems to be insensitive to variations in state worry, but that an elevated ERN is 
associated with the trait- like tendency to worry and internalizing psychopathol-
ogy, which is consistent with the notion that the ERN likely represents a trait- like 
neural risk associated with anxiety.
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1  |  INTRODUCTION

Goal- directed behavior is a fundamental ability allowing 
humans to adjust to their environment. Cognitive control, 
especially performance monitoring, plays a crucial role for 
goal- directed behavior. By monitoring errors (i.e., potential 
harm), humans can improve upcoming behavior through 
cognitive, motivational, and behavioral adjustments 
(Botvinick et al.,  2001; Cavanagh & Shackman,  2015; 
Proudfit et al., 2013; Simons, 2010; Weinberg et al., 2012).

A commonly studied event- related potential (ERP) as-
sociated with performance monitoring is the error- related 
negativity (ERN; Gehring et al., 1993); or originally called 
the error negativity (NE; Falkenstein et al., 1991). The ERN 
is assumed to constitute the neural representative of error 
monitoring and is observable as a fronto- central negative 
peak approx. 50 ms after committing an error. The mon-
itoring of correct responses elicits a similarly timed but 
smaller negative peak after a correct response: the correct- 
response negativity (CRN; Vidal et al., 2003, 2000). Various 
hypotheses have been postulated about the functional 
role of the ERN, ranging from signaling the mismatch be-
tween representations of required and actual responses 
(Falkenstein et al., 1991; Gehring et al., 1993), over indi-
cating the conflict of two simultaneously active response 
tendencies (Botvinick et al., 2001; Yeung et al., 2004), to al-
lowing reinforcement learning to modify performance on 
a task at hand by signaling whenever an outcome was not 
as predicted (Holroyd & Coles, 2002). All of these hypoth-
eses suggest that the ERN is crucial for cognitive control 
and a prerequisite to adjusting behavior to the require-
ments of the task and improving future performance.

Regarding the clinical utility of error monitoring 
(Hajcak et al.,  2019), increased or decreased ERN am-
plitudes have been discussed in the literature as an en-
dophenotype for the development and maintenance 
of psychopathological symptoms (e.g., Manoach & 
Agam,  2013; Olvet & Hajcak,  2008; Riesel, Klawohn, 
et al., 2019). An endophenotype is defined as a measurable 
(mostly, but not necessarily, biological) component on the 
complex pathway between the genotype and a psycho-
pathological phenotype, informative of the specific mech-
anisms that lead to a complex mental disorder (Gottesman 
& Gould, 2003). A marker qualifies as an endophenotype 
(a) when it is associated with the illness, (b) when it is 
heritable, (c) when it is primarily state- independent, (d) 
when the endophenotype and the illness co- segregate 
within families, and (e) when the endophenotype is also 
more prevalent in nonaffected family members compared 
to individuals of the general population (Gottesman & 
Gould, 2003).

In fact, there is convincing meta- analytical evidence for 
an association of the ERN with psychopathology (criterion 

a): ERN variations were found along the lines of internal-
izing and externalizing mental disorders (Lutz et al., 2021; 
Pasion & Barbosa, 2019) with enhanced ERN amplitudes 
for anxiety (Moser et al., 2013; Saunders & Inzlicht, 2020) 
and obsessive- compulsive disorders (Riesel, 2019) on the 
one hand, and attenuated ERN amplitudes for substance 
use disorder (Luijten et al., 2014) and attention deficit hy-
peractivity disorder (Shiels & Hawk,  2010) on the other 
hand. The ERN also fulfills criterion (b), as it has been 
found to be heritable from one generation to the other 
(Anokhin et al., 2008; Suor et al., 2021), and criterion (c), 
since a successful cognitive- behavioral therapy decreasing 
psychopathological symptoms has no effect on the ERN 
(Gorka et al., 2018; Hajcak et al., 2008; Kujawa et al., 2016; 
Ladouceur et al., 2018; Riesel et al., 2015). Lastly, corre-
sponding alterations of the ERN have also been found in 
unaffected individuals with a family history of anxiety dis-
orders, obsessive- compulsive disorders, and substance use 
disorder (Carrasco et al., 2013; Riesel et al., 2011; Riesel, 
Klawohn, et al.,  2019), implying co- segregation within 
families (criterion d) and higher rates in first- degree rela-
tives (criterion e). In addition, enhanced ERN amplitudes 
predict the onset of anxiety disorders (Meyer et al., 2015), 
all together supporting the notion that increased ERN 
amplitudes represent a trait- like neural risk marker or en-
dophenotype for anxiety.

As mentioned above, the endophenotype approach 
aims at identifying specific mechanisms that lead to psy-
chopathology. Unfortunately, the identification of mech-
anisms leading to pathological anxiety is complicated by 
the complex and heterogeneous nature of anxiety that 
likely overshadows specific associations between neural 
functioning and psychopathology. Regarding different 
dimensions of anxiety, the link between anxiety and el-
evated ERN amplitudes seems to be driven by worry as 
opposed to anxious arousal. This is supported by previ-
ous studies (Hajcak et al.,  2003; Lin et al.,  2015; Moran 
et al., 2012; Moser et al., 2012; but see Härpfer, Carsten, 
Spychalski, et al., 2020) as well as meta- analyses (Moser 
et al.,  2013; Saunders & Inzlicht,  2020). Specifically, en-
hanced error monitoring in clinical populations such as 
generalized anxiety disorder (GAD; Meyer et al.,  2012; 
Weinberg et al.,  2010), social anxiety disorder (SAD; 
Endrass et al., 2014), health anxiety (Riesel et al., 2017), 
or obsessive- compulsive disorder (OCD; see Mathews 
et al., 2012; Riesel, 2019, for reviews and a meta- analysis), 
has been assumed to be related to transdiagnostically 
shared worry symptoms. Studies of healthy subjects and 
meta- analyses suggest that this relationship is evident 
across the full spectrum of worry symptoms including 
subclinical individuals. However, this assumption has 
been challenged in more recent studies, which tend to 
suggest that the association may be stronger in clinical 
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populations (Saunders & Inzlicht, 2020). In addition, gen-
der seems to be an important moderator, and especially 
women show the expected association between worry and 
ERN (Moser et al., 2016).

Although the ERN is often discussed as an endophe-
notype, studies that experimentally manipulated state 
affect (e.g., Nigbur & Ullsperger, 2020; Wiswede, Münte, 
Goschke, et al., 2009), attentional biases (Klawohn, Hajcak, 
et al., 2020; Nelson et al., 2015), or the consequences of an 
error (i.e., punishment; Meyer & Gawlowska, 2017; Riesel 
et al., 2012) found that the ERN is susceptible for intra-
individual variation. Utilizing the strengths of a causal 
intervention study, a recent approach that focused on the 
experimental reduction of worry (Schroder et al.,  2018) 
showed that emotional expressive writing was associated 
with attenuated ERN amplitudes, which points to state 
worry as an affective state associated with ERN variations. 
This central and important study used a between group 
design, limiting conclusions because of possible con-
founds introduced by preexisting between- group varia-
tions. Thus, longitudinal within- between comparisons are 
important and promising to extend this line of research.

In summary, a variety of findings point to an association 
between ERN and worry. Based on this, the compensatory 
error- monitoring hypothesis (CEMH; Moser et al., 2013) 
postulates that anxious individuals need to employ com-
pensatory effort, as reflected by an increased ERN, in order 
to overcome processing inefficiency that is caused by the 
distracting effects of worry on working memory capacity. 
As a result, the compensating effort leads to comparable 
levels of task performance. Another influential approach 
(Proudfit et al., 2013) assumes that enhanced error mon-
itoring of anxious individuals is caused by a pronounced 
trait- like sensitivity to uncertain threats (e.g., errors): This 
threat sensitivity temporally increases defensive motiva-
tion in an uncertain and potentially threatening situation, 
making errors motivationally more relevant and leading 
to greater error monitoring. In this view, worrying is a by-
product that has developed as a maladaptive coping strat-
egy of anxious individuals associated with heightened 
threat sensitivity. In accordance with the endophenotype 
approach, the authors argue that ERN variations are due 
to differences in threat sensitivity— a stable trait— not due 
to state- dependent temporarily efforts to compensate for 
the distracting effects of worries. Overall, both approaches 
converge on the idea that anxiety is associated with an in-
creased ERN, although they differ in their assumptions on 
the underlying mechanisms of this relationship.

This preregistered study (Härpfer et al.,  2020) aimed 
at disentangling the relationships between trait and state 
worry and error- related brain activity by utilizing both a 
cross sectional observational design (similar to many previ-
ous studies) as well as longitudinal randomized controlled 

experimental design manipulating state worry (allowing 
causal inferences). We wanted to examine whether worry 
interventions cause alterations in neural signals of perfor-
mance monitoring. To this end, we assessed the baseline 
ERN of 90 participants (T0), which were then randomly 
assigned to one of three groups (two experimental groups 
with either a worry induction or reduction; one passive 
control group with no worry intervention). Following 
the intervention, participants performed another flanker 
task to determine potential alterations of their ERN (T1). 
Our overall research question targeted the relationship 
between the ERN and trait worry as well as state worry, 
i.e., whether this link can be found in both cross sectional 
and longitudinal comparisons. As preregistered, we ex-
pected that trait worry would be associated with increased 
ERN amplitudes at T0 and that state worry would cause 
alterations in ERN amplitudes in such way that, relative 
to the control group, ERN amplitudes between T0 and T1 
would increase in the worry induction group and decrease 
in the worry reduction group. Likewise, we explorato-
rily investigated associations of trait and state worry and 
the CRN cross- sectionally and longitudinally. In a first 
meta- analysis, there was no evidence for a link between 
anxiety and the CRN (Moser et al., 2013). In contrast, a 
more recent meta- analysis found a small but significant 
association of anxiety and the CRN, but this was not mod-
erated by the type of anxiety, such as worry (Saunders & 
Inzlicht, 2020).

2  |  METHOD

2.1 | Participants

When preregistering the hypotheses and methods of our 
study (Härpfer et al., 2020), an a priori sample size cal-
culation was conducted using G*Power, version 3.1.9.7 
(Faul et al., 2009, 2007). Based on the results of a pre-
vious study (Schroder et al.,  2018), we assume to find 
medium- sized effects of the worry interventions. Paired 
comparisons of subgroups (two- sided dependent t- tests) 
can detect medium- sized effects (Cohen’s d > 0.60) with 
a sample size of n = 24 per group, a power of 80%, and 
an alpha of 0.05 (Cohen,  1992). Specifications of the 
sample size calculation can be found in the supplemen-
tary materials (Figure S1). As preregistered, participants 
were recruited until n = 30 complete and evaluable data 
sets per group were collected (n = 4 were excluded and 
replaced, for details see section ‘Electrophysiological 
Recording and Processing’). In light of the mixed pre-
vious findings, this enabled detecting possible smaller 
effects. Therefore, our final sample consisted of N = 
90 right- handed university students (66 identified as 
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female) aged 18 to 30 years (M = 23.50, SD = 3.12). They 
received either course credit or monetary compensation 
for their participation.

Participants were required to speak German as a na-
tive language, to have normal or corrected- to- normal vi-
sion, and to be able to provide written informed consent. 
Exclusion criteria for all subjects included a history of any 
neurological disorder, current or lifetime diagnosis of a 
substance- related disorder, schizophrenia spectrum disor-
der, bipolar disorder, and use of benzodiazepines during 
the last week or of neuroleptic medication during the last 
three months. At the time of participation, n = 15 partici-
pants were currently medicated with at least one drug in-
cluding oral contraceptives (n = 7), antidepressants (n = 
4), dermatological drugs against acne (n = 3), and thyroid 
hormones (n = 2).

Regarding clinical status, n = 14 participants had 
a current or lifetime diagnosis for at least one mental 
disorder including a major depressive episode (n  =  5 
lifetime), anorexia nervosa (n = 3 lifetime), bulimia 
nervosa (n = 3 lifetime), specific phobia (n = 2 cur-
rent, n  =  1 lifetime), panic disorder (n = 2 lifetime), 
obsessive- compulsive disorder (n = 1 lifetime), pain dis-
order (n = 1 lifetime), and posttraumatic stress disorder 
(n = 1 lifetime). Note, that information on clinical status 
was missing for seven participants.

2.2 | Procedure

Participants received verbal and written information of 
the objectives and methods of the study and gave writ-
ten informed consent. Mental disorders were assessed by 
trained personnel using the Structured Clinical Interview 
for DSM- 5— clinical version (SCID- 5- CV; Beesdo- Baum 
et al., 2019; First et al., 2016). During the laboratory as-
sessment (Figure 1), participants were asked to identify at 
least three worry topics with high personal relevance that 
could be used at a later point in time. They were given 
a list of possible content domains as examples (Arch & 
Craske,  2006; Boehnke et al.,  1998) including social re-
lations, achievement/work, money/economics, health, 
and safety, but they could also write down any other ide-
ographic worry topic. This identification procedure was 
adapted from previous worry intervention studies (Arch & 
Craske, 2006; Oathes et al., 2008; Vasey & Borkovec, 1992; 
Verkuil et al., 2009).

After that, participants completed several question-
naires, performed a flanker task (T0), and had a four- 
minute resting state assessment (T0). The resting state 
served for another research question and results will be 
reported elsewhere. Next, participants were randomly 
assigned to one of three groups (induction, reduction, 

control) and parallelized across groups regarding gen-
der. This randomization procedure ensured a balanced 
design with equally sized groups. The experimental 
groups received either an eight- minute worry induction 
or reduction; the passive control group did not receive 
any intervention and paused for an equivalent amount 
of time. The interventions were informed by previous 
literature. We aimed at selecting interventions that 
wereas potent and standardized as possible. Regarding 
the length of the interventions, we considered eight 
minutes as the best tradeoff between sufficiently in-
ducing worries in the induction group, yet preventing 
participants to start habituating, and reducing worry 
effectively in the reduction group by allowing them 
enough time to reflect.

The worry induction was consistent with previ-
ous studies using a classical induction paradigm to 
create a worrisome and ruminative state (e.g., Arch 
& Craske,  2006; Borkovec & Inz,  1990; Fisher & 
Newman,  2013; Lyonfields et al.,  1995; McLaughlin 
et al.,  2007; Oathes et al.,  2008; Ray et al.,  2009; 
Ruscio & Borkovec,  2004; Thayer et al.,  1996; Vasey 
& Borkovec,  1992; Verkuil et al.,  2009). In accordance 
with the Catastrophizing Interview Technique (Vasey & 
Borkovec,  1992), participants were instructed to worry 
as intensively as they can until the experimenter asked 
them to stop. Participants should think about worst- case 
scenarios, the consequences for themselves as well as 
for significant others, and how badly they would feel 
if their worries became reality. They were allowed to 
switch back and forth between worry topics to facilitate 
rumination; but they were instructed to return to the 
chosen worry topics if their thoughts drifted away.

The reduction paradigm was also based on previous 
research on emotional expressive writing (e.g., Baddeley 
& Pennebaker,  2011; Gortner et al.,  2006; Pennebaker 
& Beall,  1986; Pennebaker & Francis,  1996; Ramirez & 
Beilock,  2011; Sayer et al.,  2015; Schroder et al.,  2018). 
Participants were asked to write as openly as possible about 
their thoughts and feelings regarding their worry topics 
until the experimenter asked them to stop. Participants 
were encouraged to explore their thoughts and feelings 
in a completely non- judgmental manner and they were 
informed that they could keep their essay to ensure con-
fidentiality. Subsequently, all participants performed an-
other flanker task (T1), followed by a two minute booster 
session of the intervention or pause, and another four- 
minute resting state (T1).

Manipulation checks were implemented at several 
points throughout the assessment (i.e., before the T0 
and T1 flanker, before the T0 and T1 resting state, before 
the intervention/pause, and after the T1 resting state) in 
order to track intraindividual changes of participants’ 
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mood over time. These short manipulation checks were 
introduced by ‘At this moment…’ and consisted of three 
domains with each two items: worry (‘… how worried are 
you?’, ‘… how much do you ruminate?’), arousal (‘… how 
aroused are you?’, ‘… how tensed are you?’), and affect (‘… 
how many positive feelings do you feel [e.g., joyful, enthu-
siastic, active]?’, ‘how many negative feelings do you feel 
[e.g., angry, sad, anxious]?’). Participants rated each item 
on a on a forced- choice visual analogue scale ranging from 
0 to 100. Scores of the three domains were aggregated by 
averaging the respective two items (the item for negative 
affect was first inverted before averaging). The local ethics 
committee approved that the study procedure is in accor-
dance with the Declaration of Helsinki (World Medical 
Association, 2013).

2.3 | Questionnaires

During laboratory assessment, following questionnaires 
were administered: Trait worry was measured by the 
Penn State Worry Questionnaire (PSWQ; 16 items, 5- 
point Likert scale 1– 5; α = .93; Glöckner- Rist & Rist, 2014; 
Meyer et al., 1990), anxious arousal by the respective sub-
scale of the Mood and Anxiety Symptom Questionnaire 
(MASQ- AA; 17 items, 5- point Likert scale 1– 5; α = .87; 
Watson & Clark,  1991; Watson et al.,  1995), trait anxi-
ety by the respective subscale of the State- Trait- Anxiety 
Inventory (STAI- T; 20 items, 4- point Likert scale 1– 4; 
α =  .89; Laux et al., 1981; Spielberger et al., 1970), obsessive- 
compulsive symptoms by the Obsessive- Compulsive 
Inventory Revised (OCI- R; 20 items, 5- point Likert scale 

F I G U R E  1  Flowchart of the study procedure. Boxes with surrounding dashed lines were part of another research question whose 
results will be presented elsewhere. Duration of each task is approximative. State measurements throughout the study ensured the tracking 
of fluctuations in state worry, state arousal, and state affect
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0– 4; α = .85; Foa et al., 2002; Gönner et al., 2007), depres-
sion symptoms by the Beck Depression Inventory (BDI- II; 
21 items, 4- point Likert scale 0- 3; α = .92; Beck et al., 1996; 
Hautzinger et al.,  2006), alcohol consumption by the 
Alcohol Use Disorders Identification Test (AUDIT; 10 
items, 5- point Likert scale 0– 4; α = .75; Babor et al., 2001), 
and handedness by the modified Edinburgh Handedness 
Inventory (EHI; 10 items, 5- point Likert scale −10 to +10; 
α = .75; Loffing et al., 2014; Oldfield, 1971).

2.4 | Task

Participants sat in a dimly lit, electrically shielded cabin ap-
prox. 24 inches in front of a 19- inch LCD monitor with a 
resolution 1920  ×  1080 pixels and a refresh rate of 120 Hz. 
A speeded arrowhead version of the flanker task (Eriksen & 
Eriksen, 1974) with a set of five horizontally aligned arrows 
(one target, four flankers) was displayed using Presentation 
Software (Neurobehavioral Systems, Inc., Albany, California). 
The set of arrows was approx. 6.2° in width and approx. 1.0° 
in height with an equal number of trials pointing pseudo 
randomly either into same (<<<<< or >>>>>) or opposite 
directions (<<><< or >><>>). Each trial included fixation 
(200– 1200 ms), presentation of arrow stimuli (100 ms), and re-
sponse (max. 800 ms). Participants were instructed to indicate 
the direction of the center arrow by pressing a key with their 
respective left or right index finger as quickly and accurately as 
possible, which was practiced in 20 trials before the first flanker 
task. Each of the five blocks consisted of 80 trials, which equals 
400 trials in total. After each block, participants received a 
performance feedback asking them to respond faster, irre-
spective of their actual response times. This procedure was 
used for three reasons: First, to achieve sufficient error trials 
in both flanker tasks; second, a reasonable length of the tasks; 
and third, there is evidence that neural differences between 
OCD patients and healthy control participants are pronounced 
under speed conditions (Riesel, Kathmann, et al., 2019).

Accuracy was defined as the percentage of correct re-
sponses of the response trials, response times as the time 
difference between the onset of arrows and the respective 
correct or incorrect response, and post- error slowing (PES) 
was quantified using the robust measurement method 
(i.e., the average response time difference between the last 
correct trial before an error and the first correct trial after 
an error; Dutilh et al., 2012).

2.5 | Electrophysiological 
recording and processing

The setup of recording and processing parameters of the 
electrophysiological data were mostly as preregistered. 

Whenever we deviated from the preregistration, we 
clearly state which other parameters were chosen. As pre-
registered, using 61 passive Ag/AgCl- electrodes mounted 
on a cap with equidistant and concentric electrode sites 
(Easycap, Herrsching, Germany) and two 32- channel 
BrainAmp amplifiers (Brain Products GmbH, Gilching, 
Germany), EEG signals were recorded with a band- pass 
filter of 0.01 to 250 Hz and digitized continuously at a 
sampling rate of 1000 Hz. Recording reference was lo-
cated between AF3 and Fz, the ground electrode between 
AF4 and Fz. External electrodes were placed at the left in-
fraorbital site for vertical eye movements and at the neck 
for the electrocardiogram. Impedances were always kept 
below 5 kΩ, however, we did not preregister a maximum 
impedance threshold.

Processing of the EEG data was performed in Brain 
Vision Analyzer (Brain Products GmbH, Gilching, 
Germany). First, a band- pass filter with a low cut- off of 
0.1 Hz and a high cut- off of 30 Hz (24 dB/oct roll- off) as 
well as a notch filter of 50 Hz was applied to continuous 
EEG data. Subsequently, ocular artifacts were corrected 
by using an independent component analysis (ICA; Jung 
et al.,  2000), whereby relevant components were semi 
automatically identified and manually checked by visual 
inspection of the scalp topography, the component acti-
vation, and the inspection of the corrected EEG signal. 
Continuous data were then re- referenced to the average of 
all scalp electrodes and segmented into response- locked 
epochs (−500 to 800  ms). Segments containing artifacts 
(i.e., absolute voltage range exceeding 200 μV, voltage step 
exceeding 50 μV between consecutive data points, or max-
imum voltage difference of less than 0.5 μV within 100 ms 
intervals) were removed. Due to equipment failure (n = 
1) and low data quality (i.e., more than 25% of all trials 
containing artifacts; Luck, 2014; n = 3) participants were 
excluded and replaced before data analysis. In the final 
sample, artifact rejection caused minimal data loss in both 
the first (M = 0.99%, SD = 0.02%, Max. = 13.00%) and the 
second flanker (M = 0.68%, SD = 0.02%, Max. = 10.40%). 
None of participants was falling below a threshold of less 
than six usable error segments in either flanker task (Olvet 
& Hajcak, 2009). We did not preregister a fixed baseline 
interval but specified a visual inspection procedure to 
identify a baseline that ensures aligned waveforms in the 
pre- response interval. Consequently, segments were cor-
rected for the baseline interval of −500 to −300 ms and 
averaged separately for correct and erroneous responses.

The preregistered procedure to determine the elec-
trode at which the ERN and CRN were quantified was 
also based on visual inspection. At FCz, the signal was 
maximal after inspecting the grand- averaged waveforms 
and topographical distributions. As preregistered, quan-
tification was based on peak- to- peak amplitudes, which 
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is the difference between the most negative peak in the 
0– 100 ms post- response interval and the most positive 
peak in a −100 to 0 ms pre- response window. ERPs re-
vealed good psychometric properties for both the ERN 
(rT0 = .85; rT1 = .85) and CRN (rT0 = .96; rT1 = .92) as 
indicated by Spearman- Brown corrected correlations of 
odd-  and even- numbered trials. In order to ensure the 
robustness of result patterns and to account for the po-
tential influence of methodological choices in ERP re-
search (Klawohn, Meyer, et al., 2020; Sandre et al., 2020), 
we decided in our preregistration to report results of our 
main analyses for other commonly used scoring strate-
gies (Tables S1 and S2 in the Supporting Information), 
including mean amplitude between 0 and 100 ms after 
response, adaptive mean amplitude around the most 
negative peak (±20 ms) in the 0– 100 ms post- response 
interval, and the difference measure (i.e., ΔERN) using 
mean amplitude between 0 and 100 ms after correct and 
erroneous responses.

2.6 | Data analysis

As preregistered, frequentist analyses were conducted 
using IBM SPSS Statistics, version 25.0 (SPSS, Inc., 
Chicago) with a significance level of α = .05. Differences 
in demographic (age, education, handedness) and clini-
cal characteristics (all questionnaires) between the three 
groups were tested by one- way analysis- of- variance 
(ANOVAs) with group (induction, reduction, control) 
as between- subject factor. For the manipulation checks, 
3 × 6 mixed- measures ANOVAs with group (induction, 
reduction, control) as between- subject factor and time 
(State 1 to 6) as within- subject factor were performed 
separately for worry, arousal, and affect. Note, that the 
manipulation check analysis was not specified in the 
preregistration.

Cross sectional hypotheses on ERPs (ERN and CRN) 
and behavioral data (accuracy, response times for correct 
and incorrect response, and PES) were analyzed, as pre-
registered, using separate multiple linear regression mod-
els including the predictors gender, PSWQ, and gender × 
PSWQ to investigate the association of worry and ERPs as 
well as the role of gender as a potential moderator of the 
relationship between worry and ERPs (Moran et al., 2012; 
Moser et al., 2016). Exploratively, we also conducted sepa-
rate independent samples t- tests between participants that 
had any current or lifetime diagnosis and those who were 
not diagnosed with a disorder to investigate whether these 
two groups differ in ERN or CRN amplitudes.

Longitudinal hypotheses on ERPs (ERN and CRN) and 
behavioral data (response times for correct and incorrect 
response) were analyzed, as preregistered, using separate 

2 × 2 × 3 mixed- measures ANOVAs with time (T0, T1) and 
response (correct, incorrect) as within- subject factors as 
well as group (induction, reduction, control) as between- 
subject factor. Accuracy and PES were tested by 2 × 3 
mixed- measures ANOVAs with time (T0, T1) as within- 
subject factor and group (induction, reduction, control) 
as between- subject factor. Greenhouse- Geisser correction 
was applied if the assumption of sphericity was violated. 
Follow- up analyses were conducted if results revealed sig-
nificant interactions. Mirroring the frequentist analyses, 
we also conducted explorative Bayesian statistical analyses 
using JASP, version 0.15.0.0. (JASP Team, 2021) allowing 
the quantification of evidence for the null hypothesis (i.e., 
the absence of an effect of worry interventions on ERPs; 
Keysers et al.,  2020). Complementary mixed- measures 
Bayesian ANOVAs were performed with weakly informa-
tive priors (r scale fixed effects = 0.5; random effects = 1; 
covariates = 0.354; van Doorn et al., 2021) resulting in a 
Bayes factor (BF) that quantifies the evidence for the al-
ternative hypothesis over the null hypothesis (BF10) or for 
the null hypothesis over the alternative hypothesis (BF01 
= 1/BF10) of a specific model that includes the predictor of 
interest. For example, the BF10 = 20 implies that the alter-
native hypothesis (i.e., there is an effect) is 20 times more 
likely than the null hypothesis (i.e., the absence of an ef-
fect) in light of the data. The Bayes factor included (BFIncl) 
reflects the inclusion probability of a predictor across all 
models excluding this specific predictor. Although the 
Bayes factor is a continuous metric, we refer to a heuris-
tic (Raftery, 1995) when interpreting the BF10 and BFIncl: 
Evidence can be weak (BF = 1– 3 or 0.33), positive (BF = 
3– 20 or 0.33– 0.05), strong (BF = 20– 150 or 0.05– 0.0067), 
or very strong (BF > 150 or 0.0067– 0).

3  |  RESULTS

3.1 | Demographic and clinical data

Group- specific means and standard deviations of demo-
graphical and clinical data can be found in Table  1. As 
preregistered, we examined potential group differences in 
these data. However, groups displayed no significant dif-
ferences regarding demographic and clinical data. In an 
additional explorative analysis, no differences between 
groups were found regarding current or lifetime clinical 
status, χ2 (2) = 0.06, p = .969.

3.2 | Manipulation check

Results of the manipulation checks revealed significant 
differences of participants' mood throughout the study 
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(Figure 2). There was no main effect of group, F(2, 87) 
= 2.34, p = .102, !2p = 0.05, but a significant main effect 
of time, F(3.60, 312.96) = 16.58, p < .001, !2p = 0.16, and 
a significant interaction effect of group × time, F(7.19, 
312.96) = 10.46, p < .001, !2p = 0.19, in the ANOVA test-
ing state worry. Follow- up one- way ANOVAs indicated 
that groups did not differ regarding state worry, neither 
before the first flanker, F(2, 87) = 0.04, p = .965, !2p = 
0.00, nor before the intervention, F(2, 87) = 0.12, p = 
.890, !2p = 0.00. However, state worry differed between 
groups after the intervention, F(2, 87) = 12.38, p < .001, 
!
2
p = 0.22, indicating that both the induction and the re-

duction group reported higher levels of state worry com-
pared to the control group (Figure 2). In summary, the 
induction and reduction group did not differ from the 
control group regarding state worry before the interven-
tion, but they did so after the intervention during the sec-
ond flanker and resting state assessment. Consequently, 
the worry induction successfully increased levels of state 
worry in the induction group. However, instead of lower 
levels of state worry in the reduction group, participants 
reported higher levels of state worry after the emotional 
expressive writing, which was the opposite pattern of 
that expected.

Similar patterns were found for state arousal (Figure 2), 
where there was no main effect of group, F(2, 86) = 0.73, 
p = .487, !2p = 0.02, but a significant effect of time, F(4.25, 
365.22) = 27.28, p < .001, !2p = 0.24, and group × time, 
F(8.39, 365.22) = 3.59, p < .001, !2p = 0.08, indicating an in-
crease in arousal as a result of both interventions. State af-
fect also varied as a function of group and time (Figure 2) 
with no main effect of group, F(2, 86) = 2.82, p = .065, 
!
2
p  =  0.06, but a significant effect of time, F(3.67, 

315.36)  =  38.64, p < .001, !2p = 0.31, and group × time,  

F(7.33, 315.36)  = 5.39, p < .001, !2p = 0.11. As with state 
worry and arousal, state positive affect decreased as a result 
of the worry induction and reduction.1 Taken together, our 
interventions not only altered levels of state worry, but also 
of state arousal and state affect, such that the induction and 
reduction group did not differ from the control group be-
fore the intervention, but did so after the intervention 
during the second flanker and resting state assessment.

3.3 | Event- related potentials

Group- specific means and standards deviation of the ERN 
and CRN at T0 and T1 can be found in Table 2.

3.3.1 | Cross- sectional analyses of trait 
worry and ERPs

The preregistered cross- sectional analyses for the ERN 
(T0) revealed a significant main effect of gender, b = 2.65, 
SE = 1.05, p = .014, and an interaction effect of gender × 
PSWQ, b = 0.32, SE = 0.10, p = .002, but no main effect 
of PSWQ, b = - 0.06, SE = 0.04, p = .221, R2 = .13, F(3, 86) 
= 4.23, p = .008. As indicated by Figure 3, higher levels of 
trait worry were associated with larger (i.e., more nega-
tive) ERN amplitudes in female participants, whereas in 
male participants, higher levels of trait worry were asso-
ciated with smaller (i.e, more positive) ERN amplitudes. 
Regarding the CRN (T0), we observed a main effect of 

 1The reason why there is one degree of freedom less in the analyses for 
arousal and affect was missing data of one participant due to a technical 
malfunction.

F I G U R E  2  State measurements of state worry, state arousal, and state affect. State measurements tracked fluctuations of state worry (a), 
state arousal (b), and state affect (c) throughout the study and were assessed before each task. Each scale consisted of two items that were 
rated on a visual analogue scale. For state worry and state arousal, the potential range was 0 to 100, for state affect it was - 50 to 50. Error bars 
represent one standard error. Asterisks indicate significant differences between groups at each time point: ***p < .001. **p < .01. *p < .05
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gender and PSWQ: Females compared to males showed a 
higher CRN, b = 1.20, SE = 0.56, p = .034. Furthermore, 
increasing levels of trait worry were associated with larger 
CRN amplitudes, b = −0.05, SE = 0.02, p = .031, irrespec-
tive of gender since no gender × PSWQ interaction was 
observed, b = 0.09, SE = 0.05, p = .075, R2 = .11, F(3, 86) 
= 3.44, p = .020.

In addition, we exploratively examined the impact of 
current or lifetime psychopathology on ERPs: An inde-
pendent samples t- test compared participants who had 
any current or lifetime diagnosis of at least one internal-
izing disorder (n = 14) and those who were not diagnosed 
with a disorder (n = 69). Results indicated a larger ERN 
amplitude in the clinical group (M = −9.96, SD = 4.86) 
compared to the healthy group (M = −6.81, SD = 3.68), 
t(81) = 2.76, p = .007, d = 0.81. No evidence emerged for 
CRN associations with lifetime clinical status, t(81) = 
1.45, p =  .151, d = 0.43 (Figure 4).

3.3.2 | Longitudinal analyses of state 
worry and ERPs

In the preregistered longitudinal analyses for the ERN and 
CRN (Figure 5), we found larger amplitudes for erroneous 
compared to correct responses, F(1, 87) = 155.49, p < .001, 
!
2
p = 0.64. Further, we found a significant interaction of re-

sponse × time, F(1, 87) = 8.92, p = .004, !2p = 0.09, driven by 
a reduction of the CRN at T1, while no evidence emerged 
for ERN differences between T0 and T1. Importantly, nei-
ther a main nor interaction effect including group were 
observed, suggesting the absence of evidence for worry in-
terventions modulating ERN or CRN. Further, none of the 
other main or interaction effect reached significance (all 
ps > .45). Detailed statistics are summarized in Table 3.

To further trace the missing intervention effect, we 
performed non- preregistered Bayesian analyses. These 
complementary Bayesian analyses yielded very strong 

F I G U R E  3  Scatter plots depicting the 
relationship between trait worry and ERN 
(a) and CRN (b). CRN, correct- response 
negativity; ERN, error- related negativity; 
PSWQ, Penn State Worry Questionnaire. 
Data points, regression lines, and densities 
were grouped by gender.

F I G U R E  4  Response- locked grand- averaged waveforms of correct and erroneous trials at baseline (T0) for the clinical group with a 
history of internalizing disorders and the unaffected healthy group (a). Corresponding topographic head maps of the ERN and CRN (b)
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evidence for response type since all models including 
response type compared to the null model were more 
likely given the data (BF10 > 2.61e+39), with the most 
likely model encompassing response type alone (BF10 = 
8.91e+43). Furthermore, there was positive to strong evi-
dence against including group, time, or an interaction in-
volving one of them into the model (Table 3) suggesting 
that neither ERN nor CRN varied as a function of state 
worry interventions.

Past research suggests that the link between anxiety 
and larger ERN amplitudes is larger for females (Moser 
et al.,  2016). Therefore, in an explorative approach, we 
analyzed potential ERN variations of only female par-
ticipants in our sample (n = 22 per group) using a 2 × 3 

mixed- measures ANOVA with time (T0, T1) as a within- 
subject factor and group (induction, reduction, control) as 
a between- subject factor. Results indicated no significant 
effect of group, F(1, 63) = 0.57, p = .567, !2p = 0.18, time, 
F(1, 63) = 2.92, p = .093, !2p = 0.04, or time × group, F(2, 
63) = 0.81, p = .451, !2p = 0.03. Taken together, in the fe-
male sample, we could not find evidence for ERN varia-
tions from T0 to T1 by our state worry interventions.

3.4 | Behavioral data

Group- specific means and standard deviations of behavio-
ral data at T0 and T1 can be found in Table 2.

F I G U R E  5  Response- locked grand- averaged waveforms of correct and erroneous trials at baseline (T0) and after the intervention (T1) 
for the worry reduction group (a), passive control group (b), and worry induction group (c). Corresponding topographic head maps of the 
ERN and CRN for the worry reduction group (d), passive control group (e), and worry induction group (f)

F df !2p p BFIncl.

Response 155.49 1, 87 0.64 <.001 f

Response × Time 8.92 1, 87 0.09 .004 0.182
Response × Group 0.46 2, 87 0.01 .632 0.047
Response × Time × Group 0.77 2, 87 0.02 .465 0.000
Time 0.21 1, 87 0.00 .648 0.078
Time × Group 0.80 2, 87 0.02 .453 0.006
Group 0.80 2, 87 0.02 .453 0.084

Note. Bayes factor included (BFIncl), correct- response negativity (CRN), error- related negativity (ERN), 
group (induction, reduction, control), response (correct, incorrect), time (T0, T1). Significant p < .05 
printed in bold.

T A B L E  3  Results of frequentist and 
Bayesian ANOVA for ERN and CRN with 
factors response, time, and group
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3.4.1 | Cross- sectional analyses of trait 
worry and behavioral data

As preregistered, we also investigated whether behavioral 
data of the flanker (T0) varied as a function of trait worry 
and gender. None of the predictor significantly predicted 
accuracy; neither gender, b = −0.01, SE = 0.03, p = .735, 
PSWQ, b = 0.00, SE = 0.00, p = .855, nor the interaction of 
gender × PSWQ, b = - 0.00, SE = 0.00, p = .074, R2 = .05, 
F(3, 86) = 1.37, p = .259.

Response times were also not significantly predicted by 
gender, b = −24.03, SE = 13.75, p = .084 (correct trials), 
b = −18.86, SE = 16.28, p = .250 (incorrect trials), PSWQ, 
b = 1.04, SE = 0.59, p = .079 (correct trials), b  =  1.12, 
SE = 0.69, p = .111 (incorrect trials), nor the interaction 
of gender × PSWQ, b = −0.50, SE = 1.29, p = .646 (cor-
rect trials), b = 0.78, SE = 1.53, p = .609 (incorrect trials), 
R2 =  .09, F(3, 86) = 2.90, p = .040 (correct trials), R2 = .10, 
F(3, 86) = 3.06, p = .032 (incorrect trials).

However, we found an effect of gender on PES: Males 
compared to females showed less slowing after commit-
ting an error, b = −20.55, SE = 6.72, p = .003. No effect on 
PES emerged for PSWQ, b = −0.06, SE = 0.29, p = .847, or 
the interaction of gender × PSWQ, b = −0.39, SE = 0.63, 
p = .537, R2 = .10, F(3, 86) = 3.26, p = .025.

When comparing participants with and without a cur-
rent or lifetime diagnosis of a mental disorder in explorative 
analyses, we found no differences regarding accuracy, t(81) 
= 0.10, p = .923, d = 0.03, nor response times, t(81) = −0.06, 
p = .953, d = −0.02 (correct trials), t(81) = 0.51, p = .611, 
d = 0.15 (incorrect trials). However, PES was significantly 
longer in the clinical group compared to the healthy group, 
t(81) = −2.19, p = .031, d = - 0.64.

3.4.2 | Longitudinal analyses of state 
worry and behavioral data

Following our preregistration, we examined the behavio-
ral data across both sessions and groups. Across groups 
(induction, reduction, control) and sessions (T0, T1), ac-
curacy was comparable, as indicated by the absence of 
an effect of group, F(2, 87) = 0.30, p = .446, !2p = 0.02, or 
time, F(1, 87) = 0.00, p = .986, !2p = 0.00, in the mixed 
measures ANOVA. The interaction of group × time was 
also not statistically significant, F(2, 87) = 0.28, p = .756, 
!
2
p = 0.01. For response times, we observed a main effect 

of response type and session: Participants showed faster 
responses for incorrect compared with correct trials, F(1, 
87) = 296.79, p < .001, !2p = 0.77, and were faster at T1 
compared to T0, F(1, 87) = 34.83, p < .001, !2p = 0.29. No 
main effect of group and no interaction with group were 
observed, indicating a comparable training effect in all 

groups. In addition, the response × time interaction was 
significant, F(1, 87) = 9.18, p = .003, !2p = 0.10, reflecting 
a larger decrease in response times for correct trials. A 
training effect of time was also found for the PES, where 
the PES was smaller at the T1, F(1, 87) = 26.55, p < .001, !2p 
= 0.24, independent of group, F(2, 87) = 0.07, p = .930, !2p 
= 0.00, or the interaction of group × time, F(2, 87) = 0.52, 
p = .599, !2p = 0.01.

4  |  DISCUSSION

Previous studies suggested that the link between anxi-
ety and neural correlates of performance monitoring 
may be driven by worry. However, most of these studies 
used cross- sectional research designs that preclude causal 
inferences. The present study aimed at disentangling 
the effects of trait and state worry on ERN and CRN in 
a mainly subclinical sample. To this end, we performed 
cross- sectional as well as longitudinal analyses in a ran-
domized controlled trial. First, n = 90 university students 
completed a flanker task, after which they were randomly 
assigned to either a worry induction, a worry reduction, 
or a passive control group. Afterwards, they performed a 
second flanker task to assess potential alterations of per-
formance related ERPs attributable to the worry inter-
ventions. Manipulation checks showed that compared 
to the control group, state worry increased in the induc-
tion group, but also in the reduction group. However, this 
marked increase in state worry in both groups had no ef-
fects on ERN or CRN amplitudes. Across all groups, CRN 
amplitudes decreased over time, possibly reflecting either 
training effects or task disengagement. Cross- sectional 
analyses of the baseline ERPs found larger ERN and CRN 
amplitudes in females. In addition, higher levels of trait 
worry were associated with larger CRN amplitudes (irre-
spective of gender) and larger ERN amplitudes in females 
only, whereas in males, higher levels of trait worry were 
associated with smaller ERN amplitudes. Participants 
with a current or lifetime diagnosis of internalizing disor-
ders showed larger ERN amplitudes compared to partici-
pants without a lifetime diagnosis.

In terms of our preregistered hypotheses, we only 
found partial support for our first hypothesis propos-
ing an association of trait worry with larger ERN am-
plitudes: Only females showed an increase of ERN with 
growing levels of trait worry. This finding is in line with 
meta- analytical evidence suggesting a gender- specific 
link which was attributed to larger inferences of subvo-
cal rehearsal and gonodal hormones in females on task 
performance and cognitive control (Moser et al.,  2016). 
Males, in comparison, showed the opposite direction of 
effects with smaller ERN amplitudes in participants with 
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increasing trait worry— an unexpected finding that has 
not been reported before and that warrants further in-
vestigation. Nonetheless, we want to emphasize that our 
sample consisted of only n = 24 male participants, lim-
iting the generalizability of male- specific associations. 
Irrespective of gender, CRN amplitudes were larger in 
participants with larger trait worry, which might imply 
that the link to neural correlates of performance moni-
toring is not specific to error monitoring but translates to 
performance monitoring in general. This is in line with 
recent meta- analytical evidence suggesting a small rela-
tionship between anxiety and CRN amplitudes (Saunders 
& Inzlicht, 2020). Our results support this pattern and re-
fine this relationship by pointing to a specific association 
of trait worry and the CRN. Contradicting previous find-
ings (Fischer et al.,  2016; Härpfer, Carsten, Spychalski, 
et al.,  2020; Larson et al.,  2011), females showed larger 
ERN and CRN amplitudes compared to males. As men-
tioned before, there were only few male participants in 
our sample limiting the generalizability of the present 
gender- related results. Future studies targeting research 
questions of gender- specific effects of performance associ-
ated ERPs should recruit more equally distributed samples 
with large and comparably sized gender groups including 
participants across the whole worry spectrum, to deliver 
more informative and reliable evidence for the suggested 
link. Altogether, our cross- sectional findings support the 
hypothesized relationship between neural correlates of 
performance monitoring and worry in females, and sug-
gest that this relationship may not be error- specific.

Because we aimed at disentangling the possible effects 
of trait and state worry on performance monitoring, we 
experimentally manipulated state worry by targeted inter-
ventions. Because both interventions resulted in a signifi-
cant increase in state worry, we can only make conclusions 
about the induction of state worry. No empirical support 
could be found for our second preregistered hypothesis 
that higher levels of state worry lead to an increased ERN. 
This null finding was backed by explorative Bayesian anal-
yses that allow the quantification of evidence for the null 
hypothesis, yielding positive to strong evidence against an 
association of state worry and the ERN. In addition, we 
could also not find evidence for ERN variations due to the 
state worry interventions in an all- female subsample. Our 
second hypothesis was derived from the CEMH assuming 
that the link between error monitoring and worry is the 
product of compensatory effort of the brain to overcome 
processing inefficiency due to the workload that worries 
put on working memory (Moser et al.,  2013). However, 
our results do not support that ERN amplitudes increase 
when state worry does, as the CEMH predicts.

It is important to note that there is an ongoing debate 
in the literature whether the ERN is a trait- like neural 

risk maker or whether it reflects symptom states. It is also 
discussed whether the ERN can be altered by interven-
tions (Moser et al., 2013; Proudfit et al., 2013). On the one 
hand, an error- specific training (Meyer et al., 2020) as well 
as an attentional bias modification (Klawohn, Hajcak, 
et al., 2020; Nelson et al., 2015; but see Carlson et al., 2021) 
successfully reduced ERN amplitudes, suggesting that the 
ERN can be modulated and might thus be state related to 
a certain degree. On the other hand, cognitive behavioral 
therapy decreasing psychopathological symptoms has no 
effect on the ERN (Gorka et al., 2018; Hajcak et al., 2008; 
Kujawa et al.,  2016; Ladouceur et al.,  2018; Riesel 
et al., 2015), unaffected first- degree relatives and their af-
fected family members show similar aberrant error mon-
itoring (Carrasco et al.,  2013; Riesel et al.,  2011; Riesel, 
Klawohn, et al., 2019), and an enhanced ERN is predic-
tive for the onset of anxiety disorders (Meyer et al., 2015). 
These studies further emphasize the stable, trait- like prop-
erties of the ERN but still show that state manipulations 
that alter error sensitivity also lead to ERN variations.

In light of these previous findings, together with the 
results of the current study showing ERN variation due 
to interindividual differences (i.e., trait worry, lifetime 
internalizing psychopathology) but not intraindividual 
differences in emotional state (i.e., state worry), we con-
clude that increased ERN amplitudes are not a conse-
quence or a correlate of worry, but rather may reflect a 
more stable general disposition (i.e., trait- like) underly-
ing increased anxiety and worry. This conclusion is in 
line with the assumption that the ERN likely represents 
a trait- like risk marker or endophenotype for anxiety 
(Olvet & Hajcak,  2008; Proudfit et al.,  2013; Riesel, 
Klawohn, et al., 2019). However, the fact that the ERN 
does not seem to be related to state worry does not imply 
that the ERN per se is insensitive to other emotional 
states but that the trait- like properties might limit the 
range of state- associated variability of the ERN. Previous 
research has found positive affect (Bakic et al.,  2014; 
Larson et al.,  2006; Nigbur & Ullsperger,  2020; but 
see Larson et al.,  2013) and negative affect (Pfabigan 
et al., 2013; Unger et al., 2012; Wiswede, Münte, Goschke, 
et al., 2009; Wiswede, Münte, & Rüsseler, 2009; but see 
Larson et al., 2006, 2013) to be associated with elevated 
ERN amplitudes when manipulating experimental con-
ditions using affective pictures, negative feedback, or 
mathematical reasoning tasks. Our study design did not 
aim to directly manipulate positive or negative affect, 
but as the manipulations checks show, affect was also 
influenced by the interventions (but to a lesser extent 
than state worry). The fact that no alterations of the 
ERN and CRN were observed contradicts earlier find-
ings, but could also be due to an insufficient potency of 
the intervention. At the same time, the non- specificity 
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of the effects also illustrates the large overlap between 
different anxiety- associated emotions.

The interpretation of the present results must be seen 
in light of certain limitations. Not only was there an un-
balanced distribution of gender in our sample, we also 
recruited mainly participants with subclinical levels of 
worry. The link between ERN and anxiety was less re-
liably demonstrated in subclinical samples (Saunders 
& Inzlicht,  2020) and males (Moser et al., 2016) which 
might have been the reason why the power of the present 
study was not large enough to detect small sized effects. 
However, Bayesian analyses provided positive to strong 
evidence against an effect of state worry on the ERN.

In addition, we cannot make any statement on the ef-
fects of a worry reduction as our intervention to reduce 
worry levels did not work as intended but instead, in-
creased state worry almost to the same magnitude as the 
worry induction did. Although there is meta- analytical ev-
idence for emotional expressive writing to improve a broad 
spectrum of psychological and physiological outcomes 
(Frattaroli,  2006; Zachariae & O'Toole,  2015), its spe-
cific effect on reducing worries has gained less attention. 
However, there are primary studies showing that expres-
sive writing significantly reduces worries and test anxiety 
(Goldman et al.,  2007; Wolitzky- Taylor & Telch,  2010). 
Meta- analyses also suggest that effect sizes are larger 
with increasing duration and number of writing sessions 
(Reinhold et al., 2018; Travagin et al., 2015). In our study, 
participants received a very short eight- minute interven-
tion that might have not allowed them to adapt to the ex-
posed worry topics. Another reason might be that we did 
not pre- select a sample of chronic worriers like Schroder 
et al. (2018) did. Individuals without chronic worries might 
not need to reduce or offload their minds from the dis-
tracting effects of worries. Therefore, they cannot benefit 
from such an intervention. However, we have chosen this 
approach because of the advantage to directly compare ef-
fects of a worry induction and reduction within one study.

Regarding the worry induction paradigm, we success-
fully induced worry, but did not see alterations in the ERN 
or CRN. This might be due to an absence of state- related 
influences on these ERPs, but might also be due to an insuf-
ficiently potent intervention. In fact, it is still unclear, how 
potent a worry intervention would have to be in order to 
alter performance monitoring associated ERPs. A statisti-
cally significant increase of state worry must not be equaled 
with a (clinically) relevant increase. Further, our findings 
and conclusion are restricted to mainly subclinical popu-
lations. Individuals with clinically relevant psychopathol-
ogies would be interesting participants for future studies 
investigating the effects of worry interventions. The effects 
of the interventions were also not worry- specific but also 
altered state affect and state arousal. Another difference 

to previous studies (Ramirez & Beilock,  2011; Schroder 
et al., 2018) is that our interventions were not linked to the 
upcoming testing situation. As a result, the interventions 
targeted worries that were unrelated to the performance of 
the flanker task and unrelated worries might have played a 
subordinate role for participants' performance monitoring 
at that task. A previous study showed that error monitoring 
increases with the greater relevance of error commission, 
such that the ERN is larger when a punishment is related 
to errors but not when punishment is unrelated (Meyer & 
Gawlowska, 2017). This might apply to related and unre-
lated worries as well. Yet, a link to ideographic and task- 
unrelated worries with personal relevance would imply 
increased ecological validity of findings and facilitate clin-
ical translation.

In summary, the present study investigated the ef-
fects of trait and state worry on performance monitor-
ing associated ERPs (i.e., ERN and CRN) in a mainly 
subclinical sample. We could only partially replicate an 
association of trait worry with larger ERN amplitudes: 
Only females showed larger ERN amplitudes with in-
creasing trait worry. Furthermore, in line with previous 
studies, we found larger ERN amplitudes in participants 
with a current or lifetime diagnosis for an internalizing 
disorder. Concerning the CRN, amplitudes were larger 
with increasing trait worry (irrespective of gender) but 
did not differ between participants with or without a 
lifetime diagnosis of internalizing disorders. Our worry 
interventions successfully manipulated levels of state 
worry, but only the worry induction showed effects into 
the intended direction, whereas the worry reduction 
also increased state worry. Nevertheless, neither ERN 
nor CRN amplitudes were altered due to any of the in-
terventions that led to marked increases in state worry. 
In the face of the current findings, we find tentative 
support for an association between trait worry and ERN 
and CRN, with gender being an important moderator. 
At the same time, we find no evidence for a causal role 
of state worry influencing the ERN or CRN in our sub-
clinical sample. Instead, consistent with previous find-
ings and assumptions, we demonstrate the stability and 
independence of the ERN from state worry, as assumed 
for a trait- like neural risk marker or endophenotype, as 
which the ERN has been repeatedly conceptualized.
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Figure S1 
Output with Specifications of the A Priori Sample Size Calculation Using 
G*Power, version 3.1.9.7. 

 
 

  



Supplementary Materials: Härpfer et al. – Effects of Trait and State Worry the ERN 

2 
 

 

Tables 

 

Table S1 

Effects of Gender, PSWQ, and Gender u PSWQ on the ERN and CRN Using Different Scoring Approaches. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Correct-response negativity (CRN), error-related negativity (ERN); mean amplitude (0 – 100 ms); 
area around the peak (r 20 ms); peak-to-peak (difference between most positive pre-response and most 
negative post-response peak); 'ERN = error-correct mean amplitude (0–100 ms); all quantifications were 
based on electrode FCz with an early pre-response baseline of -500 to -300 ms; gender (0 = female, 1 = 
male); PSWQ = Penn State Worry Questionnaire (mean centered); significant p <.05 printed in bold. 

Measure  Variable b SE t p R2 F df p 
ERN Peak-to-Peak      0.13 4.23 3, 86 .008  

 Gender 2.65 1.05 2.52 .014     
 PSWQ -0.06 0.04 -1.23 .221     
 Gender u PSWQ 0.32 0.10 3.26 .002     
Mean Amplitude      0.10 3.07 3, 86 .032 
 Gender 2.33 1.17 1.99 .049     
 PSWQ -0.08 0.05 -1.51 .135     
 Gender u PSWQ 0.30 0.11 2.78 .007     
Area around the peak      0.12 3.76 3, 86 .014 
 Gender 2.54 1.23 2.06 .043     
 PSWQ -0.09 0.05 -1.64 .105     
 Gender u PSWQ 0.37 0.12 3.17 .002     
'ERN      0.07 2.14 3, 86 .102 
  Gender 0.64 0.88 0.74 .464     
 PSWQ -0.01 0.04 -0.23 .818     
 Gender u PSWQ 0.19 0.08 2.32 .023     

CRN Peak-to-Peak      0.11 3.44 3, 86 .020 

 

 Gender 1.20 0.56 2.16 .034     
 PSWQ -0.05 0.02 -2.19 .031     
 Gender u PSWQ 0.09 0.05 1.80 .075     
Mean Amplitude      0.11 3.60 3, 86 .017 
 Gender 1.68 0.73 2.29 .024     
 PSWQ -0.07 0.03 -2.12 .037     
 Gender u PSWQ 0.11 0.07 1.65 .103      
Area around the peak      0.13 4.45 3, 86 .006 
 Gender 1.99 0.80 2.50 .014     
 PSWQ -0.08 0.03 -2.35 .021     

  Gender u PSWQ 0.12 0.07 1.57 .120     
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AbVWUacW 

IQ WKLV SUeUeJLVWeUed VWXd\, Ze LQYeVWLJaWed WKe UeOaWLRQVKLS beWZeeQ QeXUaO cRUUeOaWeV Rf 

SeUfRUPaQce PRQLWRULQJ aQd dLVRUdeUV Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. 

SSecLfLcaOO\, Ze aLPed aW XQdeUVWaQdLQJ WKe UROe Rf dLVRUdeU caWeJRU\, cOLQLcaO VWaWXV, faPLO\ ULVN, 

aQd WKe WUaQVdLaJQRVWLc V\PSWRP dLPeQVLRQV aQ[LRXV aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO. TR WKLV 

eQd, Ze PeaVXUed eYeQW-UeOaWed SRWeQWLaOV (ERPV) Rf SeUfRUPaQce PRQLWRULQJ (L.e., eUURU-UeOaWed 

QeJaWLYLW\, ERN, aQd cRUUecW-UeVSRQVe QeJaWLYLW\, CRN) LQ a OaUJe VaPSOe Rf n = 156 SaUWLcLSaQWV, 

LQcOXdLQJ JURXSV Rf SaWLeQWV ZLWK RbVeVVLYe-cRPSXOVLYe dLVRUdeU, VRcLaO aQ[LeW\ dLVRUdeU, aQd 

VSecLfLc SKRbLa, aV ZeOO aV a QaWXUaOLVWLc cRQWURO JURXS. CRQWUaU\ WR RXU LQLWLaO e[SecWaWLRQV, Ze 

dLd QRW RbVeUYe VLJQLfLcaQW dLffeUeQceV LQ ERPV aPRQJ WKe cOLQLcaO JURXSV, QRU LQ cRPSaULVRQ WR 

WKe QaWXUaOLVWLc cRQWURO JURXS. HRZeYeU, afWeU cUeaWLQJ a PRUe VWULcWO\ defLQed KeaOWK\ cRQWURO 

JURXS, Ze fRXQd OaUJeU ERN aPSOLWXdeV LQ WKe VSecLfLc SKRbLa cRPSaUed ZLWK WKe KeaOWK\ cRQWURO 

JURXS. IQ addLWLRQ, ZKeQ cRPSaULQJ SaUWLcLSaQWV ZLWK aQd ZLWKRXW a OLfeWLPe cOLQLcaO dLaJQRVLV Rf 

aQ\ LQWeUQaOL]LQJ dLVRUdeU, UeJaUdOeVV Rf WKeLU PaLQ dLaJQRVLV, aV ZeOO aV ZKeQ cRPSaULQJ WKRVe 

ZLWK RU ZLWKRXW a faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, Ze RbVeUYed OaUJeU aPSOLWXdeV 

fRU bRWK ERN aQd CRN. SXbVeTXeQWO\, Ze cRPbLQed daWa fURP WKLV VWXd\ aQd a SUeYLRXVO\ 

SXbOLVKed VXbcOLQLcaO VWXd\ WR e[aPLQe WKe UROe Rf WUaQVdLaJQRVWLc V\PSWRP dLPeQVLRQV (L.e., 

aQ[LRXV aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO) acURVV a ZLdeU VeYeULW\ VSecWUXP. IQ WKLV MRLQW VaPSOe 

Rf n = 246 SaUWLcLSaQWV, JeQdeU ePeUJed aV a PRdeUaWRU Rf WKe OLQN beWZeeQ aQ[LRXV aSSUeKeQVLRQ 

aQd eQKaQced SeUfRUPaQce PRQLWRULQJ. SSecLfLcaOO\, ZRPeQ ZLWK LQcUeaVLQJ aQ[LRXV 

aSSUeKeQVLRQ e[KLbLWed eOeYaWed ERN aQd CRN aPSOLWXdeV. IQ cRQcOXVLRQ, RXU VWXd\ cKaOOeQJeV 

WKe QRWLRQ Rf a dLVRUdeU-VSecLfLc OLQN WR SeUfRUPaQce PRQLWRULQJ. IQVWead, RXU fLQdLQJV VXJJeVW 

WKaW eQKaQced SeUfRUPaQce PRQLWRULQJ LV aVVRcLaWed ZLWK a KLJKeU SURSeQVLW\ fRU aQ[LRXV 



 3 

aSSUeKeQVLRQ aQd acWV aV a bURad ULVN PaUNeU fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, UefOecWLQJ 

YXOQeUabLOLW\ be\RQd dLaJQRVWLc bRUdeUV ZLWKLQ WKe aQ[LeW\- aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP.  

Ke\Zords: AQ[LeW\, aQ[LRXV aSSUeKeQVLRQ, CRN, EEG, ERN, faPLO\ ULVN 
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1. InWURdXcWiRn 

CRPPLWWLQJ aQ eUURU LV a XbLTXLWRXV KXPaQ e[SeULeQce WKaW LQdLYLdXaOV RfWeQ WU\ WR aYRLd. 

TKLV LV SaUWLcXOaUO\ SOaXVLbOe, JLYeQ WKaW LQ PaQ\ caVeV, eUURUV VLJQaO SRWeQWLaO daQJeU RU eYeQ 

KaUP. NRQeWKeOeVV, KXPaQ OeaUQLQJ LV deeSO\ URRWed LQ WULaO-aQd-eUURU aSSURacKeV, aQd WKeUefRUe, 

WKe cRPPLVVLRQ Rf aQ eUURU caQ be a SRWeQWLaO bLUWKSOace fRU WKe LPSURYePeQW Rf fXWXUe 

SeUfRUPaQce. AV a UeVXOW, cRJQLWLYe, PRWLYaWLRQaO, aQd beKaYLRUaO adMXVWPeQWV baVed RQ SaVW 

eUURUV aOORZ KXPaQV WR cRQVWaQWO\ deYeORS WKeLU UeSeUWRLUe Rf VNLOOV aQd abLOLWLeV (BRWYLQLcN eW aO., 

2001; CaYaQaJK & SKacNPaQ, 2015; SLPRQV, 2010; WeLQbeUJ eW aO., 2012).  

OYeU WKe SaVW WKUee decadeV, QeXURVcLeQWLfLc UeVeaUcK KaV JaLQed deeSeU LQVLJKWV LQWR WKe 

QeXUaO cRUUeOaWe Rf eUURU PRQLWRULQJ LQ WKe KXPaQ eOecWUReQceSKaORJUaP (EEG), WKaW LV WKe eYeQW-

UeOaWed SRWeQWLaO (ERP) caOOed eUURU-UeOaWed QeJaWLYLW\ (ERN; GeKULQJ eW aO., 1993); RU RULJLQaOO\ 

UefeUUed WR aV eUURU QeJaWLYLW\ (NE; FaONeQVWeLQ eW aO., 1991). TKe ERN LV a UeVSRQVe-ORcNed 

fURQWR-ceQWUaO SRWeQWLaO SeaNLQJ aW aURXQd 50 PV afWeU eUURQeRXV UeVSRQVeV aQd LW caQ be 

PeaVXUed RYeU WKe OLfeVSaQ LQ cKLOdUeQ, adROeVceQWV, aQd adXOWV aJed 5 ± 80 \eaUV (DaYLeV eW aO., 

2004a; DaYLeV eW aO., 2004b; NLeXZeQKXLV eW aO., 2002; TRUSe\ eW aO., 2009) ZLWK KLJK LQWeUQaO 

cRQVLVWeQc\ acURVV WaVNV (LaUVRQ eW aO., 2010; OOYeW & HaMcaN, 2009b; RLeVeO eW aO., 2013) aQd 

ZLWK JRRd WeVW-UeWeVW UeOLabLOLW\ RYeU aQ LQWeUYaO Rf WZR WR VL[ ZeeNV (LaUVRQ eW aO., 2010; OOYeW & 

HaMcaN, 2009a; SeJaORZLW] eW aO., 2010) aQd eYeQ XS WR WZR \eaUV (WeLQbeUJ & HaMcaN, 2011). 

AQRWKeU SeUfRUPaQce aVVRcLaWed ERP LV WKe cRUUecW-UeVSRQVe QeJaWLYLW\ (CRN; VLdaO eW aO., 2003; 

VLdaO eW aO., 2000), eOLcLWed ZLWKLQ a VLPLOaU WLPe LQWeUYaO afWeU cRUUecW UeVSRQVeV aV WKe ERN, 

aObeLW ZLWK a UeOaWLYeO\ VPaOOeU aPSOLWXde. TKe LQWeUSOa\ beWZeeQ ERN aQd CRN UePaLQV a 

VXbMecW Rf RQJRLQJ debaWe: OQe aSSURacK SRVLWV WKaW bRWK ERN aQd CRN aUe PaQLfeVWaWLRQV Rf aQ 

LdeQWLcaO cRJQLWLYe SURceVV (FaONeQVWeLQ eW aO., 2000; HRffPaQQ & FaONeQVWeLQ, 2010; VLdaO eW aO., 
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2000), dLffeULQJ VROeO\ LQ WKe PaJQLWXde Rf WKeLU e[SUeVVLRQ. AQ aOWeUQaWLYe SeUVSecWLYe aVVXPeV 

WKe e[LVWeQce Rf WZR dLVWLQcW aQd LQdeSeQdeQW XQdeUO\LQJ SURceVVeV (YRUdaQRYa eW aO., 2004), 

ZKLOe a WKLUd K\SRWKeVLV VXJJeVWV WKaW WKe\ UeSUeVeQW a VKaUed SURceVV, eQcRPSaVVLQJ bRWK a PRUe 

JeQeUaO cRJQLWLYe PecKaQLVP aQd aQ eUURU-VSecLfLc RQe (EQdUaVV eW aO., 2012).  

AV a UeVXOW Rf WKe ORQJ-OaVWLQJ aQd RQJRLQJ UeVeaUcK LQ WKLV fLeOd, aQ e[WeQVLYe bRd\ Rf 

WKeRUeWLcaOO\ aQd ePSLULcaOO\ baVed fUaPeZRUNV KaV eYROYed, aLPLQJ aW deVcULbLQJ WKe fXQcWLRQaO 

UROe Rf WKe ERN ZLWKLQ WKe cRJQLWLYe V\VWeP. EaUO\ aSSURacKeV LQLWLaOO\ cRQceSWXaOL]ed WKe ERN 

aV a VLJQaO PaUNLQJ a PLVPaWcK beWZeeQ WKe UeSUeVeQWaWLRQ Rf WKe UeTXLUed aQd WKe acWXaO 

UeVSRQVe (FaONeQVWeLQ eW aO., 1991; GeKULQJ eW aO., 1993). TKLV ZaV OaWeU VXSeUVeded b\ WKe 

aVVXPSWLRQ WKaW WKe ERN VLJQaOV WKe cRQfOLcW Rf WZR VLPXOWaQeRXVO\ acWLYaWed UeVSRQVe 

WeQdeQcLeV (BRWYLQLcN eW aO., 2001; YeXQJ eW aO., 2004). A WKLUd aSSURacK ePSKaVL]ed WKe 

LPSRUWaQce Rf WKe ERN LQ UeLQfRUcePeQW OeaUQLQJ, VXcK WKaW WKe PRdLfLcaWLRQ Rf fXWXUe 

SeUfRUPaQce UeOLeV RQ WKe VLJQaOLQJ ZKeQeYeU aQ RXWcRPe dLffeUV fURP ZKaW ZaV LQLWLaOO\ 

SUedLcWed (HROUR\d & CROeV, 2002). WKaW aOO WKUee aSSURacKeV KaYe LQ cRPPRQ, LV WKaW WKe\ 

acNQRZOedJe WKe cUXcLaO UROe Rf WKe ERN LQ cRJQLWLYe cRQWURO fXQcWLRQV, WKaW WKe ERN OLNeO\ 

VLJQaOV WKe Qeed fRU adMXVWPeQW LQ RUdeU WR fXOfLOO WKe UeTXLUePeQWV Rf a cKaQJLQJ eQYLURQPeQW, 

aQd WKaW ERN LV WKe VWaUWLQJ SRLQW Rf a SRWeQWLaO caVcade Rf SURceVVeV, XOWLPaWeO\ cXOPLQaWLQJ LQ 

LPSURYed fXWXUe SeUfRUPaQce.  

AddLWLRQaO LQfRUPaWLYe cRQcOXVLRQV fRU WKe fXQcWLRQaO UROe Rf WKe ERN caQ be deULYed 

fURP LWV QeXURbLRORJLcaO XQdeUSLQQLQJV. UWLOL]LQJ VRXUce ORcaOL]aWLRQ LQ bRWK eOecWUR- (e.J., 

DeKaeQe eW aO., 1994) aQd PaJQeWReQceSKaORJUaSKLc VWXdLeV (e.J., MLOWQeU eW aO., 2003), 

LQWUaceUebUaO VLQJOe-XQLW UecRUdLQJV LQ SULPaWeV (e.J., GRdORYe eW aO., 2011) aQd KXPaQV (e.J., 

BUi]dLO eW aO., 2005), fXQcWLRQaO PaJQeWLc UeVRQaQce LPaJLQJ (e.J., RLddeULQNKRf eW aO., 2004), 
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aQd WKe cRPbLQaWLRQ Rf QeXURVcLeQWLfLc PeWKRdV (e.J., DebeQeU eW aO., 2005; GU�W]PaQQ eW aO., 

2016), WKe aQWeULRU cLQJXOaWe cRUWe[ (ACC) KaV beeQ LdeQWLfLed aV RQe Rf WKe PaLQ JeQeUaWRUV Rf 

WKe ERN. TKe ACC cRQVLVWV Rf a KLJK deQVLW\ Rf dRSaPLQeUJLc QeXURQV (LXPPe eW aO., 2007; 

OOYeU eW aO., 2010) aQd LV ZLdeO\ cRQQecWed WR bRWK ³cRJQLWLYe´ SUefURQWaO aQd ³ePRWLRQ 

SURceVVLQJ´ OLPbLc UeJLRQV (BXVK eW aO., 2000; TaQJ eW aO., 2019). AccRUdLQJO\, ACC acWLYaWLRQ LV 

QRW OLPLWed VROeO\ WR eUURU UeVSRQVeV; LW e[WeQdV WR LQVWaQceV Rf feaU (MecKLaV eW aO., 2010) aQd 

SaLQ (BXVKQeOO eW aO., 2013; Pe\URQ eW aO., 2000), dePRQVWUaWLQJ LWV SLYRWaO UeJXOaWRU\ fXQcWLRQ aV 

aQ LQWeJUaWLQJ KXb Rf bRWK cRJQLWLYe aQd ePRWLRQaO SURceVVeV (BXVK eW aO., 2000; CaYaQaJK & 

SKacNPaQ, 2015; SKacNPaQ eW aO., 2011; SKeQKaY eW aO., 2013). BecaXVe Rf LWV cRQQecWLRQV WR 

RWKeU bUaLQ UeJLRQV aV ZeOO aV LWV UeVSRQVLYeQeVV WR UeZaUd aQd SXQLVKPeQW, WKe ACC LV 

cRQVLdeUed a ceQWUaO SOa\eU LQ beKaYLRU UeJXOaWLRQ aQd WKe LPSOePeQWaWLRQ Rf adaSWLYe 

adMXVWPeQWV (WeLQbeUJ, DLeWeULcK, eW aO., 2015).  

TKe LQYROYePeQW Rf WKe ACC, aQd b\ e[WeQVLRQ, WKe ERN, LQ bRWK cRJQLWLYe aQd 

ePRWLRQaO SURceVVeV VKaSeV a SUeYaLOLQJ SeUVSecWLYe RQ WKe ERN QRW RQO\ aV aQ LQde[ Rf aQ 

LQdLYLdXaOV¶ caSacLW\ Rf (L.e., ZRUNLQJ PePRU\/e[ecXWLYe fXQcWLRQV; LaUVRQ & COa\VRQ, 2011; 

MLOOeU eW aO., 2012) aQd PRWLYaWLRQ fRU (L.e., UeZaUd/SXQLVKPeQW; RLeVeO, KaWKPaQQ, eW aO., 2019; 

RLeVeO eW aO., 2012) WaVN eQJaJePeQW, bXW aOVR aV aQ LQdLcaWRU Rf aQ LQdLYLdXaOV¶ WUaLW-OLNe 

VeQVLWLYLW\ WR LQWeUQaO WKUeaWV (L.e., SRRU SeUfRUPaQce; WeLQbeUJ, DLeWeULcK, eW aO., 2015). TKe UROe 

Rf WKe ERN aV aQ LQde[ Rf LQWeUQaO WKUeaW VeQVLWLYLW\ UeQdeUV LW SaUWLcXOaUO\ UeOeYaQW fRU cOLQLcaO 

UeVeaUcK, aV LW caQ SRWeQWLaOO\ UefLQe RXU NQRZOedJe Rf WKe eWLRSaWKRJeQeVLV Rf PeQWaO dLVRUdeUV 

(HaMcaN eW aO., 2019). CRQVeTXeQWO\, eUURU PRQLWRULQJ KaV beeQ LQcOXded b\ WKe ReVeaUcK DRPaLQ 

CULWeULa IQLWLaWLYe (RDRC), ZKLcK RffeUV a fUaPeZRUN WKaW ceQWeUV RQ QeXURbLRORJLcaO 

PecKaQLVPV LQYROYed LQ PeQWaO KeaOWK aQd dLVRUdeUV (CXWKbeUW, 2014; IQVeO eW aO., 2010; KR]aN & 
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CXWKbeUW, 2016). TKe RDRC PaWUL[ OLVWV dLffeUeQW dRPaLQV Rf baVLc cRJQLWLYe, ePRWLRQaO, PRWRULc, 

UeJXOaWRU\, aQd VRcLaO fXQcWLRQV, eacK Rf ZKLcK caQ be LQYeVWLJaWed XVLQJ dLffeUeQW XQLWV Rf 

aQaO\VLV VSaQQLQJ fURP PROecXOaU aQd ceOOXOaU OeYeOV WR QeXUaO cLUcXLWV, SK\VLRORJLcaO UeVSRQVeV, 

beKaYLRUaO RXWcRPeV, VeOf-UeSRUWed PeaVXUeV, aQd e[SeULPeQWaO SaUadLJPV. RefOecWLQJ LWV UROe aV 

aQ LQWeJUaWLYe KXb Rf cRJQLWLRQ aQd ePRWLRQ, WKe ERN LV OLVWed aV a SK\VLRORJLcaO PeaVXUe ZLWKLQ 

WZR dRPaLQV: cRJQLWLYe V\VWePV (cRJQLWLYe cRQWURO: SeUfRUPaQce PRQLWRULQJ) aQd QeJaWLYe 

YaOeQce V\VWePV (VXVWaLQed WKUeaW). LRcaWed aW WKe ceQWUaO SRLQW Rf WKe XQLWV Rf aQaO\VLV VSecWUXP, 

VWUeWcKLQJ fURP ceOOXOaU PecKaQLVPV WR beKaYLRUaO SaUadLJPV, WKe ERN UeSUeVeQWV a 

QeXURbLRORJLcaO VXbVWUaWe WKaW KROdV cRQVLdeUabOe SRWeQWLaO fRU XQYeLOLQJ WKe SaWKZa\V OeadLQJ WR 

SV\cKRSaWKRORJLcaO cRQdLWLRQV. 

IQ facW, aOWeUed eUURU PRQLWRULQJ KaV beeQ SURSRVed aV a WUaQVdLaJQRVWLc eQdRSKeQRW\Se 

aSSOLcabOe WR a UaQJe Rf PeQWaO dLVRUdeUV (MaQRacK & AJaP, 2013; OOYeW & HaMcaN, 2008; 

RLeVeO, KOaZRKQ, eW aO., 2019). AQ eQdRSKeQRW\Se UeSUeVeQWV a TXaQWLfLabOe cRPSRQeQW aLPLQJ WR 

VKed OLJKW RQ WKe cRPSOe[ SURceVVeV WKaW e[WeQd fURP JeQeWLc SUedLVSRVLWLRQ WR WKe SKeQRW\SLcaO 

e[SUeVVLRQ Rf SV\cKRSaWKRORJ\ (GRWWeVPaQ & GRXOd, 2003). IQ RUdeU WR TXaOLf\ aV aQ 

eQdRSKeQRW\Se, a QeXURbLRORJLcaO PaUNeU QeedV WR fXOfLOO ceUWaLQ cULWeULa (GRWWeVPaQ & GRXOd, 

2003). FLUVWO\, LW QeedV WR be aVVRcLaWed ZLWK SV\cKRSaWKRORJ\. PUeYLRXV PeWa-aQaO\WLcaO VWXdLeV 

fRXQd aOWeUed eUURU PRQLWRULQJ WR YaU\ aORQJ WKe OLQeV Rf LQWeUQaOL]LQJ aQd e[WeUQaOL]LQJ PeQWaO 

dLVRUdeUV (LXW] eW aO., 2021; PaVLRQ & BaUbRVa, 2019). EQKaQced ERN aPSOLWXdeV KaYe 

cRQVLVWeQWO\ beeQ LdeQWLfLed LQ aQ[LeW\ dLVRUdeUV (MLcKaeO eW aO., 2021; MRVeU eW aO., 2013; 

SaXQdeUV & IQ]OLcKW, 2020), RbVeVVLYe-cRPSXOVLYe dLVRUdeUV (BeOOaWR eW aO., 2021; MaWKeZV eW aO., 

2012; RLeVeO, 2019), aQd deSUeVVLRQ (MRUaQ eW aO., 2017), aOWKRXJK WKe UeOaWLRQVKLS ZLWK 

deSUeVVLRQ LV UeOaWLYeO\ PRdeUaWe aQd cKaUacWeUL]ed b\ cRQVLdeUabOe beWZeeQ-VWXd\ KeWeURJeQeLW\. 
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CRQYeUVeO\, UedXced ERN aPSOLWXdeV KaYe beeQ RbVeUYed LQ VXbVWaQce XVe dLVRUdeU (FaLUbaLUQ eW 

aO., 2021; WebbeU eW aO., 2024), SV\cKRVLV (MaUWLQ eW aO., 2018), SV\cKRSaWK\ (VaOOeW eW aO., 2021), 

aQd aWWeQWLRQ defLcLW K\SeUacWLYLW\ dLVRUdeU (BeOOaWR eW aO., 2021; GebXUeN eW aO., 2013; bXW Vee 

KaLVeU eW aO., 2020). SecRQdO\, SV\cKRSaWKRORJ\ aQd WKe PaUNeU aUe UeTXLUed WR cR-VeJUeJaWe 

ZLWKLQ faPLOLeV aQd WR e[KLbLW aQ LQcUeaVed SUeYaOeQce aPRQJ XQaffecWed faPLO\ PePbeUV 

cRPSaUed ZLWK WKe JeQeUaO SRSXOaWLRQ. IQYeVWLJaWLRQV LQYROYLQJ LQdLYLdXaOV aW ULVN fRU 

SV\cKRSaWKRORJ\ UeYeaOed cRQfLUPLQJ eYLdeQce WKaW XQaffecWed SaUWLcLSaQWV ZLWK a faPLO\ KLVWRU\ 

Rf aQ aQ[LeW\, RbVeVVLYe-cRPSXOVLYe, VXbVWaQce XVe, RU aWWeQWLRQ defLcLW K\SeUacWLYLW\ dLVRUdeU 

VKRZed a VLPLOaU aOWeUed eUURU PRQLWRULQJ OLNe WKeLU (fLUVW-deJUee) UeOaWLYeV (CaUUaVcR, HaUbLQ, eW 

aO., 2013; EXVeU eW aO., 2013; McLRXJKOLQ eW aO., 2009; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 

2019). TKLUdO\, WKe PaUNeU QeedV WR be LQdeSeQdeQW Rf V\PSWRPaWLc VWaWe, ZKLcK ZaV fRXQd LQ 

LQWeUYeQWLRQ VWXdLeV PeaVXULQJ aQ XQcKaQJed LQcUeaVed ERN, deVSLWe WKe VXcceVVfXO WUeaWPeQW Rf 

aQ[LeW\ (KXMaZa eW aO., 2016; LadRXceXU eW aO., 2018) aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV 

(HaMcaN eW aO., 2008; RLeVeO eW aO., 2015). LaVWO\, WKe PaUNeU QeedV WR be KeULWabOe, ZKLcK ZaV 

cRQfLUPed LQ WUaQVJeQeUaWLRQaO VWXdLeV (AQRNKLQ eW aO., 2008; SXRU eW aO., 2021). IQ VXPPaU\, 

WKeUe LV cRPSeOOLQJ ePSLULcaO eYLdeQce VXSSRUWLQJ WKe QRWLRQ WKaW eQKaQced eUURU PRQLWRULQJ, aV 

PeaVXUed b\ eQKaQced ERN aPSOLWXdeV, UeSUeVeQWV a SURPLVLQJ WUaQVdLaJQRVWLc eQdRSKeQRW\Se 

aSSOLcabOe WR aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe dLVRUdeUV.  

HRZeYeU, eYLdeQce fURP SULPaU\ VWXdLeV RQ eOeYaWed eUURU PRQLWRULQJ ZLWKLQ WKe aQ[LeW\ 

aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP PRVWO\ UeO\ RQ caVe-cRQWURO deVLJQV cRPSaULQJ a cOLQLcaO aQd 

KeaOWK\ cRQWURO JURXS. TR WKe beVW Rf RXU NQRZOedJe, RQO\ feZ VWXdLeV cRPSaUed WZR RU PRUe 

dLVRUdeU caWeJRULeV ZLWK eacK RWKeU aQd/ RU a cRQWURO JURXS (e.J., CaUUaVcR, HRQJ, eW aO., 2013; 

EQdUaVV eW aO., 2014; KXMaZa eW aO., 2016; RLeVeO eW aO., 2017; WeLQbeUJ, KRWRY, eW aO., 2015). 
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ReJaUdLQJ PeWa-aQaO\VeV LQ WKLV UeVeaUcK fLeOd, Ze dR QRW NQRZ Rf aQ\ VWXd\ WKaW XWLOL]ed a 

QeWZRUN aSSURacK aOORZLQJ dLUecW cRPSaULVRQV beWZeeQ dLffeUeQW dLVRUdeU caWeJRULeV. AJaLQ, WR 

WKe beVW Rf RXU NQRZOedJe, aOO Rf WKe cXUUeQW aYaLOabOe PeWa-aQaO\VeV LQWeJUaWed effecW VL]eV fURP 

cOaVVLcaO caVe-cRQWURO VWXdLeV cRPSaULQJ a VLQJOe cOLQLcaO WR a KeaOWK\ cRQWURO JURXS RU 

aVVRcLaWLRQaO VWXdLeV ZLWK cRUUeOaWLRQV beWZeeQ V\PSWRP dLPeQVLRQV aQd ERPV Rf SeUfRUPaQce 

PRQLWRULQJ. FXUWKeUPRUe, KeaOWK\ SaUWLcLSaQWV dR QRW QeceVVaULO\ UeSUeVeQW a QaWXUaOLVWLc cRQWURO 

JURXS ZLWK cKaUacWeULVWLcV Rf WKe JeQeUaO SRSXOaWLRQ, beaULQJ WKe ULVN Rf RYeUeVWLPaWLQJ 

dLffeUeQceV. In summary, the inclusion of various clinical groups and more naturalistic control 

groups is essential to enhance the research design, to bolster the validity of findings, to facilitate 

comparisons, and to contribute to a more comprehensive understanding of the neural correlates 

of performance monitoring in psychopathology. 

IQ addLWLRQ, VWXdLeV e[aPLQLQJ VXbcOLQLcaO V\PSWRP OeYeOV KaYe UeSRUWed OeVV cRQVLVWeQW 

fLQdLQJV UeJaUdLQJ eQKaQced ERN aPSOLWXdeV (COa\VRQ eW aO., 2023; HlUSfeU eW aO., 2020; 

SaXQdeUV & IQ]OLcKW, 2020; SeRZ eW aO., 2020) aQd QRW aOO dLVRUdeU caWeJRULeV ZLWKLQ WKe aQ[LeW\ 

aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP aSSeaU WR be cKaUacWeUL]ed b\ eQKaQced eUURU PRQLWRULQJ 

(MLcKaeO eW aO., 2021). EQKaQced ERN aPSOLWXdeV KaYe beeQ fRXQd LQ JeQeUaOL]ed aQ[LeW\ 

dLVRUdeU (GAD; Me\eU eW aO., 2012; WeLQbeUJ eW aO., 2010), VRcLaO aQ[LeW\ dLVRUdeU (SAD; 

EQdUaVV eW aO., 2014; KXMaZa eW aO., 2016), KeaOWK aQ[LeW\ (RLeVeO eW aO., 2017), aQd RbVeVVLYe-

cRPSXOVLYe dLVRUdeU (OCD; BeOOaWR eW aO., 2021; MaWKeZV eW aO., 2012; RLeVeO, 2019), bXW QRW LQ 

SRVW-WUaXPaWLc VWUeVV dLVRUdeU (PTSD; GRUNa eW aO., 2016; RabLQaN eW aO., 2013) aQd VSecLfLc 

SKRbLa (HaMcaN eW aO., 2003; MRVeU eW aO., 2005). Concerning panic disorder, the available 

literature is limited, with only one study, featuring a relatively small sample size, identifying an 

enhanced ERN in individuals with a primary diagnosis of panic disorder (VaOW eW aO., 2018). 



 10 

FLQaOO\ aQd WR WKe beVW Rf RXU NQRZOedJe, WKeUe LV QR aYaLOabOe OLWeUaWXUe e[SORULQJ SRWeQWLaO 

aOWeUaWLRQV Rf eUURU PRQLWRULQJ LQ aJRUaSKRbLa. 

IQcRQVLVWeQW fLQdLQJV beWZeeQ dLVRUdeU caWeJRULeV Pa\ VWeP fURP YaULaWLRQV LQ OaWeQW 

V\PSWRP dLPeQVLRQ SURfLOeV LQKeUeQW WR aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe dLVRUdeUV (CR[ eW aO., 

2010; KUXeJeU, 1999). SSecLfLcaOO\, WKe SUeVeQce Rf eQKaQced eUURU PRQLWRULQJ aSSeaUV WR be 

cORVeO\ WLed WR WKe dLPeQVLRQ Rf aQ[LRXV aSSUeKeQVLRQ UaWKeU WKaQ aQ[LRXV aURXVaO, a QRWLRQ 

VXSSRUWed b\ SULPaU\ VWXdLeV (HaMcaN eW aO., 2003; LLQ eW aO., 2015; MRUaQ eW aO., 2012; MRVeU eW 

aO., 2005; MRVeU eW aO., 2012; WeLQbeUJ eW aO., 2010; bXW Vee HlUSfeU eW aO., 2020; MacedR eW aO., 

2021) aV ZeOO aV PeWa-aQaO\VeV (MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 2020). AddLWLRQaOO\, 

VRPe Rf WKLV UeVeaUcK VXJJeVWV WKaW WKe OLQN beWZeeQ aQ[LRXV aSSUeKeQVLRQ aQd eQKaQced eUURU 

PRQLWRULQJ LV PRUe dRPLQaQW LQ ZRPeQ (MRVeU eW aO., 2016). TKeVe WUaQVdLaJQRVWLc fLQdLQJV aUe 

UeOeYaQW LQVRfaU aV WKe\ PLJKW be WUaQVOaWed LQWR dLaJQRVWLc caWeJRULeV, ZKeUeb\ dLVRUdeUV 

cKaUacWeUL]ed PRUe SURPLQeQWO\ b\ aQ[LRXV aSSUeKeQVLRQ e[KLbLW VWURQJeU aVVRcLaWLRQV ZLWK ERN 

YaULaWLRQ. FRU LQVWaQce, GAD, SAD, aQd OCD aSSeaU WR be PRUe cORVeO\ OLQNed WR ERN 

eQKaQcePeQWV, LQ cRQWUaVW WR PTSD aQd VSecLfLc SKRbLa. CRQVeTXeQWO\, a dLPeQVLRQaO aQd 

WUaQVdLaJQRVWLc cRQceSWXaOL]aWLRQ Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP Pa\ 

SURYLde a PRUe cRPSUeKeQVLYe XQdeUVWaQdLQJ Rf WKe WUaQVdLaJQRVWLc aQ[LeW\ dLPeQVLRQV (L.e., 

aQ[LRXV aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO), WKaW aUe aVVRcLaWed ZLWK eQKaQced eUURU PRQLWRULQJ, 

ZKLOe bURad dLVRUdeU caWeJRULeV aUe OLNeO\ WR RYeUVKadRZ VSecLfLc aVVRcLaWLRQV.  

IQ WKLV SUeUeJLVWeUed VWXd\ (KWWSV://RVf.LR/N[Y5K), RXU SULPaU\ RbMecWLYe ZaV WR JaLQ a 

PRUe WKRURXJK XQdeUVWaQdLQJ Rf WKe RbVeUYed aVVRcLaWLRQV beWZeeQ ERN aQd dLVRUdeUV Rf WKe 

aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, b\ adRSWLQJ a WUaQVdLaJQRVWLc aQd dLPeQVLRQaO 

aSSURacK LQcOXdLQJ YaULRXV aQ[LeW\ UeOaWed dLVRUdeU caWeJRULeV aQd dLPeQVLRQV. TR WKLV eQd, 

https://osf.io/kxv5h
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SaWLeQWV ZLWK dLVRUdeUV WKaW ZeUe OLNeO\ WR KaYe dLffeUeQW cKaUacWeULVWLcV LQ aQ[LRXV aSSUeKeQVLRQ 

aQd aQ[LRXV aURXVaO ZeUe UecUXLWed. SSecLfLcaOO\, SeUfRUPaQce PRQLWRULQJ aVVRcLaWed ERPV (L.e., 

ERN aQd CRN) Rf n = 156 SaUWLcLSaQWV ZKR ZeUe dLaJQRVed ZLWK RbVeVVLYe-cRPSXOVLYe dLVRUdeU 

(OCD), VRcLaO aQ[LeW\ dLVRUdeU (SAD), RU VSecLfLc SKRbLa (PHOB) aV ZeOO aV cRQWURO SaUWLcLSaQWV 

(CON) ZeUe PeaVXUed ZKLOe SeUfRUPLQJ a fOaQNeU WaVN. IQ a VXbVeTXeQW VWeS, Ze LQWeJUaWed WKe 

daWa fURP WKLV SUedRPLQaQWO\ cOLQLcaO VaPSOe ZLWK daWa fURP a VXbcOLQLcaO VWXd\ (HlUSfeU eW aO., 

2022), UeVXOWLQJ LQ a VaPSOe Rf n = 246 SaUWLcLSaQWV ZLWK a bURad UaQJe acURVV WKe V\PSWRP 

VeYeULW\ VSecWUXP. IQ RXU fLUVW (SUeUeJLVWeUed) UeVeaUcK TXeVWLRQ, Ze aLPed WR e[SORUe WKe 

dLVRUdeU-VSecLfLc OLQNV Rf WKe dLaJQRVWLc JURXSV ZLWK aOWeUaWLRQV LQ WKe ERN: We e[SecWed WKaW 

ERN aPSOLWXdeV Rf WKe OCD aQd SAD JURXS ZRXOd be OaUJeU WKaQ WKRVe Rf WKe PHOB aQd CON 

JURXS. FXUWKeUPRUe, Ze e[SecWed QR dLffeUeQceV beWZeeQ WKe OCD aQd SAD JURXS aV ZeOO aV 

beWZeeQ WKe PHOB aQd CON JURXS. IQ RXU VecRQd (QRQ-SUeUeJLVWeUed) UeVeaUcK TXeVWLRQ, Ze 

ZeUe fXUWKeU LQWeUeVWed LQ WKe UROe Rf cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU aV ZeOO aV faPLO\ 

ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ RQ WKe ERN: We aQWLcLSaWed WKaW bRWK cOLQLcaO VWaWXV aQd 

faPLO\ ULVN ZRXOd be aVVRcLaWed ZLWK OaUJeU ERN aPSOLWXdeV. TKe WKLUd (SUeUeJLVWeUed) UeVeaUcK 

TXeVWLRQ aLPed aW LQYeVWLJaWLQJ WKe dLPeQVLRQaO UeOaWLRQVKLSV beWZeeQ aQ[LeW\ dLPeQVLRQV aQd 

eQKaQced ERN aPSOLWXdeV: We SUedLcWed aQ[LRXV aSSUeKeQVLRQ, bXW QRW aQ[LRXV aURXVaO, ZRXOd 

be OLQNed WR KeLJKWeQed ERN aPSOLWXdeV, ZLWK WKLV aVVRcLaWLRQ beLQJ VWURQJeU fRU cOLQLcaO 

SaUWLcLSaQWV. TKe OaVW (QRQ-SUeUeJLVWeUed) UeVeaUcK TXeVWLRQ fRcXVed RQ WKe PRdeUaWLQJ UROe Rf 

JeQdeU LQ WKe UeOaWLRQVKLS beWZeeQ aQ[LRXV aSSUeKeQVLRQ aQd ERN eQKaQcePeQW: We 

K\SRWKeVL]ed WKaW WKLV OLQN ZRXOd be PRUe SURQRXQced fRU ZRPeQ cRPSaUed ZLWK PeQ. TR WeVW 

WKe VSecLfLcLW\ Rf WKe effecWV RQ WKe ERN, Ze LQYeVWLJaWed WKe CRN LQ WKe VaPe PaQQeU aV WKe 

ERN fRU aOO UeVeaUcK TXeVWLRQV. HRZeYeU, WKeVe CRN aQaO\VeV ZeUe fXOO\ e[SORUaWRU\, JLYeQ WKe 
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OLPLWed e[LVWLQJ eYLdeQce UeJaUdLQJ WKe UeOaWLRQVKLS beWZeeQ aQ[LeW\ aQd WKe CRN (MLcKaeO eW 

aO., 2021). 

2. MeWhRd 

2.1 PaUWiciSanWV 

UVLQJ G*PRZeU, YeUVLRQ 3.1.9.7 (FaXO eW aO., 2009; FaXO eW aO., 2007), aQ a SULRUL VaPSOe 

VL]e caOcXOaWLRQ ZaV cRQdXcWed. BaVed RQ WKe UeVXOWV Rf SUeYLRXV PeWa-aQaO\VeV (MRVeU eW aO., 

2013; RLeVeO, 2019; SaXQdeUV & IQ]OLcKW, 2020), Ze aVVXPed PedLXP-VL]ed effecWV LQ RXU PL[ed 

ANOVA. A ZLWKLQ-beWZeeQ LQWeUacWLRQ Rf UeVSRQVe W\Se (cRUUecW, LQcRUUecW) u group (OCD, SAD, 

PHOB, CON) Rf PedLXP VL]e (CRKeQ¶V f > 0.28), LQdLcaWLQJ a JURXS effecW RQ WKe ERN bXW QRW 

WKe CRN, caQ be deWecWed ZLWK a VaPSOe VL]e Rf n = 36 SeU JURXS, a SRZeU Rf 80 %, aQd aQ aOSKa 

Rf 0.05 (CRKeQ, 1992). SSecLfLcaWLRQV Rf WKe VaPSOe VL]e caOcXOaWLRQ caQ be fRXQd LQ WKe 

VXSSOePeQWaU\ PaWeULaOV (FLJXUe S1). TKeUefRUe, Ze UecUXLWed 160 SaUWLcLSaQWV LQcOXdLQJ 

LQdLYLdXaOV ZLWK OCD, SAD, PHOB aQd cRQWURO SaUWLcLSaQWV (n = 40 SeU JURXS) WR eQVXUe a 

VXffLcLeQW SRZeU ZKLOe e[SecWLQJ a dURSRXW UaWe Rf 10% dXe WR WKe e[cOXVLRQ cULWeULa.  

OXU fLQaO VaPSOe cRQVLVWed Rf n = 156 ULJKW-KaQded SaUWLcLSaQWV (n = 115 LdeQWLfLed aV 

fePaOe) aJed 18 WR 63 \eaUV (M = 28.51, SD = 8.07). TKe OCD, SAD, PHOB, aQd CON JURXS 

cRQVLVWed Rf eacK n = 39 SaUWLcLSaQWV ZLWK a cRUUeVSRQdLQJ PaLQ dLaJQRVLV. ReJaUdLQJ WKe cOLQLcaO 

VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU aQd WKe faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, WKeUe 

ZeUe cOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN (n = 88) aQd ZLWKRXW faPLO\ ULVN (n = 34), aV ZeOO aV 

QRQcOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN (n = 15) aQd ZLWKRXW faPLO\ ULVN (n = 19) LQ RXU VaPSOe. 

TKe JURXS ZLWK a cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU eQcRPSaVVed aOO SaUWLcLSaQWV fURP 

WKe OCD, SAD, aQd PHOB JURXSV aV ZeOO aV fLYe SaUWLcLSaQWV fURP WKe cRQWURO JURXS dLaJQRVed 

ZLWK deSUeVVLRQ, VOeeSLQJ dLVRUdeU, PTSD, aQd/RU VNLQ SLcNLQJ. TKe JURXS ZLWK a faPLO\ ULVN fRU 
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LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ eQcRPSaVVed SaUWLcLSaQWV ZLWK a fLUVW-deJUee UeOaWLYe VXffeULQJ 

fURP aW OeaVW RQe dLVRUdeU Rf WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, deSUeVVLRQ, VNLQ 

SLcNLQJ, WULcKRWLOORPaQLa, WLcV, aQd/RU bRd\ d\VPRUSKLa. 

PaUWLcLSaQWV ZeUe UecUXLWed YLa WKe RXWSaWLeQW XQLW Rf WKe UQLYeUVLW\ Rf HaPbXUJ, VWXdeQW 

UecUXLWLQJ V\VWePV Rf WKe XQLYeUVLW\, caPSXV fO\eUV aQd SRVWeUV, aV ZeOO aV adYeUWLVePeQWV SOaced 

LQ ORcaO PedLcaO aQd cRXQVeOOLQJ ceQWeUV, RQOLQe SeeU VXSSRUW fRUXPV, VRcLaO PedLa aQd SaUW-WLPe 

MRbV SOaWfRUPV (FacebRRN). PaUWLcLSaQWV ZeUe VcUeeQed fRU eOLJLbLOLW\ aQd Kad WR fXOfLO fROORZLQJ 

cULWeULa: aJe beWZeeQ 18 aQd 65 \eaUV, aW OeaVW fOXeQW GeUPaQ OaQJXaJe VNLOOV, QRUPaO RU 

cRUUecWed-WR-QRUPaO YLVLRQ, aQd WKe abLOLW\ WR SURYLde ZULWWeQ LQfRUPed cRQVeQW. E[cOXVLRQ 

cULWeULa fRU aOO VXbMecWV LQcOXded a KLVWRU\ Rf aQ\ QeXURORJLcaO dLVRUdeU, VXbVWaQce-UeOaWed 

dLVRUdeUV (cXUUeQW RU OLfeWLPe), VcKL]RSKUeQLa VSecWUXP dLVRUdeU (cXUUeQW RU OLfeWLPe), PaQLc 

eSLVRde LQ WKe cRQWe[W Rf a bLSROaU dLVRUdeU (cXUUeQW), XVe Rf beQ]RdLa]eSLQeV dXULQJ WKe OaVW 

ZeeN, aQd QeXUROeSWLc PedLcaWLRQ dXULQJ WKe OaVW WKUee PRQWKV. FXUWKeU e[cOXVLRQ cULWeULa fRU WKe 

cRQWURO JURXS LQcOXded a cXUUeQW RU OLfeWLPe RbVeVVLYe-cRPSXOVLYe dLVRUdeU, VRcLaO aQ[LeW\ 

dLVRUdeU, RU VSecLfLc SKRbLa. A deWaLOed decRPSRVLWLRQ Rf eacK JURXS¶V cOLQLcaO dLaJQRVeV LV OLVWed 

LQ WKe VXSSOePeQW (TabOe S1). AOO SaUWLcLSaQWV UeceLYed eLWKeU cRXUVe cUedLW RU PRQeWaU\ 

cRPSeQVaWLRQ fRU WKeLU VWXd\ SaUWLcLSaWLRQ.  

PULRU WR daWa aQaO\VLV, WZR SaUWLcLSaQWV fURP WKe cRQWURO JURXS ZeUe e[cOXded aQd 

UeSOaced becaXVe WKe\ ZeUe PLVWaNeQO\ LQcOXded LQ WKe VWXd\ eYeQ WKRXJK WKe\ fXOfLOOed WKe 

cULWeULa Rf a OLfeWLPe dLaJQRVLV OCD, SAD, RU a VSecLfLc SKRbLa. OQe cRQWURO SaUWLcLSaQW¶V VWXd\ 

SaUWLcLSaWLRQ ZaV caQceOed becaXVe Rf aQ XQZLOOLQJQeVV WR fROORZ e[SeULPeQWaO LQVWUXcWLRQV aQd 

ZaV WKeUefRUe e[cOXded aQd UeSOaced. AQRWKeU cRQWURO SaUWLcLSaQW ZaV e[cOXded dXe WR a ORZ 

accXUac\ LQ WKe fOaQNeU WaVN (L.e., < 50%), OLNeO\ LQdLcaWLQJ WKaW WKLV SeUVRQ dLd QRW fROORZ WKe WaVN 
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LQVWUXcWLRQ. AQd aQRWKeU WKUee SaUWLcLSaQWV, eacK RQe Rf WKe cOLQLcaO JURXSV, ZeUe e[cOXded dXe WR 

ORZ EEG TXaOLW\ (L.e., > 25% aUWLfacWV). AW WKe WLPe Rf SaUWLcLSaWLRQ, n = 47 SaUWLcLSaQWV ZeUe 

cXUUeQWO\ PedLcaWed ZLWK aW OeaVW RQe dUXJ LQcOXdLQJ aQWLdeSUeVVaQWV (n = 15), RUaO cRQWUaceSWLYeV 

(n = 9), WK\URLd KRUPRQeV (n = 9), deUPaWRORJLcaO dUXJV (n = 2), aQd RWKeU dUXJV Rf ZKLcK QRQe 

ZaV UeSRUWed PRUe RfWeQ WKaQ b\ RQe SaUWLcLSaQW (n = 12).  

2.2 PURcedXUe 

PULRU WR WKe OabRUaWRU\ aVVeVVPeQW, SaUWLcLSaQWV ZeUe VcUeeQed fRU eOLJLbLOLW\ XVLQJ WKe 

LQcOXVLRQ aQd e[cOXVLRQ cULWeULa VSecLfLed eaUOLeU. TKe\ UeceLYed YeUbaO aQd ZULWWeQ LQfRUPaWLRQ Rf 

WKe RbMecWLYeV aQd PeWKRdV Rf WKe VWXd\ aQd JaYe ZULWWeQ LQfRUPed cRQVeQW. PV\cKRSaWKRORJLcaO 

V\PSWRPV, VeYeULW\, aQd cOLQLcaO dLaJQRVeV ZeUe aVVeVVed b\ UeVSecWLYe TXeVWLRQQaLUeV aQd 

VWUXcWXUed LQWeUYLeZV b\ WUaLQed SeUVRQQeO. AfWeU SUeSaULQJ WKe EEG, SaUWLcLSaQWV SeUfRUPed a VeW 

Rf WaVNV, LQcOXdLQJ WKe fOaQNeU WaVN, ZKLcK ZaV RQO\ SUeceded b\ aQ eLJKW-PLQXWe UeVWLQJ VWaWe. 

TKe VWXd\ SURcedXUe ZaV aSSURYed b\ WKe ORcaO eWKLcV cRPPLWWee aQd ZaV SOaQQed aV ZeOO aV 

cRQdXcWed LQ accRUdaQce ZLWK WKe DecOaUaWLRQ Rf HeOVLQNL (WRUOd MedLcaO AVVRcLaWLRQ, 2013). 

2.3 MeaVXUeV 

COLQLcaO dLaJQRVeV ZeUe aVVeVVed XVLQJ WKe SWUXcWXUed COLQLcaO IQWeUYLeZ fRU DSM-5 

DLVRUdeUV ± COLQLcaO VeUVLRQ (SCID-5-CV; BeeVdR-BaXP eW aO., 2019; FLUVW eW aO., 2016). FaPLO\ 

ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ ZaV deULYed YLa WKe FaPLO\ HLVWRU\ ScUeeQ (WeLVVPaQ eW 

aO., 2000). ObVeVVLYe-cRPSXOVLYe V\PSWRP VeYeULW\ Rf OCD SaWLeQWV ZaV deWeUPLQed XVLQJ WKe 

YaOe-BURZQ ObVeVVLYe CRPSXOVLYe ScaOe (Y-BOCS; GRRdPaQ eW aO., 1989; HaQd & B�WWQeU-

WeVWSKaO, 1991). FROORZLQJ WKeVe LQWeUYLeZV, RYeUaOO VeYeULW\ Rf LOOQeVV ZaV UaWed baVed RQ WKe 

COLQLcaO GORbaO IPSUeVVLRQ ScaOe (CGI-S; GX\, 1976) aQd JORbaO fXQcWLRQLQJ ZaV VcRUed RQ WKe 

JORbaO aVVeVVPeQW Rf fXQcWLRQLQJ (GAF; APeULcaQ PV\cKLaWULc AVVRcLaWLRQ, 2000).  
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IQ addLWLRQ, a baWWeU\ Rf TXeVWLRQQaLUeV ZeUe adPLQLVWeUed: ObVeVVLYe-cRPSXOVLYe 

V\PSWRPV ZeUe PeaVXUed b\ WKe ObVeVVLYe-CRPSXOVLYe IQYeQWRU\ ReYLVed (OCI-R; 20 LWePV, 5-

SRLQW LLNeUW VcaOe 0-4; D = .91; FRa eW aO., 2002; G|QQeU eW aO., 2007), VRcLaO SKRbLa V\PSWRPV b\ 

WKe VeOf-UeSRUW YeUVLRQ Rf WKe LLebRZLW] SRcLaO AQ[LeW\ ScaOe (LSAS-SR; 24 LWePV, 4-SRLQW LLNeUW 

VcaOe 0-3; D = .98; LLebRZLW], 1987; SWaQJLeU & HeLdeQUeLcK, 2003), VSecLfLc SKRbLa V\PSWRPV 

b\ WKe SeYeULW\ MeaVXUe fRU SSecLfLc PKRbLa (SMSP; 10 LWePV, 5-SRLQW LLNeUW VcaOe 0-4; D = .85; 

CUaVNe eW aO., 2013), aQ[LRXV aSSUeKeQVLRQ b\ WKe PeQQ SWaWe WRUU\ QXeVWLRQQaLUe (PSWQ; 16 

LWePV, 5-SRLQW LLNeUW VcaOe 1-5; D = .94; GO|cNQeU-RLVW & RLVW, 2014; Me\eU eW aO., 1990), aQ[LRXV 

aURXVaO b\ WKe UeVSecWLYe VXbVcaOe Rf WKe MRRd aQd AQ[LeW\ S\PSWRP QXeVWLRQQaLUe (MASQ-

AA; 17 LWePV, 5-SRLQW LLNeUW VcaOe 1-5; D = .89; WaWVRQ & COaUN, 1991; WaWVRQ eW aO., 1995), 

VWaWe aQd WUaLW aQ[LeW\ b\ WKe UeVSecWLYe VXbVcaOeV Rf WKe SWaWe-TUaLW-AQ[LeW\ IQYeQWRU\ (STAI-S 

aQd STAI-T; eacK 20 LWePV, 4-SRLQW LLNeUW VcaOe 1-4; D = .95 aQd D = .95; LaX[ eW aO., 1981; 

SSLeObeUJeU eW aO., 1970), deSUeVVLRQ V\PSWRPV b\ WKe BecN DeSUeVVLRQ IQYeQWRU\ (BDI-II; 21 

LWePV, 4-SRLQW LLNeUW VcaOe 0-3; D = .95; BecN eW aO., 1996; HaXW]LQJeU eW aO., 2006), aOcRKRO 

cRQVXPSWLRQ b\ WKe AOcRKRO UVe DLVRUdeUV IdeQWLfLcaWLRQ TeVW (AUDIT; 10 LWePV, 5-SRLQW LLNeUW 

VcaOe 0-4; D = .70; BabRU eW aO., 2001), aQd KaQdedQeVV b\ WKe PRdLfLed EdLQbXUJK HaQdedQeVV 

IQYeQWRU\ (EHI; 10 LWePV, 5-SRLQW LLNeUW VcaOe -10 WR +10; D = .92; LRffLQJ eW aO., 2014; OOdfLeOd, 

1971). AddLWLRQaO TXeVWLRQQaLUeV ZeUe adPLQLVWeUed fRU WKe SXUSRVe Rf LQYeVWLJaWLQJ RWKeU 

UeVeaUcK TXeVWLRQV (KWWSV://RVf.LR/]UP2M) aQd UeVXOWV ZLOO be UeSRUWed eOVeZKeUe. 

2.4 FlankeU TaVk 

PaUWLcLSaQWV SeUfRUPed a VSeeded aUURZKead YeUVLRQ Rf WKe fOaQNeU WaVN (EULNVeQ & 

EULNVeQ, 1974) ZKLOe WKe\ ZeUe VLWWLQJ LQ a dLPO\ OLW, eOecWULcaOO\ VKLeOded cabLQ aSSUR[. 24 LQcKeV 

LQ fURQW Rf a 19-LQcK LCD PRQLWRU ZLWK a UeVROXWLRQ 1920 u 1080 pixels and a refresh rate of 120 

https://osf.io/zrm2j
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H]. TKe WaVN ZaV LdeQWLcaO ZLWK WKe RQe Ze SUeYLRXVO\ XVed LQ aQRWKeU VWXd\ (HlUSfeU eW aO., 

2022) aQd cRQVLVWed Rf a VeW Rf fLYe KRUL]RQWaOO\ aOLJQed aUURZV (RQe WaUJeW, fRXU fOaQNeUV) 

dLVSOa\ed b\ PUeVeQWaWLRQ SRfWZaUe (NeXURbeKaYLRUaO S\VWePV, IQc., AObaQ\, CaOLfRUQLa). TKe VeW 

Rf aUURZV ZaV aSSUR[. 6.2� LQ ZLdWK aQd aSSUR[. 1.0� LQ KeLJKW ZLWK aQ eTXaO QXPbeU Rf WULaOV 

SRLQWLQJ SVeXdR UaQdRPO\ eLWKeU LQWR VaPe (<<<<< RU >>>>>) RU RSSRVLWe dLUecWLRQV (<<><< RU 

>><>>). PaUWLcLSaQWV ZeUe LQVWUXcWed WR LQdLcaWe WKe dLUecWLRQ Rf WKe ceQWeU aUURZ b\ SUeVVLQJ a 

Ne\ ZLWK WKeLU UeVSecWLYe OefW RU ULJKW LQde[ fLQJeU aV TXLcNO\ aQd accXUaWeO\ aV SRVVLbOe, ZKLcK 

ZaV SUacWLced LQ 20 WULaOV aW WKe beJLQQLQJ Rf WKe WaVN. EacK WULaO VWaUWed ZLWK a fL[aWLRQ (200±

1200 PV), fROORZed b\ WKe SUeVeQWaWLRQ Rf aUURZ VWLPXOL (100 PV), aQd a UeVSRQVe ZLQdRZ (Pa[. 

800 PV). TKe WaVN cRQVLVWed Rf fLYe bORcNV ZLWK eacK 80 WULaOV eTXaOLQJ 400 WULaOV LQ WRWaO aQd 

SaUWLcLSaQWV UeceLYed a SeUfRUPaQce feedbacN afWeU eacK bORcN aVNLQJ WKeP WR UeVSRQd faVWeU, 

LUUeVSecWLYe Rf WKeLU acWXaO UeVSRQVe WLPeV. TKe VSeed SeUfRUPaQce feedbacN ZaV LPSOePeQWed WR 

SURPRWe a VXffLcLeQW aPRXQW Rf eUURU WULaOV, WR UedXce WKe OeQJWK Rf WKe WaVN WR a UeaVRQabOe e[WeQW, 

aQd WR LQcUeaVe dLVcULPLQaWLRQ beWZeeQ JURXSV VLQce JURXS dLffeUeQceV Rf WKe ERN beWZeeQ OCD 

SaWLeQWV aQd KeaOWK\ cRQWURO SaUWLcLSaQWV ZeUe fRXQd WR be SURQRXQced XQdeU VSeed cRQdLWLRQV 

(RLeVeO, KaWKPaQQ, eW aO., 2019).   

AccXUac\ ZaV defLQed aV WKe SeUceQWaJe Rf cRUUecW UeVSRQVeV Rf WKe UeVSRQVe WULaOV, 

UeVSRQVe WLPeV aV WKe WLPe dLffeUeQce beWZeeQ WKe RQVeW Rf aUURZV aQd WKe UeVSecWLYe cRUUecW RU 

LQcRUUecW UeVSRQVe, aQd WKe SRVW-eUURU VORZLQJ (PES) ZaV TXaQWLfLed XVLQJ WKe URbXVW 

PeaVXUePeQW PeWKRd (L.e., WKe aYeUaJe UeVSRQVe WLPe dLffeUeQce beWZeeQ WKe OaVW cRUUecW WULaO 

befRUe aQ eUURU aQd WKe fLUVW cRUUecW WULaO afWeU aQ eUURU; DXWLOK eW aO., 2012). 
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2.5 ElecWURSh\ViRlRgical RecRUding and PURceVVing 

CRQWLQXRXV EEG daWa ZeUe UecRUded b\ 61 eTXLdLVWaQW aQd cRQceQWULc SaVVLYe AJ/AJCO-

eOecWURdeV (EaV\caS, HeUUVcKLQJ, GeUPaQ\) aQd WZR 32-cKaQQeO BUaLQAPS aPSOLfLeUV (BUaLQ 

PURdXcWV GPbH, GLOcKLQJ, GeUPaQ\). TKe UecRUdLQJ VeWXS eQcRPSaVVed a baQd-SaVV fLOWeU Rf 

0.01 WR 250 H], a VaPSOLQJ UaWe Rf 1000H], a UecRUdLQJ UefeUeQce ORcaWed beWZeeQ AF3 aQd F], a 

JURXQd eOecWURde ORcaWed beWZeeQ AF4 aQd F], aQd aQ e[WeUQaO eOecWURde SOaced aW WKe OefW 

LQfUaRUbLWaO VLWe. DXULQJ SUeSaUaWLRQ Rf WKe eOecWURdeV aV ZeOO aV WKURXJKRXW WKe VWXd\, LPSedaQceV 

ZeUe UedXced beORZ a WKUeVKROd Rf 5 N:.  

AfWeU WKe UecRUdLQJ Rf WKe EEG daWa, WKe\ ZeUe SURceVVed XVLQJ BUaLQ VLVLRQ AQaO\]eU 

(BUaLQ PURdXcWV GPbH, GLOcKLQJ, GeUPaQ\). IQ a fLUVW VWeS, Ze adPLQLVWeUed a baQd-SaVV fLOWeU 

ZLWK a ORZ cXW-Rff Rf 0.1 H] aQd a KLJK cXW-Rff Rf 30 H] (24 dB/RcW UROO-Rff) aV ZeOO aV a QRWcK 

fLOWeU Rf 50 H]. IQ a VecRQd VWeS, RcXOaU aUWLfacWV ZeUe cRUUecWed b\ a VePL-aXWRPaWLc LQdeSeQdeQW 

cRPSRQeQW aQaO\VLV (ICA; JXQJ eW aO., 2000). TKLV SURcedXUe LQYROYed WKe aXWRPaWLc 

LdeQWLfLcaWLRQ Rf VWaWLVWLcaOO\ LQdeSeQdeQW cRPSRQeQWV Rf WKe EEG VLJQaO, WKe YLVXaO LQVSecWLRQ Rf 

eacK cRPSRQeQW¶V VcaOS WRSRJUaSK\ aQd cRPSRQeQW acWLYaWLRQ, baVed RQ ZKLcK Ze TXaOLfLed 

WKRVe cRPSRQeQWV UeSUeVeQWLQJ RcXOaU aUWLfacWV, aQd WKe fLQaO LQVSecWLRQ Rf WKe cRUUecWed EEG 

VLJQaO. SXbVeTXeQW WR WKe RcXOaU cRUUecWLRQ, cRQWLQXRXV daWa Rf eacK eOecWURde ZeUe Ue-UefeUeQced 

WR WKe cRPPRQ aYeUaJe UefeUeQce Rf aOO VcaOS eOecWURdeV, ZKLcK ZaV fROORZed b\ WKe 

VeJPeQWaWLRQ Rf UeVSRQVe-ORcNed eSRcKV (-500 PV WR 800 PV) aQd WKe aUWLfacW UeMecWLRQ. SeJPeQWV 

cRQWaLQLQJ aQ abVROXWe YROWaJe UaQJe e[ceedLQJ 200 PV, voltage step exceeding 50 PV between 

cRQVecXWLYe daWa SRLQWV, RU Pa[LPXP YROWaJe dLffeUeQce Rf OeVV WKaQ 0.5 PV within 100 PV 

LQWeUYaOV ZeUe UePRYed befRUe aYeUaJLQJ eacK SaUWLcLSaQW¶V cRUUecW aQd LQcRUUecW UeVSRQVe 

VeJPeQWV VeSaUaWeO\. OQ aYeUaJe, daWa ORVV dXe WR WKe aUWLfacW UeMecWLRQ ZaV VPaOO (M = 0.87 %, 
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SD = 1.82 %, Ma[. = 11.90 %) LQ WKe fLQaOO\ aQaO\]ed VaPSOe. HRZeYeU, fRU n = 3 SaUWLcLSaQWV 

daWa ORVV ZaV PRUe WKaQ 25% aQd WKe\ ZeUe WKeUefRUe e[cOXded fURP daWa aQaO\VLV eQVXULQJ KLJK 

daWa TXaOLW\ aV LV UecRPPeQded (LXcN, 2014). AOO SaUWLcLSaQWV fXOfLOOed WKe cULWeULRQ Rf aW OeaVW VL[ 

eUURQeRXV WULaOV WR deWeUPLQe a UeOLabOe ERN (OOYeW & HaMcaN, 2009b).  

IQ accRUdaQce ZLWK UeceQW JXLdeOLQeV fRU WKe TXaQWLfLcaWLRQ Rf WKe ERN aQd CRN LQ 

aQ[LeW\ UeVeaUcK (KOaZRKQ eW aO., 2020), Ze cRUUecWed VeJPeQWV fRU WKe baVeOLQe LQWeUYaO Rf -500 

PV WR -300 PV aQd VcRUed bRWK ERPV aV PeaQ aPSOLWXdeV beWZeeQ 0 aQd 100 PV SRVW UeVSRQVe aW 

eOecWURde FC], ZKeUe WKe VLJQaO ZaV Pa[LPaO afWeU LQVSecWLQJ WKe JUaQd-aYeUaJed ZaYefRUPV aQd 

WRSRJUaSKLcaO dLVWULbXWLRQV. SSeaUPaQ-BURZQ cRUUecWed cRUUeOaWLRQV Rf Rdd- aQd eYeQ-QXPbeUed 

WULaOV LQdLcaWe JRRd SV\cKRPeWULc SURSeUWLeV fRU bRWK WKe ERN (r = .94) aQd CRN (r = .98).  

HRZeYeU, LQ RUdeU WR eYaOXaWe WKe LPSacW Rf dLffeUeQW EEG SUeSURceVVLQJ decLVLRQV RQ WKe VWXd\ 

UeVXOWV (KOaZRKQ eW aO., 2020; SaQdUe eW aO., 2020; ZKaQJ eW aO., 2023), Ze aOVR UefeU WR WKe 

PXOWLYeUVe aQaO\VeV Rf RWKeU cRPPRQO\ XVed baVeOLQe cRUUecWLRQV aQd VcRULQJ VWUaWeJLeV LQ WKe 

VXSSOePeQWaU\ PaWeULaOV LQ deWaLO aQd UeSRUW WKe cRQVLVWeQc\ acURVV dLffeUeQW aOWeUQaWLYe aQaO\VLV 

SaWKV LQcOXdLQJ WKe aYeUaJed effecW VL]e, aV ZeOO aV VWaQdaUd deYaWLRQ aQd p-UaQJe Rf WKeVe effecW 

VL]eV.  

2.6 DaWa Anal\ViV 

DaWa aQaO\VLV ZaV cRQdXcWed XVLQJ IBM SPSS SWaWLVWLcV, YeUVLRQ 29.0 (SPSS, IQc., 

CKLcaJR) ZLWK a VLJQLfLcaQce OeYeO Rf D = .05. DePRJUaSKLc aQd cOLQLcaO daWa LQcOXdLQJ JeQdeU, 

aJe, edXcaWLRQ, aV ZeOO aV WKe afRUePeQWLRQed TXeVWLRQQaLUeV ZeUe XVed WR deVcULbe RXU VaPSOe. 

DLffeUeQceV LQ JeQdeU beWZeeQ JURXSV ZaV WeVWed XVLQJ a F2-WeVW. DLffeUeQceV LQ dePRJUaSKLc 

(aJe, edXcaWLRQ), cOLQLcaO (TXeVWLRQQaLUeV), aQd beKaYLRUaO daWa (accXUac\, PES) beWZeeQ WKe fRXU 

dLaJQRVWLc JURXSV ZeUe WeVWed b\ RQe-Za\ aQaO\VeV Rf YaULaQce (ANOVAV) ZLWK JURXS (OCD, 



 19 

SAD, PHOB, CON) aV beWZeeQ-VXbMecW facWRU. H\SRWKeVeV RQ ERPV (ERN aQd CRN) aQd 

beKaYLRUaO daWa (UeVSRQVe WLPeV fRU cRUUecW aQd LQcRUUecW UeVSRQVe) ZeUe aQaO\]ed XVLQJ VeSaUaWe 

2 î 4 PL[ed-PeaVXUeV ANOVAV ZLWK UeVSRQVe W\Se (cRUUecW, LQcRUUecW) aV ZLWKLQ-VXbMecW facWRU 

aQd JURXS (OCD, SAD, PHOB, CON) aV beWZeeQ-VXbMecW facWRU. SLPLOaU aQaO\VeV ZeUe 

cRQdXcWed fRU WKe LQfOXeQce Rf cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU aQd faPLO\ ULVN fRU 

LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, ZKeUeb\ WKe beWZeeQ-VXbMecW facWRU JURXS ZaV UeSOaced b\ 

cOLQLcaO VWaWXV (QRQcOLQLcaO, cOLQLcaO) aQd faPLO\ ULVN (QR ULVN, ULVN). WKeQeYeU SUecedLQJ 

beKaYLRUaO aQaO\VeV UeYeaOed VLJQLfLcaQW dLffeUeQceV, WKe ERP aQaO\VeV ZeUe cRQWUROOed fRU WKe 

UeVSecWLYe YaULabOeV. TKeUefRUe, Ze VOLJKWO\ deYLaWed fURP RXU SUeUeJLVWUaWLRQ b\ cRQdXcWLQJ 

aQaO\VeV-Rf-cRYaULaQce (ANCOVAV). FROORZ-XS aQaO\VeV ZeUe cRQdXcWed ZKeQ UeVXOWV UeYeaOed 

VLJQLfLcaQW LQWeUacWLRQV. AOO p-YaOXeV ZeUe SLdaN-cRUUecWed fRU SRVW-KRc cRPSaULVRQV ZLWK PRUe 

WKaQ WZR facWRU OeYeOV.  

IQ RUdeU WR LQYeVWLJaWe WKe SRWeQWLaO UROe Rf cOLQLcaO VWaWXV aQd WKe WUaQVdLaJQRVWLc aQ[LeW\ 

dLPeQVLRQV, WKe VaPSOe Rf WKe cXUUeQW VWXd\ ZaV cRPbLQed ZLWK aQRWKeU, VXbcOLQLcaO VaPSOe 

(HlUSfeU eW aO., 2022) WKaW XVed LdeQWLcaO WaVN aQd RXWcRPe VSecLfLcaWLRQV. UVLQJ PXOWLSOe OLQeaU 

UeJUeVVLRQ PRdeOV (VeSaUaWe fRU ERN aQd CRN), PRdeOV LQcOXded WKe SUedLcWRUV JeQdeU, aJe, 

cOLQLcaO VWaWXV, PSWQ, aQd MASQ-AA aV ZeOO aV WKe LQWeUacWLRQ WeUPV cOLQLcaO VWaWXV î PSWQ, 

cOLQLcaO VWaWXV î MASQ-AA, PSWQ î MASQ-AA, aQd cOLQLcaO VWaWXV î PSWQ î MASQ-AA. 

We cRQWUROOed fRU WKe SRWeQWLaO effecWV Rf JeQdeU (FLVcKeU eW aO., 2016; HlUSfeU eW aO., 2020; 

LaUVRQ eW aO., 2011) aQd aJe (FaONeQVWeLQ eW aO., 2001; MaWKeZVRQ eW aO., 2005; TKePaQVRQ eW aO., 

2006) VLQce SUeYLRXV VKRZed LQWeULQdLYLdXaO dLffeUeQceV Rf WKeVe dePRJUaSKLc YaULabOeV. LaVWO\ 

Ze ZeUe LQWeUeVWed LQ WKe PRdeUaWLQJ UROe Rf JeQdeU RQ WKe ERN-PSWQ OLQN. TKeUefRUe, Ze 

SeUfRUPed PXOWLSOe OLQeaU UeJUeVVLRQ PRdeOV (VeSaUaWe fRU ERN aQd CRN) ZLWK WKe SUedLcWRUV 
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JeQdeU, aJe, cOLQLcaO VWaWXV, PSWQ, JeQdeU î cOLQLcaO, aQd JeQdeU î PSWQ. CRQWLQXRXV YaULabOeV 

ZeUe PeaQ-ceQWeUed befRUe WKe\ ZeUe eQWeUed LQ WKe UeJUeVVLRQ PRdeOV LQ RUdeU WR UedXce 

PXOWLcROOLQeaULW\ dXe WR WKe LQWeUacWLRQ WeUPV.  

3. ReVXlWV 

3.1 DemRgUaShic, QXeVWiRnnaiUe, and Clinical DaWa 

3.1.1 DiagnRVWic GURXSV 

TKe fRXU JURXSV VKRZed QR VLJQLfLcaQW dLffeUeQceV UeJaUdLQJ JeQdeU, aJe, RU \eaUV Rf 

edXcaWLRQ. HRZeYeU, aV e[SecWed, WKeUe ZeUe VLJQLfLcaQW YaULaWLRQV LQ TXeVWLRQQaLUe aQd cOLQLcaO 

daWa. SSecLfLc LQfRUPaWLRQ aQd VWaWLVWLcV fRU eacK JURXS aUe deWaLOed LQ TabOe 1. IQ aOLJQPeQW ZLWK 

WKe UecUXLWPeQW VWUaWeJ\, RbVeVVLYe-cRPSXOVLYe V\PSWRPV ZeUe PRVW SURPLQeQW LQ WKe OCD 

JURXS, ZKLOe VRcLaO aQ[LeW\ SUedRPLQaWed WKe SAD JURXS. PKRbLc V\PSWRPV aOVR SeaNed LQ WKe 

PHOB JURXS, bXW ZeUe QRW VLJQLfLcaQWO\ dLffeUeQW fURP WKe OCD aQd SAD JURXS. ReJaUdLQJ WKe 

WUaQVdLaJQRVWLc aQ[LeW\ dLPeQVLRQV, aQ[LRXV aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO ZeUe KLJKeVW LQ 

WKe OCD aQd SAD JURXS, RQ LQWeUPedLaWe OeYeOV LQ WKe PHOB JURXS, aQd ORZeVW LQ WKe CON 

JURXS (FLJXUe 1). SWaWe aQd WUaLW aQ[LeW\, aV ZeOO aV deSUeVVLYe V\PSWRPV, ZeUe PRVW SURQRXQced 

LQ WKe OCD aQd SAD JURXSV, ZLWK WKe CON JURXS dLVSOa\LQJ WKe VPaOOeVW PaQLfeVWaWLRQV, aQd 

WKe PHOB JURXS KaYLQJ LQWeUPedLaWe V\PSWRP VeYeULW\. LeYeOV Rf aOcRKRO cRQVXPSWLRQ dLd QRW 

dLffeU VLJQLfLcaQWO\ beWZeeQ WKe JURXSV. OYeUaOO, WKe VeYeULW\ Rf LOOQeVV LQ WKe cOLQLcaO JORbaO 

LPSUeVVLRQ UaWLQJ ZaV PRVW VeYeUe fRU WKe OCD aQd SAD JURXSV, fROORZed b\ WKe PHOB JURXS, 

aQd ZaV LQcRQVSLcXRXV fRU WKe CON JURXS. A VLPLOaU SaWWeUQ ePeUJed fRU JORbaO fXQcWLRQLQJ, 

ZKLcK ZaV QRWabO\ LPSaLUed LQ WKe OCD aQd SAD JURXSV, PRdeUaWeO\ UedXced LQ WKe PHOB 

JURXS, aQd e[KLbLWed LWV KLJKeVW OeYeO Rf fXQcWLRQLQJ LQ WKe CON JURXS. IQ VXPPaU\, WKe fRXU 

JURXSV UeYeaOed YaU\LQJ SURfLOeV cRQceUQLQJ WKe V\PSWRP VeYeULW\ aQd WKe aQ[LeW\ dLPeQVLRQV. 
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ReJaUdLQJ WKe VeYeULW\ Rf LOOQeVV aQd fXQcWLRQaO LPSaLUPeQW, WKe OCD aQd SAD JURXSV ZeUe 

PRUe affecWed WKaQ WKe PHOB aQd CON JURXSV.  

 

Figure 1 

Distribution of Anxious Apprehension (A) and Anxious Arousal (B) across Diagnostic Groups. 

 

Note. OCD = Obsessive-Compulsive Disorder; SAD = Social Anxiety Disorder; PHOB = Specific Phobia; CON = 
Control Group; PSWQ = Penn State Worry Questionnaire; MASQ-AA = Mood and Anxiety Symptom 
Questionnaire (Anxious Arousal Subscale). N = 156. 
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3.1.2 Clinical SWaWXV and Famil\ RiVk 

SLQce Ze aOVR JURXSed SaUWLcLSaQWV LQ WeUPV Rf cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU 

aQd faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, Ze UeSRUW JURXS-VSecLfLc PeaQV, VWaQdaUd 

deYLaWLRQV, aQd VWaWLVWLcaO UeVXOWV Rf WKe JURXS cRPSaULVRQ LQ WKe VXSSOePeQW (TabOe S2). AcURVV 

JURXSV, V\PSWRPV dLVSOa\ed a VSecWUXP Rf VeYeULW\, ZLWK cOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN 

VKRZLQJ WKe PRVW VeYeUe V\PSWRPV, VXcceeded b\ cOLQLcaO SaUWLcLSaQWV ZLWKRXW faPLO\ ULVN, QRQ-

cOLQLcaO SaUWLcLSaQWV ZLWK faPLO\ ULVN, aQd QRQ-cOLQLcaO SaUWLcLSaQWV ZLWKRXW faPLO\ ULVN.  

3.2 BehaYiRUal DaWa 

3.2.1 DiagnRVWic GURXSV 

TKe caWeJRULcaO aQaO\VeV Rf WKe dLaJQRVWLc JURXSV dLd QRW UeYeaO aQ\ VLJQLfLcaQW 

dLffeUeQceV UeJaUdLQJ accXUac\, F(3, 152) = 0.16, p = .923, 𝜂௣ଶ = 0.00, RU SRVW-eUURU VORZLQJ, F(3, 

152) = 0.69, p = .558, 𝜂௣ଶ = 0.01. OYeUaOO UeVSRQVe WLPeV ZeUe faVWeU RQ eUURU cRPSaUed ZLWK 

cRUUecW WULaOV acURVV JURXSV, F(1, 152) = 522.81, p < .001, 𝜂௣ଶ = 0.78, bXW dLd QRW dLffeU beWZeeQ 

JURXSV, F(3, 152) = 1.70, p = .169, 𝜂௣ଶ = 0.03. HRZeYeU, Ze fRXQd aQ LQWeUacWLRQ effecW Rf 

UeVSRQVe u group RQ UeVSRQVe WLPeV, F(3, 152) = 5.40, p = .001, 𝜂௣ଶ = 0.10. PRVW-KRc cRPSaULVRQV 

VKRZed WKaW WKe PHOB JURXS UeVSRQded faVWeU RQ eUURU WULaOV WKaQ WKe CON JURXS (p = .031), 

ZLWK QR RWKeU dLffeUeQce SaVVLQJ WKe VLJQLfLcaQce WKUeVKROd (aOO pV > .48). GURXS-VSecLfLc PeaQV 

aQd VWaQdaUd deYLaWLRQV Rf WKe beKaYLRUaO daWa caQ be fRXQd LQ TabOe 2. IQ bULef, beKaYLRUaO 

SeUfRUPaQce dLd QRW dLffeU VLJQLfLcaQWO\ beWZeeQ WKe fRXU dLaJQRVWLc JURXSV, ZLWK WKe e[ceSWLRQ 

Rf eUURU UeVSRQVe WLPeV, ZKeUeb\ WKe PHOB JURXS dePRQVWUaWed faVWeU UeVSRQVeV WKaQ WKe CON 

JURXS.  
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Table 2 

Electrophysiological and Behavioral Data of the Diagnostic Groups. 

 OCD  
(n = 39) 

 SAD  
(n = 39) 

 PHOB  
(n = 39) 

 CON  
(n = 39) 

 M SD  M SD  M SD  M SD 
ERPs            

ERN (PV) -3.71 3.42  -3.47 3.48  -4.64 4.22  -3.08 2.85 
CRN (PV) -0.01 2.68  0.78 2.44  0.19 2.22  0.49 2.45 

Behavior            
Accuracy (%) 86.07 7.80  85.53 8.54  85.50 7.53  84.74 10.07 
RT correct (ms) 431.41 47.67  415.30 46.16  420.62 35.84  430.11 48.84 
RT incorrect (ms) 359.70 59.74  359.05 64.67  343.27 39.30  380.45 64.52 
PES (ms) 43.70 30.12  43.02 24.71  40.30 22.52  35.88 28.54 

Note. OCD = Obsessive-Compulsive Disorder; SAD = Social Anxiety Disorder; PHOB = Specific Phobia; 
CON = Control Group; ERPs = event-related potentials; ERN = error-related negativity; CRN = correct-
response negativity; RT = response time; PES = post-error slowing. N = 156. 

 

3.2.2 Clinical SWaWXV and Famil\ RiVk 

SLQce Ze aOVR LQYeVWLJaWed WKe LQfOXeQce Rf cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU aQd 

faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ RQ ERPV, Ze VKRUWO\ UeSRUW UeVXOWV Rf SaUWLcLSaQWV¶ 

beKaYLRUaO SeUfRUPaQce KeUe. ReJaUdLQJ accXUac\, Ze dLd QRW RbVeUYe a VLJQLfLcaQW effecW Rf 

cOLQLcaO VWaWXV, F(1, 152) = 0.42, p = .516, 𝜂௣ଶ = 0.00, faPLO\ ULVN, F(1, 152) = 2.05, p = .155, 𝜂௣ଶ = 

0.01, RU cOLQLcaO VWaWXV u faPLO\ ULVN, F(1, 152) = 0.01, p = .915, 𝜂௣ଶ = 0.00. HRZeYeU, SRVW-eUURU 

VORZLQJ dLffeUed aV a UeVXOW Rf faPLO\ ULVN, F(1, 152) = 6.94, p = .009, 𝜂௣ଶ = 0.04, ZLWK SURORQJed 

SRVW-eUURU VORZLQJ fRU WKe ULVN JURXS, ZKLOe WKeUe ZaV QR VLJQLfLcaQW effecW Rf cOLQLcaO VWaWXV, F(1, 

152) = 0.27, p = .607, 𝜂௣ଶ = 0.00, RU cOLQLcaO VWaWXV u faPLO\ ULVN, F(1, 152) = 2.28, p = .133, 𝜂௣ଶ = 

0.02. OYeUaOO UeVSRQVe WLPeV ZeUe faVWeU RQ eUURU cRPSaUed ZLWK cRUUecW WULaOV, F(1, 152) = 

269.51, p < .001, 𝜂௣ଶ = 0.64. IQ addLWLRQ, WKeUe ZaV a VLJQLfLcaQW LQWeUacWLRQ effecW Rf UeVSRQVe u 

cOLQLcaO VWaWXV RQ UeVSRQVe WLPeV, F(1, 152) = 5.36, p = .022, 𝜂௣ଶ = 0.03, ZKLcK ZaV TXaOLfLed b\ 

faVWeU UeVSRQVe WLPeV fRU eUURU WULaOV (p = .087) bXW QRW fRU cRUUecW WULaOV (p = .682) fRU WKe cOLQLcaO 

cRPSaUed ZLWK WKe QRQcOLQLcaO JURXS, aObeLW cORVeO\ PLVVLQJ WKe VLJQLfLcaQce WKUeVKROd fRU eUURU 
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WULaOV LQ WKe SRVW-KRc cRPSaULVRQ. NR RWKeU VLJQLfLcaQW effecWV RQ UeVSRQVe WLPeV ZeUe fRXQd (aOO 

pV > .11). GURXS-VSecLfLc PeaQV aQd VWaQdaUd deYLaWLRQV Rf WKe beKaYLRUaO daWa caQ be fRXQd LQ 

WKe VXSSOePeQW (TabOe S3). TaNeQ WRJeWKeU, faPLO\ ULVN ZaV aVVRcLaWed ZLWK SURORQJed SRVW-eUURU 

VORZLQJ aQd, RQ a WUeQd OeYeO, cOLQLcaO VWaWXV ZLWK faVWeU eUURU UeVSRQVe WLPeV. 

3.3 EYenW-RelaWed PRWenWialV  

3.3.1 DiagnRVWic GURXSV 

IQ WKe caWeJRULcaO aQaO\VLV Rf WKe fRXU dLaJQRVWLc JURXSV, Ze VOLJKWO\ deYLaWed fURP RXU 

SUeUeJLVWeUed PRdeO (ANOVA) b\ cRQWUROOLQJ fRU eUURU UeVSRQVe WLPeV (ANCOVA), JLYeQ WKaW 

WKe PHOB JURXS VKRZed faVWeU eUURU UeVSRQVe WLPeV cRPSaUed ZLWK WKe CON JURXS. TKe 

ANCOVA UeYeaOed a PaLQ effecW Rf UeVSRQVe W\Se LQdLcaWLQJ OaUJeU ERN cRPSaUed ZLWK CRN 

aPSOLWXdeV, F(1, 151) = 19.89, p < .001, 𝜂௣ଶ = 0.12. HRZeYeU, Ze dLd QRW fLQd a VLJQLfLcaQW JURXS 

effecW, F(3, 151) = 1.56, p = .201, 𝜂௣ଶ = 0.03, QRU aQ LQWeUacWLRQ Rf UeVSRQVe u group, F(3, 151) = 

0.95, p = .418, 𝜂௣ଶ = 0.02, PeaQLQJ Ze cRXOd QRW fLQd eYLdeQce fRU dLffeUeQceV LQ ERN RU CRN 

aPSOLWXdeV beWZeeQ WKe dLaJQRVWLc JURXSV. TabOe 2 OLVWV JURXS-VSecLfLc PeaQV aQd VWaQdaUd 

deYLaWLRQV Rf WKe ERN aQd CRN. FLJXUe 2 VKRZV JUaQd-aYeUaJed SRWeQWLaOV aQd WRSRJUaSKLeV Rf 

eacK JURXS. TKLV UeVXOW SaWWeUQ ZaV URbXVW aJaLQVW dLffeUeQW TXaQWLfLcaWLRQ aSSURacKeV Rf WKe ERN 

aQd CRN (TabOe S4 LQ WKe VXSSOePeQW). AcURVV VcRULQJ VWUaWeJLeV, WKe aYeUaJe effecW VL]e ZaV 

𝑀ఎ೛మ  = 0.114, 𝑆𝐷ఎ೛మ  = 0.026 (p-UaQJe = <.001 - .001) fRU WKe UeVSRQVe effecW, 𝑀ఎ೛మ  = 0.020, 𝑆𝐷ఎ೛మ  

= 0.007 (p-UaQJe = .244 - .696) fRU WKe JURXS effecW, aQd 𝑀ఎ೛మ  = 0.021, 𝑆𝐷ఎ೛మ  = 0.004 (p-UaQJe 

= .242 - .479) fRU WKe UeVSRQVe u group LQWeUacWLRQ.  
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Figure 2 

Grand-Averaged Waveforms and Corresponding Topographies for Error and Correct Trials of the Diagnostic 
Groups. 

  

 

Note. Response-locked grand-averaged waveforms of erroneous and correct trials of each group (A, B). OCD = 
Obsessive-Compulsive Disorder; SAD = Social Anxiety Disorder; PHOB = Specific Phobia; CON = Control Group. 
Corresponding topographic head maps of the ERN (C) and CRN (D). ERN = error-related negativity; CRN = correct-
response negativity. N = 156. 

 

IQ RUdeU WR e[aPLQe WKe LQfOXeQce Rf RXU QaWXUaOLVWLc cRQWURO JURXS RQ ERP dLffeUeQceV, Ze 

UeSeaWed WKe caWeJRULcaO aQaO\VeV b\ e[cOXdLQJ fLYe SaUWLcLSaQWV ZLWK a cXUUeQW RU OLfeWLPe 

LQWeUQaOL]LQJ dLaJQRVLV fURP RXU cRQWURO JURXS. IQ WKLV ANCOVA LQYROYLQJ a VWULcWO\ KeaOWK\ 

cRQWURO JURXS, WKe JURXS facWRU QaUURZO\ PLVVed WKe VLJQLfLcaQce WKUeVKROd, F(3, 146) = 2.49, p 

= .062, 𝜂௣ଶ = 0.05. CRQVeTXeQWO\, SRVW-KRc cRPSaULVRQV aOVR feOO VKRUW Rf VLJQLfLcaQce, aOWKRXJK 

WKe cRPSaULVRQ UeOaWed WR ERN dLffeUeQceV beWZeeQ PHOB JURXS (M = -4.64, SD = 4.22) aQd HC 

JURXS (M = -2.58, SD = 2.68) aSSURacKed WKe WKUeVKROd (p = .070). AddLWLRQaOO\, WKeUe ZaV a 
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PaLQ effecW Rf UeVSRQVe W\Se, F(1, 146) = 18.05, p < .001, 𝜂௣ଶ = 0.11, bXW QR LQWeUacWLRQ effecW Rf 

UeVSRQVe u group, F(3, 146) = 1.03, p = .379, 𝜂௣ଶ = 0.02. GUaQd-aYeUaJed SRWeQWLaOV Rf WKe WKUee 

cOLQLcaO JURXSV cRPSaUed ZLWK WKe KeaOWK\ cRQWURO JURXS caQ be fRXQd LQ FLJXUe S2 Rf WKe 

VXSSOePeQWaU\ PaWeULaOV. AcURVV VcRULQJ VWUaWeJLeV, WKe aYeUaJe effecW VL]e ZaV 𝑀ఎ೛మ  = 0.109, 

𝑆𝐷ఎ೛మ  = 0.025 (p-UaQJe = <.001 - .002) fRU WKe UeVSRQVe effecW, 𝑀ఎ೛మ  = 0.046, 𝑆𝐷ఎ೛మ  = 0.010 (p-

UaQJe = .033 - .265) fRU WKe JURXS effecW, aQd 𝑀ఎ೛మ  = 0.017, 𝑆𝐷ఎ೛మ  = 0.002 (p-UaQJe = .379 - .520) 

fRU WKe UeVSRQVe u group LQWeUacWLRQ. FRU PRUe VWaWLVWLcaO deWaLOV, SOeaVe Vee TabOe S5 LQ WKe 

VXSSOePeQWaU\ PaWeULaOV.  

IQ eVVeQce, RXU LQYeVWLJaWLRQ dLd QRW UeYeaO eYLdeQce fRU YaULaWLRQV LQ ERN RU CRN 

aPSOLWXdeV aPRQJ WKe cOLQLcaO JURXSV, QRU LQ cRPSaULVRQ WR WKe QaWXUaOLVWLc cRQWURO JURXS. 

HRZeYeU, XSRQ UefLQLQJ WKe cRQWURO JURXS b\ e[cOXdLQJ SaUWLcLSaQWV ZLWK a cXUUeQW RU OLfeWLPe 

LQWeUQaOL]LQJ dLVRUdeU, cUeaWLQJ a PRUe VWULcWO\ defLQed KeaOWK\ cRQWURO JURXS, WUeQd-OeYeO 

VLJQLfLcaQW dLffeUeQceV ePeUJed beWZeeQ WKe PHOB aQd HC JURXS. 

3.3.2 Clinical SWaWXV and Famil\ RiVk 

IQ RUdeU WR LQYeVWLJaWe WKe UROe Rf cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU aQd faPLO\ 

ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, Ze cRQdXcWed a QRQ-SUeUeJLVWeUed caWeJRULcaO aQaO\VLV 

(ANCOVA) afWeU UecOaVVLf\LQJ SaUWLcLSaQWV (L.e., cOLQLcaO/QRQcOLQLcaO SaUWLcLSaQWV ZLWK/ZLWKRXW 

faPLO\ ULVN), ZKLOe cRQWUROOLQJ fRU SRVW-eUURU VORZLQJ aQd eUURU UeVSRQVe WLPeV (Vee beKaYLRUaO 

daWa fRU deWaLOV). DeWaLOed UeVXOWV Rf WKe ANCOVA aUe OLVWed LQ TabOe 3 aQd LOOXVWUaWed LQ FLJXUe 3. 

We fRXQd a PaLQ effecW Rf UeVSRQVe ZLWK OaUJeU ERN cRPSaUed ZLWK CRN, bXW cOLQLcaO VWaWXV 

cORVeO\ PLVVed WKe VLJQLfLcaQce WKUeVKROd (p = .071), aOWKRXJK WKeUe ZeUe deVcULSWLYe dLffeUeQceV 

LQ bRWK ERPV, ZLWK OaUJeU ERN (QRQcOLQLcaO: M = -2.58, SD = 2.68 YV. cOLQLcaO: M = -4.04, SD = 

3.69) aV ZeOO aV CRN aPSOLWXdeV (QRQcOLQLcaO: M = 0.91, SD = 2.27 YV. cOLQLcaO: M = 0.21, SD = 
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2.48). IQVWead, faPLO\ ULVN ZaV aVVRcLaWed ZLWK KLJKeU ERN (QR ULVN: M = -2.79, SD = 3.00 YeUVXV 

ULVN: M = -4.21, SD = 3.71) aQd CRN aPSOLWXdeV (QR ULVN: M = 0.94, SD = 2.02 YeUVXV ULVN: M = 

0.06, SD = 2.60). NRWabO\, WKe UeVXOW SaWWeUQ fRU WKe faPLO\ ULVN effecW ZaV KeWeURJeQeRXV acURVV 

VcRULQJ VWUaWeJLeV, ZKLOe WKe cOLQLcaO effecW ZaV VLJQLfLcaQW LQ aOO RWKeU VcRULQJ VWUaWeJLeV (TabOe 

S6 LQ WKe VXSSOePeQW): TKe aYeUaJe effecW VL]e ZaV 𝑀ఎ೛మ  = 0.035, 𝑆𝐷ఎ೛మ  = 0.012 (p-UaQJe = .004 

- .071) fRU WKe cOLQLcaO effecW, 𝑀ఎ೛మ  = 0.014, 𝑆𝐷ఎ೛మ  = 0.011 (p-UaQJe = .039 - .861) fRU WKe faPLO\ 

ULVN effecW, aQd 𝑀ఎ೛మ  = 0.000, 𝑆𝐷ఎ೛మ  = 0.000 (p-UaQJe = .652 - .902) fRU WKe cOLQLcaO u faPLO\ ULVN 

LQWeUacWLRQ. IQ VXPPaU\, bRWK cOLQLcaO VWaWXV Rf aQ LQWeUQaOL]LQJ dLVRUdeU aQd faPLO\ ULVN fRU 

LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ VeeP WR be aVVRcLaWed ZLWK aQ eQKaQced ERN aV ZeOO aV CRN, 

aOWKRXJK VWaWLVWLcaO VLJQLfLcaQce Rf WKeVe effecWV ZeUe SaUWLaOO\ deSeQdLQJ RQ WKe cKRVeQ VcRULQJ 

VWUaWeJ\.  

 

Table 3 

The Effects of Clinical Status of an Internalizing Disorder and Family Risk for 
Internalizing Psychopathology on the ERN and CRN.  

Note. ERN = error-related negativity; CRN = correct-response negativity; FHS = 
Family History Screen (family risk, no family risk); clinical (nonclinical, clinical); 
response (correct, incorrect). Analyses were controlled for error response time and 
post-error slowing, as these behavioral variables differed between the respective 
groups. N = 156. 

p < .05 are printed in bold 
 

  

 F df 𝜂௣ଶ p 
Response  19.10 1, 150 0.11 <.001 
Response × Clinical 0.69 1, 150 0.01 .406 
Response × FHS Internalizing 0.54 1, 150 0.00 .466 
Response × Clinical × FHS Internalizing 0.03 1, 150 0.00 .860 
Clinical  3.32 1, 150 0.02 .071 
Clinical × FHS Internalizing 0.12 1, 150 0.00 .731 
FHS Internalizing 4.35 1, 150 0.03 .039 
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Figure 3 

Grand-Averaged Waveforms and Corresponding Topographies of Error and Correct Trials for Participants with or 
without a Clinical Status of an Internalizing Disorder or Family Risk for Internalizing Psychopathology.  

  

Note. Response-locked grand-averaged waveforms of correct and erroneous trials for participants with or without a 
clinical status of an internalizing disorder (A) as well as for participants with or without a family risk for internalizing 
psychopathology (B). Corresponding topographic head maps of the ERN and CRN (C, D). ERN = error-related 
negativity; CRN = correct-response negativity. N = 156. 

 

3.3.3 Clinical SWaWXV and An[ieW\ DimenViRnV 

IQ accRUdaQce ZLWK RXU SUeUeJLVWUaWLRQ, Ze aOVR cRPbLQed daWa Rf WKe SUeVeQW cOLQLcaO 

VWXd\ ZLWK daWa fURP a SUeYLRXVO\ SXbOLVKed VXbcOLQLcaO VWXd\ (HlUSfeU eW aO., 2022) WR LQYeVWLJaWe 

WKe LPSacW Rf cOLQLcaO VWaWXV aV ZeOO aV WKe UROe Rf WUaQVdLaJQRVWLc aQ[LeW\ dLPeQVLRQV acURVV a 

ZLdeU VSecWUXP Rf V\PSWRP VeYeULW\. TKLV \LeOded a MRLQW VaPSOe cRQVLVWLQJ Rf n = 246 

LQdLYLdXaOV affecWed b\ aW OeaVW RQe OLfeWLPe LQWeUQaOL]LQJ dLVRUdeU (n = 136) aQd LQdLYLdXaOV 

ZLWKRXW aQ\ OLfeWLPe KLVWRU\ Rf SV\cKRSaWKRORJ\ (n = 110). UQfRUWXQaWeO\, daWa cRQceUQLQJ 

faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ ZeUe QRW cROOecWed LQ WKe SUeYLRXV VWXd\ aQd cRXOd 
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WKeUefRUe QRW be aQaO\]ed LQ WKLV OaUJeU, cRPbLQed VaPSOe. SLQce cOLQLcaO VWaWXV, PSWQ, aQd 

MASQ-AA ZeUe RXU SUedLcWRUV Rf PaLQ LQWeUeVW, Ze ZLOO fRcXV RQ WKeVe LQ WKe fROORZLQJ 

deVcULSWLRQ Rf UeVXOWV. HRZeYeU, deWaLOed UeVXOWV Rf WKe OLQeaU UeJUeVVLRQ PRdeOV Rf WKe ERN aQd 

CRN LQcOXdLQJ aOO YaULabOeV aUe OLVWed LQ TabOe 4. ReVXOWV Rf dLffeUeQW VcRULQJ VWUaWeJLeV aUe 

VXPPaUL]ed LQ WKe VXSSOePeQW (TabOe S7). 

IQ WKe SUeUeJLVWeUed ERN PRdeO, cOLQLcaO VWaWXV cORVeO\ PLVVed WKe VLJQLfLcaQce WKUeVKROd 

(p = .069), bXW ZaV VLJQLfLcaQW fRU aOO RWKeU VcRULQJ VWUaWeJLeV. TKe aYeUaJe effecW VL]e Rf cOLQLcaO 

VWaWXV ZaV 𝑀E = -0.18, 𝑆𝐷E = 0.04 (p-UaQJe = .003 - .069) acURVV VcRULQJ VWUaWeJLeV. NR RWKeU 

SUedLcWRU Rf PaLQ LQWeUeVW (L.e., PSWQ RU MASQ-AA) ZaV VLJQLfLcaQW. IQ WKe SUeUeJLVWeUed CRN 

PRdeO, Ze fRXQd a VLJQLfLcaQW LQWeUacWLRQ Rf cOLQLcaO VWaWXV u PSWQ (p = .032; FLJXUe 4) ZKLcK 

ZaV TXaOLfLed b\ OaUJeU CRN aPSOLWXdeV ZLWK LQcUeaVLQJ aQ[LRXV aSSUeKeQVLRQ LQ QRQcOLQLcaO (r = 

-.27, p = .005) bXW QRW cOLQLcaO SaUWLcLSaQWV (r = -.03, p = .722). AcURVV VcRULQJ VWUaWeJLeV, WKe 

aYeUaJe effecW VL]e Rf cOLQLcaO u PSWQ ZaV 𝑀E = 0.31, 𝑆𝐷E = 0.04 (p-UaQJe = .004 - .040). TKe 

aYeUaJe PeaUVRQ cRUUeOaWLRQ beWZeeQ PSWQ aQd WKe CRN acURVV VcRULQJ VWUaWeJLeV ZaV 𝑀௥ = 

-.26, 𝑆𝐷௥ = 0.04 (p-UaQJe = <.001 - .054) LQ QRQcOLQLcaO SaUWLcLSaQWV aQd 𝑀௥ = -.01, 𝑆𝐷௥ = 0.05 

(p-UaQJe = .372 - .958) LQ cOLQLcaO SaUWLcLSaQWV. CRQVeTXeQWO\, deSeQdLQJ RQ WKe VcRULQJ aSSURacK, 

OaUJeU ERN aPSOLWXdeV ZeUe OLQNed WR cOLQLcaO VWaWXV PLUURULQJ WKe effecWV RbVeUYed LQ WKe 

caWeJRULcaO aQaO\VLV. FRU WKe CRN, Ze fRXQd a dLffeUeQWLaO effecW UeJaUdLQJ WKe PSWQ-CRN OLQN 

beWZeeQ QRQcOLQLcaO aQd cOLQLcaO SaUWLcLSaQWV, VXcK WKaW RQO\ QRQcOLQLcaO SaUWLcLSaQWV VKRZed 

OaUJeU CRN aPSOLWXdeV ZLWK LQcUeaVLQJ aQ[LRXV aSSUeKeQVLRQ.  
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Figure 4  

Clinical Status Moderating the Link between Anxious Apprehension 
and CRN. 

 

Note. CRN = correct-response negativity. PSWQ = Penn State Worry 
Questionnaire. N = 246. 

 

AV SUeUeJLVWeUed, Ze aOVR LQYeVWLJaWed WKe UROe Rf WKe WUaQVdLaJQRVWLc aQ[LeW\ dLPeQVLRQV 

ZLWKLQ WKe LQLWLaO VaPSOe (n = 156). DeWaLOed UeVXOWV Rf WKeVe PRdeOV (ZLWK VPaOOeU VWaWLVWLcaO 

SRZeU) caQ be fRXQd LQ WKe VXSSOePeQW (TabOe S8). FRU WKe ERN, Ze fRXQd SaUWLaO VXSSRUW Rf aQ 

aVVRcLaWLRQ ZLWK PSWQ, deSeQdLQJ RQ WKe VcRULQJ VWUaWeJ\, ZLWK aQ aYeUaJe effecW VL]e Rf 𝑀E = -

0.17, 𝑆𝐷E = 0.03 (p-UaQJe = .044 - .248). NR aVVRcLaWLRQ ZaV fRXQd fRU WKe MASQ-AA (aOO pV 

> .26). FRU WKe CRN, Ze cRXOd QRW fLQd aQ\ VLJQLfLcaQW SUedLcWLRQ b\ PSWQ RU MASQ-AA (aOO 

pV > .16).  
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3.3.4 An[iRXV ASSUehenViRn and GendeU 

PULRU UeVeaUcK KaV LQdLcaWed WKaW JeQdeU Pa\ acW aV a PRdeUaWLQJ facWRU LQ WKe UeOaWLRQVKLS 

beWZeeQ aQ[LeW\ aQd eQKaQced eUURU PRQLWRULQJ, ZLWK ZRPeQ dLVSOa\LQJ a VWURQJeU aVVRcLaWLRQ 

beWZeeQ aQ[LRXV aSSUeKeQVLRQ aQd LQcUeaVed ERN aPSOLWXdeV (MRVeU eW aO., 2016). IQ RUdeU WR 

LQYeVWLJaWe WKe PRdeUaWLQJ UROe Rf JeQdeU, Ze cRQdXcWed e[SORUaWLYe PXOWLSOe OLQeaU UeJUeVVLRQ 

PRdeOV XVLQJ WKe cRPbLQed VaPSOe (n = 246) LQcOXdLQJ n = 181 ZRPeQ aQd n = 65 PeQ. TKe 

UeVXOWV dePRQVWUaWed WKaW WKe LQWeUacWLRQ WeUP JeQdeU u PSWQ ZaV VLJQLfLcaQW fRU bRWK WKe ERN 

aQd CRN LQdLcaWLQJ a dLffeUeQWLaO effecW, ZKeUeb\ RQO\ ZRPeQ e[KLbLWed a OaUJeU ERN (fePaOeV: 

r = -.15, p = .049 YV. PaOeV: r = .07, p = .584) aQd CRN (fePaOeV: r = -.17, p = .023 YV. PaOeV: r 

= .14, p = .261) ZLWK LQcUeaVLQJ aQ[LRXV aSSUeKeQVLRQ (TabOe 5, FLJXUe 5). DeWaLOed UeVXOWV acURVV 

YaULRXV VcRULQJ VWUaWeJLeV aUe aYaLOabOe LQ WKe VXSSOePeQWaU\ PaWeULaOV (TabOe S9). AcURVV VcRULQJ 

VWUaWeJLeV, WKe aYeUaJe effecW VL]e Rf JeQdeU u PSWQ ZaV 𝑀E = 0.61, 𝑆𝐷E = 0.10 (p-UaQJe = .002 

- .035) fRU WKe ERN aQd 𝑀E = 0.60, 𝑆𝐷E = 0.04 (p-UaQJe = .005 - .016) fRU WKe CRN. TKe aYeUaJe 

PeaUVRQ cRUUeOaWLRQ beWZeeQ PSWQ aQd WKe ERN LQ ZRPeQ ZaV 𝑀௥ = -.16, 𝑆𝐷௥ = 0.02 (p-UaQJe 

= .016 - .071) aQd 𝑀௥ = .13, 𝑆𝐷௥ = 0.04 (p-UaQJe = .139 - .584) LQ PeQ. FRU WKe PSWQ-CRN 

OLQN, WKe aYeUaJe cRUUeOaWLRQ ZaV 𝑀௥ = -.15, 𝑆𝐷௥ = 0.02 (p-UaQJe = .015 - .104) fRU ZRPeQ aQd 

𝑀௥ = .13, 𝑆𝐷௥ = 0.04 (p-UaQJe = .160 - .530) fRU PeQ. TaNeQ WRJeWKeU, ZRPeQ bXW QRW PeQ 

VKRZed LQcUeaVLQJ ERN aQd CRN aPSOLWXdeV ZLWK LQcUeaVLQJ aQ[LRXV aSSUeKeQVLRQ.  
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Figure 5 

Gender Moderating the Link between Anxious Apprehension and (A) ERN as well as (B) CRN. 

 
Note. ERN = error-related negativity; CRN = correct-response negativity. PSWQ = Penn State Worry Questionnaire. 
N = 246. 
 

 

4. DiVcXVViRn 

B\ eOXcLdaWLQJ WKe QeXUaO XQdeUSLQQLQJV Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe dLVRUdeUV LQ 

SaVW UeVeaUcK, WKe SUeYaLOLQJ XQdeUVWaQdLQJ ePeUJed WKaW eQKaQced eUURU-UeOaWed bUaLQ acWLYLW\ 

UeSUeVeQWV a SRWeQWLaO QeXUaO ULVN PaUNeU. HRZeYeU, SUeYLRXV LQYeVWLJaWLRQV KaYe QRW XQLfRUPO\ 

OLQNed aOO dLVRUdeU caWeJRULeV ZLWKLQ WKLV VSecWUXP WR ERN YaULaWLRQV, ZKLcK ZaV aWWULbXWed WR 

dLffeUeQW XQdeUO\LQJ V\PSWRP dLPeQVLRQV aQd YaU\LQJ deJUeeV Rf V\PSWRP VeYeULW\. TKe cXUUeQW 

VWXd\ aLPed WR fLOO WKLV UeVeaUcK JaS b\ VLPXOWaQeRXVO\ LQYeVWLJaWLQJ PXOWLSOe dLVRUdeUV aQd 

aVVRcLaWed dLPeQVLRQV ZLWKLQ WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. SSecLfLcaOO\, Ze 

fRcXVed RQ WKe UROe Rf dLVRUdeU caWeJRU\ (L.e., OCD, SAD, VSecLfLc SKRbLa, aQd a cRQWURO JURXS), 

cOLQLcaO VWaWXV Rf a OLfeWLPe LQWeUQaOL]LQJ dLVRUdeU (L.e. QRQcOLQLcaO aQd cOLQLcaO), faPLO\ ULVN fRU 

LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ (L.e., QR ULVN aQd ULVN), aQd WUaQVdLaJQRVWLc aQ[LeW\ dLPeQVLRQV 
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(L.e., aQ[LRXV aSSUeKeQVLRQ aQd aQ[LRXV aURXVaO). IQ WKe caWeJRULcaO aQaO\VLV, Ze dLd QRW RbVeUYe 

VLJQLfLcaQW dLffeUeQceV LQ ERPV aPRQJ WKe cOLQLcaO JURXSV, QRU LQ cRPSaULVRQ WR WKe QaWXUaOLVWLc 

cRQWURO JURXS. HRZeYeU, afWeU cUeaWLQJ a PRUe VWULcWO\ defLQed KeaOWK\ cRQWURO JURXS, Ze fRXQd 

OaUJeU ERN aPSOLWXdeV LQ WKe VSecLfLc SKRbLa cRPSaUed ZLWK WKe KeaOWK\ cRQWURO JURXS. IQ 

addLWLRQ, ZKeQ cRPSaULQJ cOLQLcaO SaUWLcLSaQWV ZLWK a OLfeWLPe KLVWRU\ Rf aQ LQWeUQaOL]LQJ dLVRUdeU 

WR WKRVe ZLWKRXW aQ\ SaVW RU SUeVeQW dLaJQRVeV, bRWK ERN aQd CRN ZeUe OaUJeU LQ WKe cOLQLcaO 

JURXS. MRUeRYeU, RXU daWa aOVR VXJJeVW aQ aVVRcLaWLRQ Rf LQcUeaVed ERN aQd CRN aPSOLWXdeV 

ZLWK faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\. LaVWO\, WKe dLPeQVLRQaO aQaO\VeV dLd QRW 

UeYeaO aQ RYeUaOO aVVRcLaWLRQ Rf aQ[LRXV aSSUeKeQVLRQ aQd SeUfRUPaQce PRQLWRULQJ. IQVWead, Ze 

cRXOd LdeQWLf\ JeQdeU aV a PRdeUaWLQJ facWRU Rf WKLV UeOaWLRQVKLS, LQdLcaWLQJ WKaW KLJKeU aQ[LRXV 

aSSUeKeQVLRQ ZaV aVVRcLaWed ZLWK OaUJeU ERN aQd CRN aPSOLWXdeV LQ ZRPeQ bXW QRW LQ PeQ.  

 IQ a bURadeU cRQWe[W, RXU fLQdLQJV VKRZ SaUWLaO aOLJQPeQW ZLWK WKe e[LVWLQJ bRd\ Rf 

OLWeUaWXUe. PUeYLRXV UeVeaUcK KaV QRW \eW VXJJeVWed a OLQN beWZeeQ VSecLfLc SKRbLa aQd abeUUaQW 

eUURU PRQLWRULQJ (HaMcaN eW aO., 2003; MRVeU eW aO., 2005), cRQWUaU\ WR ZKaW RXU UeVXOWV 

XQe[SecWedO\ UeYeaO. FXUWKeUPRUe, Ze cRXOd QRW UeSOLcaWe ERN dLffeUeQceV beWZeeQ WKe cRQWURO 

JURXS aQd OCD RU SAD, UeVSecWLYeO\, aV LQdLcaWed b\ SULRU VWXdLeV (e.J., EQdUaVV eW aO., 2014; 

RLeVeO, 2019), eYeQ ZKeQ cRPSaUed ZLWK a VWULcWO\ defLQed KeaOWK\ cRQWURO JURXS. HRZeYeU LW LV 

cUXcLaO WR cRQVLdeU WKe SRVVLbLOLW\ WKaW WKeVe fLQdLQJV Pa\, LQ SaUW, be aWWULbXWed WR LQVXffLcLeQW 

VWaWLVWLcaO SRZeU, aV WKe dLVRUdeU-VSecLfLc aQaO\VLV ZaV RQO\ abOe WR deWecW PedLXP RU OaUJe VL]ed 

effecWV. B\ UecOaVVLf\LQJ aOO cOLQLcaO SaUWLcLSaQWV ZLWKLQ RQe JURXS aQd cRPbLQLQJ daWa ZLWK a 

SUeYLRXV VXbcOLQLcaO VWXd\, Ze ZeUe abOe WR cRQdXcW beWWeU SRZeUed aQaO\VeV UeYeaOLQJ OaUJeU 

ERN aQd CRN aPSOLWXdeV LQ WKe cOLQLcaO JURXS. CRQVLVWeQW ZLWK SULRU LQYeVWLJaWLRQV, RXU UeVXOWV 

XQdeUPLQe WKe LPSRUWaQce Rf cOLQLcaO VWaWXV (SaXQdeUV & IQ]OLcKW, 2020), SaUWLcXOaUO\ WKe UROe Rf 
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OLfeWLPe LQWeUQaOL]LQJ dLVRUdeUV (HlUSfeU eW aO., 2022), fRU WKe OLQN beWZeeQ aQ[LeW\ aQd eQKaQced 

SeUfRUPaQce PRQLWRULQJ. IQdLYLdXaOV ZLWK LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ VeeP WR VKaUe a 

SUedLVSRVLWLRQ fRU a cRJQLWLYe V\VWeP WKaW LV PRUe ZLUed WR PRQLWRU SeUfRUPaQce cRPSaUed ZLWK 

WKRVe ZLWKRXW aQ\ cOLQLcaOO\ UeOeYaQW V\PSWRPaWRORJ\. TKXV, eQKaQced SeUfRUPaQce PRQLWRULQJ 

PLJKW cRQWULbXWe WR e[SOaLQ WKe WUaMecWRULeV WR cOLQLcaO aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe 

V\PSWRPV (WeLQbeUJ, DLeWeULcK, eW aO., 2015; WeLQbeUJ eW aO., 2022) aQd aQ eOeYaWed ERN Pa\ 

VeUYe aV a bURad ULVN PaUNeU (RU eYeQ eQdRSKeQRW\Se, aV SRVLWed b\ RWKeU VWXdLeV) fRU WKe aQ[LeW\ 

aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, UaWKeU WKaQ beLQJ LQdLcaWLYe fRU VSecLfLc dLVRUdeUV ZLWKLQ 

WKaW VSecWUXP. TKLV RbVeUYaWLRQ aOLJQV ZLWK fLQdLQJV fURP a SURVSecWLYe VWXd\ SUedLcWLQJ WKe 

LQLWLaO RQVeW Rf aQ[LeW\ dLVRUdeUV LQ cKLOdUeQ e[KLbLWLQJ OaUJeU eUURU-UeOaWed bUaLQ acWLYLW\, bXW 

faLOLQJ WR dLffeUeQWLaWe aPRQJ VSecLfLc W\SeV Rf aQ[LeW\ dLVRUdeUV (Me\eU, HaMcaN, eW aO., 2015). 

HRZeYeU, ZKeQ ePSOR\LQJ WKe ERN aV a SURJQRVWLc WRRO aPRQJ aOUead\ cOLQLcaOO\ aQ[LRXV 

cKLOdUeQ aQd adROeVceQWV RYeU a WZR-\eaU SeULRd, eQKaQced eUURU-UeOaWed bUaLQ acWLYLW\ ZaV UeOaWed 

WR LQcUeaVed JeQeUaOL]ed aQ[LeW\, VRcLaO aQ[LeW\, aQd KaUP aYRLdaQce, bXW QRW ZLWK SK\VLcaO 

aQ[LeW\ V\PSWRPV RU SaQLc (Me\eU eW aO., 2021). TKLV VXJJeVWV WKaW WKe SUedLcWLYe YaOXe Rf WKe 

ERN Pa\ cKaQJe RYeU WLPe, ZLWK LWV cRQWULbXWLRQ YaU\LQJ LQ WeUPV Rf WKe WUaMecWRULeV OeadLQJ WR 

WKe LQLWLaO deYeORSPeQW Rf a dLVRUdeU aQd WKe WUaMecWRULeV RYeU WKe cRXUVe Rf WKe dLVRUdeU. 

IQ addLWLRQ WR cOLQLcaO VWaWXV, faPLO\ ULVN fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ aOVR KeOS XV 

XQdeUVWaQd WKe UROe Rf SeUfRUPaQce PRQLWRULQJ LQ WKe deYeORSPeQW Rf aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe V\PSWRPV. A OLPLWaWLRQ LQKeUeQW WR cURVV-VecWLRQaO VWXdLeV, LQcOXdLQJ RXU RZQ, OLeV LQ 

WKe LQabLOLW\ WR eVWabOLVK caXVaO UeOaWLRQVKLSV beWZeeQ eQKaQced SeUfRUPaQce PRQLWRULQJ aQd WKe 

deYeORSPeQW Rf V\PSWRPV RU YLce YeUVa. NRQeWKeOeVV, RXU UeVeaUcK cRQWULbXWeV VXbVWaQWLYeO\ WR 

WKe QRWLRQ WKaW eQKaQced SeUfRUPaQce PRQLWRULQJ, aV a YXOQeUabLOLW\ PaUNeU, PLJKW be 
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WUaQVPLWWed acURVV JeQeUaWLRQV, LQdLcaWLQJ a SUedLVSRVLWLRQ WRZaUd LQWeUQaOL]LQJ dLVRUdeUV 

(CaUUaVcR, HaUbLQ, eW aO., 2013; RLeVeO eW aO., 2011; RLeVeO, KOaZRKQ, eW aO., 2019). TKLV 

cRQcOXVLRQ ZaV dUaZQ fURP RXU fLQdLQJ WKaW bRWK cOLQLcaO VWaWXV aQd faPLO\ ULVN LQdeSeQdeQWO\ 

cRQWULbXWed WR aQ LQcUeaVed ERN aQd CRN. We aOVR cRQcOXde WKaW cOLQLcaO VWaWXV aQd faPLO\ ULVN 

dR QRW \LeOd aQ addLWLYe effecW RQ WKe PaJQLWXde Rf SeUfRUPaQce PRQLWRULQJ; LQVWead, eLWKeU facWRU 

LQdeSeQdeQWO\ SURYeV VXffLcLeQW WR be aVVRcLaWed ZLWK KeLJKWeQed SeUfRUPaQce PRQLWRULQJ. IQ WKLV 

cRQWe[W, LW LV cUXcLaO WR dLffeUeQWLaWe beWZeeQ WKe WUaMecWRULeV OeadLQJ WR aQ eQKaQced WUaLW-OLNe 

ERN aQd LWV UROe LQ WKe eWLRSaWKRJeQeVLV Rf cOLQLcaO aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV. 

OQ WKe RQe KaQd, aQ LQcUeaVed ERN LV SRWeQWLaOO\ VKaSed b\ a cRPSOe[ LQWeUSOa\ Rf PXOWLSOe 

eaUO\ acWLQJ facWRUV dXULQJ LQfaQc\ aQd adROeVeQce, VXcK aV JeQeWLcV (AQRNKLQ eW aO., 2008; SXRU 

eW aO., 2022), JeQdeU (FLVcKeU eW aO., 2016; HLOO eW aO., 2018; IPbXUJLR eW aO., 2020; LaUVRQ eW aO., 

2011), cRJQLWLYe cRQWURO (Me\eU & HaMcaN, 2019), WePSeUaPeQW (BURRNeU & BXVV, 2014; LaKaW eW 

aO., 2014; McDeUPRWW eW aO., 2009; Me\eU, HaMcaN, eW aO., 2018), aQd SaUeQWLQJ VW\Oe (BaQLca eW aO., 

2019; BURRNeU & BXVV, 2014; Me\eU eW aO., 2019; Me\eU, PURXdfLW, eW aO., 2015; SXRU eW aO., 2022). 

OQ WKe RWKeU KaQd, aQ LQcUeaVed ERN UeSUeVeQWV a ULVN PaUNeU fRU aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe dLVRUdeUV, UeJaUdOeVV Rf WKe VSecLfLc eWLRORJLcaO facWRUV beKLQd LWV eQKaQcePeQW. 

CRQVeTXeQWO\, ZKLOe VRPe LQdLYLdXaOV Pa\ KaYe LQKeULWed aQ eQKaQced ERN, SRVLQJ a ULVN fRU 

cOLQLcaO aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV, WKLV aVSecW Pa\ RQO\ accRXQW fRU WKe 

SKeQRPeQRQ LQ a VXbVeW Rf caVeV. IQ eVVeQce, aQ LQdLYLdXaO e[SRVed WR a SXQLWLYe SaUeQWLQJ VW\Oe 

WKaW UeVXOWV LQ aQ eQKaQced ERN Pa\ KaUbRU a cRPSaUabOe ULVN fRU cOLQLcaO V\PSWRPV aV 

LQdLYLdXaOV ZKR KaYe LQKeULWed aQ eOeYaWed ERN. YeW, WKe cRPSOe[ LQWeUSOa\ Rf WKeVe LQfOXeQcLQJ 

facWRUV cRQWULbXWLQJ WR aQ eOeYaWed WUaLW-OLNe ERN UePaLQV ZLdeO\ XQe[SORUed. CRQVeTXeQWO\, 
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fXWXUe LQYeVWLJaWLRQV VKRXOd SULRULWL]e a cRPSUeKeQVLYe e[aPLQaWLRQ Rf WKeLU cRPbLQed effecWV WR 

JaLQ deeSeU LQVLJKWV LQWR WKe JeQeVLV Rf eQKaQced eUURU-UeOaWed bUaLQ acWLYLW\. 

AQRWKeU SRWeQWLaO e[SOaQaWLRQ fRU SUeYLRXVO\ RbVeUYed dLffeUeQWLaO aVVRcLaWLRQV ZLWKLQ WKe 

aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP KLJKOLJKWV WKe SLYRWaO UROe Rf WKe WUaQVdLaJQRVWLc 

dLPeQVLRQ aQ[LRXV aSSUeKeQVLRQ. PUeYLRXV UeVeaUcK fRXQd WKe ERN WR SUedLcW WKe RQVeW Rf a 

JeQeUaOL]ed aQ[LeW\ dLVRUdeU (Me\eU, NeOVRQ, eW aO., 2018) aV ZeOO aV JeQeUaOL]ed aQd VRcLaO 

aQ[LeW\ V\PSWRPV (LaKaW eW aO., 2014; Me\eU eW aO., 2021), bXW fRXQd QR cURVV-VecWLRQaO RU 

SURVSecWLYe aVVRcLaWLRQ ZLWK RWKeU dLPeQVLRQV LQcOXdLQJ SaQLc RU SK\VLcaO V\PSWRPV (HaMcaN eW 

aO., 2003; Me\eU eW aO., 2021; MRVeU eW aO., 2005). TKLV dLffeUeQWLaO OLQNV LQdLcaWe a ceUWaLQ 

VSecLfLcLW\ Rf WKe ERN WR WKe aQ[LRXV aSSUeKeQVLRQ dLPeQVLRQ aQd LV aOVR LQ OLQe ZLWK cURVV-

VecWLRQaO fLQdLQJV fURP PeWa-aQaO\VeV (MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 2020). AV a 

UeVXOW, aQ eQKaQced ERN dReV QRW VeeP WR JeQeUaOO\ LQdLcaWe ULVN fRU aOO dLVRUdeU caWeJRULeV Rf 

WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP; LQVWead, eQKaQced eUURU PRQLWRULQJ OLNeO\ 

cRQWULbXWeV RQO\ WR WKe deYeORSPeQW Rf dLVRUdeUV cKaUacWeUL]ed b\ aQ[LRXV aSSUeKeQVLRQ.  

HRZeYeU, aQ LPSRUWaQW UePaUN WR cRQVLdeU LV WKaW WKe UeOaWLRQVKLS beWZeeQ eOeYaWed eUURU 

PRQLWRULQJ aQd aQ[LRXV aSSUeKeQVLRQ LV, WR a VLJQLfLcaQW e[WeQW, UeO\LQJ RQ WKe UeWURVSecWLYe 

cOaVVLfLcaWLRQ Rf VaPSOeV (VXcK aV ZRUU\ YeUVXV PL[ed aQ[LeW\) LQ PeWa-aQaO\VeV. CRQVeTXeQWO\, 

WKe dLUecW dLPeQVLRQaO aVVRcLaWLRQ beWZeeQ ERN aPSOLWXdeV aQd aQ[LRXV aSSUeKeQVLRQ YV. 

aQ[LRXV aURXVaO KaV UeceLYed cRPSaUaWLYeO\ OLPLWed aWWeQWLRQ, ZLWK RQO\ VRPe e[ceSWLRQV (e.J., 

HlUSfeU eW aO., 2022; HlUSfeU eW aO., 2020; LLQ eW aO., 2015; MRVeU eW aO., 2012). TR WKe beVW Rf RXU 

NQRZOedJe, RXU VWXd\ LV aPRQJ WKe fLUVW ePSOR\LQJ a WUaQVdLaJQRVWLc dLPeQVLRQaO aSSURacK 

ZLWKLQ a ZLdeO\ WUaQVdLaJQRVWLc daWaVeW LQcOXdLQJ dLffeUeQW cOLQLcaO dLVRUdeU caWeJRULeV.  
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AOLJQLQJ ZLWK fLQdLQJV Rf SUeYLRXV UeVeaUcK, RXU UeVXOWV VXSSRUW WKe QRWLRQ WKaW WKe OLQN 

beWZeeQ KeLJKWeQed aQ[LRXV aSSUeKeQVLRQ aQd eQKaQced eUURU PRQLWRULQJ LV JeQdeU-VSecLfLc, 

VXcK WKaW LW SUedRPLQaQWO\ PaQLfeVWV LQ ZRPeQ (MRVeU eW aO., 2016). E[WeQdLQJ SUeYLRXV UeVeaUcK 

fLQdLQJV, Ze fRXQd eYLdeQce WKaW WKe JeQdeU-VSecLfLc OLQN Rf aQ[LRXV aSSUeKeQVLRQ e[WeQdV 

be\RQd eUURU PRQLWRULQJ WR eQcRPSaVV SeUfRUPaQce PRQLWRULQJ LQ JeQeUaO (L.e., ERN aQd CRN). 

OYeUaOO, WKeVe fLQdLQJV PLJKW LPSO\ dLffeUeQWLaO WUaMecWRULeV Rf aQ[LeW\ LQ ZRPeQ aQd PeQ, 

ZKeUeLQ eQKaQced SeUfRUPaQce PRQLWRULQJ aSSeaUV WR RQO\ SOa\ a cRQWULbXWRU\ UROe LQ WKe 

deYeORSPeQW Rf ZRUU\ aPRQJ ZRPeQ, QRW PeQ. WLWKLQ WKe e[LVWLQJ OLWeUaWXUe, WZR e[SOaQaWRU\ 

aSSURacKeV KaYe beeQ adYaQced WR eOXcLdaWe WKe JeQdeU-VSecLfLc OLQN beWZeeQ aQ[LRXV 

aSSUeKeQVLRQ aQd LQcUeaVed eUURU PRQLWRULQJ (MRVeU eW aO., 2016). OQe SeUVSecWLYe SRVLWV WKaW WKe 

aPSOLfLcaWLRQ Rf YeUbaO ZRUULeV e[eUWV a PRUe SURQRXQced LPSacW RQ cRJQLWLYe SeUfRUPaQce LQ 

ZRPeQ. E[WeQVLYe UeVeaUcK dePRQVWUaWeV WKaW aQ[LeW\ LV cURVV-VecWLRQaOO\ aQd SURVSecWLYeO\ 

OLQNed WR LPSaLUPeQWV LQ cRJQLWLYe fXQcWLRQLQJ (GXOSeUV eW aO., 2022; LLQdeUW eW aO., 2021; TeW]QeU 

& ScKXWK, 2016) ZLWK VRPe VWXdLeV LQdLcaWLQJ JUeaWeU LPSaLUPeQW LQ ZRPeQ (de VLVVeU eW aO., 

2010; GXOSeUV eW aO., 2019; ZaLQaO & NeZPaQ, 2023). TKLV Pa\ be aWWULbXWabOe WR WKe LQcOLQaWLRQ 

Rf ZRPeQ, UeOaWLYe WR PeQ, WR ePSOR\ YeUbaO SURceVVeV dXULQJ SURbOeP-VROYLQJ, WKeUeb\ fRVWeULQJ 

VXbYRcaO aUWLcXOaWLRQ aV a UeVSRQVe WeQdeQc\ WR WKUeaWeQLQJ RU XQceUWaLQ VLWXaWLRQV (MRVeU eW aO., 

2016). AOWeUQaWLYeO\, aQRWKeU SeUVSecWLYe XQdeUVcRUeV WKe RUJaQL]aWLRQaO aQd UeJXOaWRU\ LPSacW Rf 

RYaULaQ KRUPRQeV RQ fURQWaO bUaLQ UeJLRQV aVVRcLaWed ZLWK cRJQLWLYe cRQWURO LQ ZRPeQ (BeOW] & 

MRVeU, 2020; RXVVPaQ BORcN eW aO., 2024; SKaQVN\ & LLSSV, 2013). MRVeU eW aO. (2016) aUJXe 

WKaW WKe eOeYaWed cRQceQWUaWLRQ Rf eVWUadLRO LQ UeJLRQV OLQNed WR eUURU PRQLWRULQJ, cRXSOed ZLWK 

eVWUadLRO'V PRdXOaWRU\ LQfOXeQce RQ dRSaPLQe²a SULPaU\ QeXURWUaQVPLWWeU WKRXJKW WR cRQWULbXWe 

WR WKe JeQeUaWLRQ Rf WKe ERN²Pa\ RffeU a SURPLVLQJ QeXURbLRORJLcaO UaWLRQaOe fRU WKe RbVeUYed 
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cRQQecWLRQ beWZeeQ aQ[LRXV aSSUeKeQVLRQ aQd WKe ERN LQ ZRPeQ. A UeceQW VWXd\ VXJJeVWV WKaW 

eVWUadLRO aQd SURJeVWeURQe Pa\ UeSUeVeQW SURWecWLYe facWRUV, ZKeUeLQ ZRPeQ e[KLbLWLQJ UeOaWLYeO\ 

eOeYaWed OeYeOV Rf WKeVe KRUPRQeV VKRZ a ZeaNeU aVVRcLaWLRQ Rf ZRUU\ aQd eUURU-UeOaWed bUaLQ 

acWLYLW\ LQ WKe ACC (RXVVPaQ BORcN eW aO., 2024).While our study design cannot offer support for 

either explanation regarding the gender specificity of this connection, we assert that it is 

imperative to consider gender effects when investigating the etiological pathways of the neural 

foundations in clinical anxiety. Additionally, a more thorough understanding of the mechanisms 

contributing to development of anxiety and obsessive-compulsive symptoms in women and men 

is essential.  

HRZeYeU, eYeQ WKRXJK RXU VWXd\ fRXQd WKaW aQ[LRXV aSSUeKeQVLRQ ZaV dLPeQVLRQaOO\ 

OLQNed WR eQKaQced eUURU PRQLWRULQJ (LQ ZRPeQ), WKLV dLd QRW dLUecWO\ WUaQVOaWe LQWR ERN 

dLffeUeQceV aPRQJ WKe LQYeVWLJaWed cOLQLcaO JURXSV. TKLV cKaOOeQJeV WKe aVVXPSWLRQ WKaW 

YaULaWLRQV LQ OaWeQW V\PSWRP SURfLOeV, VSecLfLcaOO\ aQ[LRXV aSSUeKeQVLRQ, XQdeUO\LQJ aQ[LeW\ aQd 

RbVeVVLYe-cRPSXOVLYe dLVRUdeUV caQ VLQJXOaUO\ accRXQW fRU dULYLQJ WKLV OLQN. IW LV SOaXVLbOe WKaW 

aQRWKeU WUaQVdLaJQRVWLc aQd PRUe JeQeUaO SKeQRW\Se, VXcK aV WKUeaW VeQVLWLYLW\ (PURXdfLW eW aO., 

2013) WUaLW defeQVe UeacWLYLW\ (WeLQbeUJ eW aO., 2012), RU aQ[LRXV PLVeU\ (RLeVeO eW aO., 2023), WKaW 

LV RQ WKe RQe KaQd SaUWLaOO\ aVVRcLaWed ZLWK aQ[LRXV aSSUeKeQVLRQ bXW SRWeQWLaOO\ PRUe eYeQO\ 

dLVWULbXWed acURVV LQWeUQaOL]LQJ dLVRUdeU caWeJRULeV, PLJKW dULYe YaULaWLRQV LQ ERN aPSOLWXdeV, 

WKXV, e[SOaLQLQJ WKaW Ze dLd QRW fLQd ERN dLffeUeQceV beWZeeQ dLVRUdeU caWeJRULeV. WKLOe aQ 

aXJPeQWed ERN LV cRPPRQO\ cRQceSWXaOL]ed aV WKe VeQVLWLYLW\ WR LQWeUQaO WKUeaW (L.e., cRQceUQV 

abRXW WKe cRQVeTXeQceV Rf RQe¶V SeUfRUPaQce aQd SRWeQWLaOO\ WKe VRcLaO eYaOXaWLRQ b\ RWKeUV) 

UaWKeU WKaQ e[WeUQaO WKUeaWV (L.e., feaU Rf VSecLfLc RbMecWV RU VLWXaWLRQV) aQd WKeUeb\ OLQNed WR 

dLVRUdeUV, VXcK aV OCD, SAD, aQd GAD, LW PLJKW aOVR be adaSWLYe fRU LQdLYLdXaOV ZLWK feaU-
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UeOaWed dLVRUdeUV, VXcK aV VSecLfLc SKRbLa RU aJRUaSKRbLa, WR PRQLWRU WKeLU beKaYLRU caUefXOO\. 

NeYeUWKeOeVV, e[aPLQLQJ KRZ dLPeQVLRQaO cRQVWUXcWV WUaQVOaWe LQWR dLffeUeQceV beWZeeQ dLVRUdeU 

caWeJRULeV UeTXLUeV fXWXUe ZeOO-SRZeUed VWXdLeV LQYROYLQJ PXOWLSOe dLVRUdeUV caWeJRULeV ZLWK 

OaUJeU VaPSOeV VL]eV fRU eacK JURXS.   

IQ eYaOXaWLQJ RXU UeVXOWV, LW LV eVVeQWLaO WR cRQVLdeU ceUWaLQ OLPLWaWLRQV. FLUVWO\, deVSLWe RXU 

aLP fRU a WUaQVdLaJQRVWLc aQd dLPeQVLRQaO aSSURacK WR XQUaYeO WKe OLQN beWZeeQ SeUfRUPaQce 

PRQLWRULQJ aQd WKe aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, Ze dLd QRW LQcOXde WKe fXOO UaQJe 

Rf SRWeQWLaOO\ UeOeYaQW dLVRUdeUV. Of SaUWLcXOaU LQWeUeVW ZRXOd be WKe addLWLRQaO LQcOXVLRQ Rf 

JeQeUaOL]ed aQ[LeW\ dLVRUdeU, SaQLc dLVRUdeU, aQd aJRUaSKRbLa WR cRYeU WKe cRPSOeWe 

WUaQVdLaJQRVWLc aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP. IQ facW, WKLV VXbVeTXeQW UeVeaUcK 

SURMecW LV cXUUeQWO\ RQJRLQJ LQ RXU Oab. FXUWKeUPRUe, PaQ\ SUeYLRXV VWXdLeV aOVR XVed KeaOWK\ 

cRQWURO SaUWLcLSaQWV fRU WKeLU caVe-cRQWURO deVLJQ. IQ cRQWUaVW, Ze fROORZed a PRUe cRQVeUYaWLYe 

aQd QaWXUaOLVWLc aSSURacK ZKeUeb\ cRQWURO SaUWLcLSaQWV dLd QRW Qeed WR be fXOO\ fUee Rf aQ\ PeQWaO 

dLVRUdeU (e[ceSW WKe LQde[ dLaJQRVeV). NRQeWKeOeVV, a UaWKeU VPaOO aPRXQW Rf RQO\ fLYe 

SaUWLcLSaQWV Rf WKe cRQWURO JURXS ZeUe dLaJQRVed ZLWK a OLfeWLPe dLVRUdeU. AQRWKeU OLPLWaWLRQ LV 

WKaW Ze XWLOL]ed a VSeeded YeUVLRQ Rf WKe fOaQNeU WaVN; LQLWLaOO\ LQ RUdeU WR SURPRWe SRWeQWLaO JURXS 

dLffeUeQceV beWZeeQ cOLQLcaO aQd cRQWURO SaUWLcLSaQWV. IQ a SUeYLRXV VWXd\ (RLeVeO, KaWKPaQQ, eW 

aO., 2019), OCD SaWLeQWV VKRZed LPSaLUed fOe[LbLOLW\ XQdeU VSeed cRQdLWLRQV, ZKeUeaV KeaOWK\ 

cRQWURO SaUWLcLSaQWV VeeP caSabOe WR XS- aQd dRZQUeJXOaWe WKeLU eUURU PRQLWRULQJ deSeQdLQJ RQ 

WKe VSeed YV. accXUac\ dePaQd Rf a WaVN. HRZeYeU, WKLV SaWWeUQ ZaV QRW \eW LQYeVWLJaWed fRU SAD 

RU VSecLfLc SKRbLa aQd LW UePaLQV XQcOeaU ZKeWKeU WKe LQfOe[LbLOLW\ Rf OCD SaWLeQWV aOVR aSSOLeV WR 

WKeVe dLVRUdeUV. AV aOUead\ dePRQVWUaWed LQ WKe eaUO\ \eaUV Rf ERN UeVeaUcK, VSeed LQVWUXcWLRQV 

JeQeUaOO\ caXVe VPaOOeU ERN aPSOLWXdeV (FaONeQVWeLQ eW aO., 2000; GeKULQJ eW aO., 1993). TKLV 
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PLJKW KaYe Oed WR fORRU effecWV OLPLWLQJ WKe UaQJe Rf YaULaQce aYaLOabOe WR aQaO\]e. LaVWO\, Ze 

ZaQWed WR accRXQW fRU WKe YaULaQce Rf SRWeQWLaO fRUNLQJ SaWKV LQ ERP TXaQWLfLcaWLRQ b\ 

dePRQVWUaWLQJ WKe VeQVLWLYLW\ Rf WKe UeVXOWV WR cRPPRQO\ XVed VcRULQJ VWUaWeJLeV. MRVW Rf RXU 

fLQdLQJV ZeUe URbXVW aJaLQVW dLffeUeQW VcRULQJ aSSURacKeV, KRZeYeU, VRPe Rf WKe aQaO\VeV (e.J., 

faPLO\ ULVN) dLVSOa\ed VXbVWaQWLaO YaULaWLRQ LQ WKe fLQaO RXWcRPe. OYeU WKe SaVW \eaUV Rf aQ[LeW\ 

UeVeaUcK, WKe SRWeQWLaO LQfOXeQce Rf PeWKRdRORJLcaO decLVLRQV LQ EEG SUeSURceVVLQJ RQ VWXd\ 

UeVXOWV KaV UeceLYed LQcUeaVLQJ aWWeQWLRQ (KOaZRKQ eW aO., 2020; SaQdUe eW aO., 2020; ZKaQJ eW aO., 

2023). HRZeYeU, fLQaO JXLdeOLQeV WKaW VWaQd RQ a cOeaU aQd XQeTXLYRcaO fRXQdaWLRQ Rf ePSLULcaO 

eYLdeQce aUe \eW WR fRUPXOaWe (PaXO eW aO., 2022).  

FLQaOO\, Ze ZaQW WR ePSKaVL]e WKe LPSRUWaQce Rf fXUWKeU LQYeVWLJaWLQJ WKe PecKaQLVPV 

LQYROYed LQ WUaQVOaWLQJ QeXUaO LQdLceV Rf YXOQeUabLOLW\ LQWR cOLQLcaO aQ[LeW\ aQd LWV dLYeUVe faceWV. 

IQ WKLV cRQWe[W, SUeYLRXV UeVeaUcK (e.J., Me\eU, 2017; WeLQbeUJ eW aO., 2022) KaV fUeTXeQWO\ 

LQYRNed WKe dLaWKeVLV-VWUeVV PRdeO, deVcULbLQJ SV\cKRSaWKRORJ\ (L.e., aQ[LeW\ aQd RbVeVVLYe-

cRPSXOVLYe V\PSWRPV) aV a UeVXOW Rf WKe LQWeUSOa\ beWZeeQ SUedLVSRVLWLRQaO YXOQeUabLOLW\ (L.e., 

eQKaQced ERN) aQd VWUeVV (L.e., adYeUVe OLfe eYeQWV). AOWKRXJK KeLJKWeQed eUURU PRQLWRULQJ 

XQeTXLYRcaOO\ LQdLcaWeV ULVN fRU cOLQLcaO aQ[LeW\, RbVeVVLRQV, aQd cRPSXOVLRQV (e.J., RLeVeO, 

KOaZRKQ, eW aO., 2019; SaXQdeUV & IQ]OLcKW, 2020), RQO\ a VXbVeW Rf LQdLYLdXaOV ZLWK aQ eQKaQced 

ERN deYeORSV a dLVRUdeU. BXLOdLQJ RQ WKe dLaWKeVLV-VWUeVV PRdeO, LQVWaQceV Rf adYeUVe OLfe eYeQWV, 

VXcK aV LQWeUSeUVRQaO VWUeVV (BaQLca eW aO., 2020), a QaWXUaO dLVaVWeU (Me\eU eW aO., 2017), RU a 

SaQdePLc (RLeVeO eW aO., 2021) aSSeaU WR PRdeUaWe WKe aVVRcLaWLRQ beWZeeQ eQKaQced eUURU 

PRQLWRULQJ aQd WKe deYeORSPeQW Rf aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe V\PSWRPV. AV SUeYLRXV 

UeVeaUcK VXJJeVWV, KeLJKWeQed eUURU PRQLWRULQJ Pa\ VSecLfLcaOO\ cRQWULbXWe WR WKe deYeORSPeQW Rf 

ceUWaLQ aQ[LeW\ aQd RbVeVVLYe-cRPSXOVLYe dLVRUdeUV, SaUWLcXOaUO\ WKRVe cKaUacWeUL]ed b\ aQ[LRXV 
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aSSUeKeQVLRQ (MRVeU eW aO., 2013; SaXQdeUV & IQ]OLcKW, 2020). MRUeRYeU, WKeUe LV eYLdeQce WKaW 

QRW RQO\ VWUeVVfXO OLfe eYeQWV (L.e., eQYLURQPeQWaO facWRUV) VeUYe aV PRdeUaWRUV bXW aOVR RWKeU 

feaWXUeV Rf a SeUVRQ (L.e., LQdLYLdXaO facWRUV), VXcK aV a beKaYLRUaO LQKLbLWLRQ (LaKaW eW aO., 2014; 

McDeUPRWW eW aO., 2009) RU Ve[ (MRVeU eW aO., 2016), LQ cRQMXQcWLRQ ZLWK eQKaQced eUURU 

PRQLWRULQJ, SOa\ a UROe LQ WKe ePeUJeQce Rf cOLQLcaO aQ[LeW\. IQ OLJKW Rf WKeVe RbVeUYaWLRQV, Ze 

beOLeYe WKaW WKe UeVeaUcK fLeOd ZRXOd QRWabO\ beQefLW fURP WKe fRUPXOaWLRQ Rf a PRUe deWaLOed aQd 

LQWeJUaWLYe eWLRORJLcaO PRdeO deOLQeaWLQJ WKe WUaMecWRULeV WR SV\cKRSaWKRORJ\ ZLWK WeVWabOe 

SUedLcWLRQV. IQ RXU RSLQLRQ, WKLV PRdeO VKRXOd cRQVLdeU (a) WKe JeQeUaO fRUPaWLRQ Rf aQ LQcUeaVed 

RU decUeaVed WUaLW-OLNe ERN b\ YaULRXV eaUO\-acWLQJ facWRUV (e.J., JeQeWLcV, cRJQLWLYe cRQWURO, RU 

SaUeQWLQJ VW\Oe), (b) WKe LQWeUSOa\ Rf aQ eQKaQced RU dLPLQLVKed WUaLW-OLNe ERN ZLWK 

eQYLURQPeQWaO (e.J., adYeUVe OLfe eYeQWV) aQd LQdLYLdXaO facWRUV (e.J., Ve[ RU beKaYLRUaO LQKLbLWLRQ) 

UeVXOWLQJ LQ eLWKeU LQWeUQaOL]LQJ RU e[WeUQaOL]LQJ dLVRUdeUV, aQd (c) WKe cKaUacWeUL]aWLRQ Rf WKeVe 

dLVRUdeUV b\ VSecLfLc faceWV (e.J., LPSXOVLYLW\ RU aQ[LRXV aSSUeKeQVLRQ).  

IQ cRQcOXVLRQ, UeVXOWV Rf WKe SUeVeQW VWXd\ cKaOOeQJe WKe aVVXPSWLRQ Rf a dLVRUdeU-VSecLfLc 

aVVRcLaWLRQ ZLWK eQKaQced eUURU PRQLWRULQJ. IQVWead, RXU daWa LQdLcaWe WKaW eQKaQced 

SeUfRUPaQce PRQLWRULQJ LV PRUe bURadO\ aVVRcLaWed ZLWK LQWeUQaOL]LQJ SV\cKRSaWKRORJ\. 

MRUeRYeU, LQ cRQWUaVW WR WKe OLPLWed e[LVWLQJ OLWeUaWXUe, RXU UeVXOWV VXJJeVW WKaW eQKaQced eUURU 

PRQLWRULQJ Pa\ aOVR SOa\ a UROe LQ VSecLfLc SKRbLa. OXU daWa fXUWKeU eQdRUVe WKe VXJJeVWed UROe Rf 

eOeYaWed SeUfRUPaQce PRQLWRULQJ aV a QeXUaO ULVN PaNeU UefOecWLQJ YXOQeUabLOLW\ fRU LQWeUQaOL]LQJ 

dLVRUdeUV, aV UefOecWed b\ WKe aVVRcLaWLRQ Rf LQcUeaVed ERN aQd CRN aPSOLWXdeV ZLWK faPLO\ ULVN 

fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\. AddLWLRQaOO\, RXU fLQdLQJV LQdLcaWe KeLJKWeQed SeUfRUPaQce 

PRQLWRULQJ LV OLQNed WR aQ[LRXV aSSUeKeQVLRQ, SaUWLcXOaUO\ LQ ZRPeQ, ZKLOe QR VXcK aVVRcLaWLRQ 

ZaV RbVeUYed LQ PeQ RU ZLWK aQ[LRXV aURXVaO. NRWabO\, WKLV aVVRcLaWLRQ LV QRW cRQWLQJeQW XSRQ 
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cOLQLcaO VWaWXV, LPSO\LQJ WKaW WKe VWUeQJWK Rf WKLV OLQN UePaLQV cRQVLVWeQW acURVV bRWK cOLQLcaO aQd 

QRQcOLQLcaO LQdLYLdXaOV. IQ eVVeQce, RXU VWXd\ VXSSRUWV WKe QRWLRQ WKaW eQKaQced QeXUaO LQdLceV Rf 

SeUfRUPaQce PRQLWRULQJ VeUYe aV a bURad ULVN PaUNeU fRU LQWeUQaOL]LQJ SV\cKRSaWKRORJ\, 

SaUWLcXOaUO\ ZLWKLQ WKe aQ[LeW\- aQd RbVeVVLYe-cRPSXOVLYe VSecWUXP, ZLWKRXW VSecLf\LQJ 

SaUWLcXOaU dLVRUdeU caWeJRULeV ZLWKLQ WKaW VSecWUXP. DLPeQVLRQaO aQaO\VeV aOVR VXJJeVW a OLQN WR 

WKe WUaQVdLaJQRVWLc aQ[LeW\ dLPeQVLRQ Rf aQ[LRXV aSSUeKeQVLRQ LQ ZRPeQ, VSaQQLQJ acURVV 

dLaJQRVWLc caWeJRULeV. FXWXUe UeVeaUcK eQdeaYRUV VKRXOd aLP aW XQUaYeOOLQJ WKe WUaMecWRULeV 

OeadLQJ WR LQWeUQaOL]LQJ SV\cKRSaWKRORJ\ b\ e[aPLQLQJ WKe cRPSOe[ LQWeUSOa\ beWZeeQ WKe 

SUedLVSRVLWLRQ fRU eQKaQced SeUfRUPaQce PRQLWRULQJ aQd YaULRXV bLRORJLcaO, SV\cKRORJLcaO, aQd 

eQYLURQPeQWaO facWRUV.  
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SUPPLEMENTARY MATERIALS 

Figures 

 

Figure S1 

Output with Specifications of the A Priori Sample Size Calculation Using G*Power, 
version 3.1.9.6. 
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Figure S2 

Grand-Averaged Waveforms and Corresponding Topographies for Error and Correct Trials of the Clinical Groups and the Healthy 
Control Group. 

 

Note. Response-locked grand-averaged waveforms of erroneous and correct trials of each group (A, B). OCD = Obsessive-Compulsive 
Disorder; SAD = Social Anxiety Disorder; PHOB = Specific Phobia; HC = Healthy Control Group. N = 151. 

  



Supplementary Materials: Härpfer et al. – Enhanced performance monitoring as a transdiagnostic risk marker 

3 
 

 

Tables 

 

Table S1 

Decomposition of Current Clinical Diagnoses across the Diagnostic Groups. 

 
Overall 
(n=156) 

OCD 
(n=39) 

SAD 
(n=39) 

PHOB 
(n=39) 

CON 
(n=39) Comparison 

 N n n n n F2 df p 
Depression 64 22 25 15 2 33.28 3 <.001 
Specific Phobia 49 5 5 39 0 115.54 3 <.001 
Social Anxiety Disorder 46 6 39 1 0 126.90 3 <.001 
Obsessive-Compulsive Disorder 40 39 1 0 0 150.89 3 <.001 
Sleeping Disorder 20 9 4 6 1 7.80 3 .050 
Post-Traumatic Stress Disorder 11 3 5 2 1 3.42 3 .331 
Generalized Anxiety Disorder 10 3 4 3 0 3.85 3 .279 
Agoraphobia 6 2 3 1 0 3.47 3 .325 
Somatisation & Health Anxiety 5 4 1 0 0 8.89 3 .031 
Panic Disorder 5 2 1 2 0 2.27 3 .518 
Tic Spectrum 4 0 3 0 1 6.16 3 .104 
Externalizing Spectrum 4 0 2 2 0 4.11 3 .250 
Eating Disorder & Body Dysmorphia 3 3 0 0 0 9.18 3 .027 
Separation Anxiety 1 0 1 0 0 3.02 3 .389 
Total Number of Diagnoses 268 98 94 71 5    

Note. Sorted by overall frequency; obsessive-compulsive Disorder (OCD), social anxiety disorder (SAD), specific phobia (PHOB), 
control group (CON); tic spectrum includes skin picking, trichotillomania, and hoarding; externalizing spectrum includes attention deficit 
hyperactivity disorder and intermittent explosive disorder. N = 156. 

p <.05 printed in bold
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p < .05 are printed in bold. 
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Table S3 

Electrophysiological and Behavioral Data of the Clinical and Family Risk Groups. 

 
Nonclinical + 

No Risk 
(n = 19) 

 Nonclinical + 
Risk 

(n = 15) 

 Clinical +  
No Risk 
(n = 34) 

 Clinical +  
Risk  

(n =88) 
 M SD  M SD  M SD  M SD 

ERPs            
ERN (PV) -1.94 2.78  -3.40 2.38  -3.26 3.06  -4.34 3.88 
CRN (PV) 1.29 1.90  0.43 2.65  0.75 2.08  0.00 2.60 

Behavior            
Accuracy (%) 86.26 7.39  83.65 12.77  87.18 7.18  84.94 8.28 
RT correct (ms) 428.59 42.49  424.73 54.09  421.29 44.54  424.57 44.75 
RT incorrect (ms) 386.85 69.93  366.40 61.29  357.91 64.06  355.01 53.18 
PES (ms) 27.04 21.44  48.71 30.85  37.63 25.05  43.51 26.59 

Note. ERPs = event-related potentials; ERN = error-related negativity (mean amplitude 0 – 100 ms at FCz); 
CRN = correct-response negativity (mean amplitude 0 – 100 ms at FCz); RT = response time; PES = post-
error slowing. N = 156. 
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Table S6 

ANCOVA Results of the Effects of Clinical Status of an Internalizing Disorder and Family Risk 
for Internalizing Psychopathology on the ERN and CRN Using Different Scoring Approaches. 

 F df 𝜂௣ଶ p 
Baseline -500 to -300ms     

Mean Amplitude     
Response  19.10 1, 150 0.11 <.001 
Response × Clinical 0.69 1, 150 0.01 .406 
Response × FHS Internalizing 0.54 1, 150 0.00 .466 
Response × Clinical × FHS Internalizing 0.03 1, 150 0.00 .860 
Clinical  3.32 1, 150 0.02 .071 
Clinical × FHS Internalizing 0.12 1, 150 0.00 .731 
FHS Internalizing 4.35 1, 150 0.03 .039 

Adaptive Mean     
Response  18.37 1, 150 0.11 <.001 
Response × Clinical 1.18 1, 150 0.01 .278 
Response × FHS Internalizing 0.08 1, 150 0.00 .780 
Response × Clinical × FHS Internalizing 0.02 1, 150 0.00 .882 
Clinical  4.01 1, 150 0.03 .047 
Clinical × FHS Internalizing 0.05 1, 150 0.00 .822 
FHS Internalizing 2.78 1, 150 0.02 .098 

Baseline -200 to 0ms     
Mean Amplitude     

Response  23.26 1, 150 0.13 <.001 
Response × Clinical 1.03 1, 150 0.01 .313 
Response × FHS Internalizing 0.13 1, 150 0.00 .719 
Response × Clinical × FHS Internalizing 0.26 1, 150 0.00 .613 
Clinical  6.40 1, 150 0.04 .012 
Clinical × FHS Internalizing 0.02 1, 150 0.00 .902 
FHS Internalizing 0.03 1, 150 0.00 .861 

Adaptive Mean     
Response  22.95 1, 150 0.13 <.001 
Response × Clinical 1.64 1, 150 0.01 .203 
Response × FHS Internalizing 0.41 1, 150 0.00 .524 
Response × Clinical × FHS Internalizing 0.21 1, 150 0.00 .651 
Clinical  8.69 1, 150 0.06 .004 
Clinical × FHS Internalizing 0.07 1, 150 0.00 .791 
FHS Internalizing 0.35 1, 150 0.00 .553 

Baseline Independent     
Peak-to-Peak     

Response  10.57 1, 150 0.07 .001 
Response × Clinical 1.99 1, 150 0.01 .160 
Response × FHS Internalizing 1.08 1, 150 0.01 .300 
Response × Clinical × FHS Internalizing 0.92 1, 150 0.01 .340 
Clinical  4.85 1, 150 0.03 .029 
Clinical × FHS Internalizing 0.20 1, 150 0.00 .652 
FHS Internalizing 2.99 1, 150 0.02 .086 

Note. ERN = error-related negativity; CRN = correct-response negativity; FHS = Family History 
Screen (no risk, risk); groups (nonclinical, clinical); response (correct, incorrect); mean 
amplitude (0 – 100 ms); adaptive mean around the peak (r 20 ms); peak-to-peak (difference 
between most positive pre-response and most negative post-response peak); all quantifications 
were based on electrode FCz. Analyses were controlled for error response time and post-error 
slowing, as these performance variables differed between the respective groups. N = 156. 
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In the Face of Potential Harm: The Predictive
Validity of Neural Correlates of Performance
Monitoring for Perceived Risk, Stress, and
Internalizing Psychopathology During the
COVID-19 Pandemic
Anja Riesel, Kai Härpfer, Norbert Kathmann, and Julia Klawohn

ABSTRACT
BACKGROUND: The COVID-19 pandemic is a major life stressor posing serious threats not only to physical but also
to mental health. To better understand mechanisms of vulnerability and identify individuals at risk for
psychopathological symptoms in response to stressors is critical for prevention and intervention. The error-related
negativity (ERN) has been discussed as a neural risk marker for psychopathology, and this study examined its
predictive validity for perceived risk, stress, and psychopathological symptoms during the COVID-19 pandemic.
METHODS: A total of 113 individuals who had participated as healthy control participants in previous electroen-
cephalography studies (2014–2019) completed a follow-up online survey during the first COVID-19 wave in Germany.
Associations of pre-pandemic ERN and correct-response negativity (CRN) with perceived risk regarding COVID-19
infection, stress, and internalizing symptoms during the pandemic were examined using mediation models.
RESULTS: Pre-pandemic ERN and CRN were associated with increased perceived risk regarding a COVID-19
infection. Via this perceived risk, the ERN and CRN were associated with increased stress during the pandemic.
Furthermore, risk perception and stress mediated indirect effects of ERN and CRN on internalizing
psychopathology, including anxiety, depression, and obsessive-compulsive symptoms, while controlling for the
effects of pre-pandemic symptom levels.
CONCLUSIONS: In summary, heightened pre-pandemic performance monitoring showed indirect associations with
increases in psychopathological symptoms during the first COVID-19 wave via effects on perceived COVID-19 risk
and stress. These results further strengthen the notion of performance monitoring event-related potentials as
transdiagnostic neural risk markers and highlight the relevance of stress as a catalyst for symptom development.

https://doi.org/10.1016/j.bpsgos.2021.08.004

In March 2020, the World Health Organization declared the
outbreak of COVID-19 as a worldwide pandemic. Since then,
this pandemic has had a profound impact on life, requiring
individuals to adapt to changing circumstances and new
hardships. A growing number of reports suggest that the
COVID-19 pandemic has led to increased levels of anxiety and
distress (1–6). At the same time, psychopathological effects of
the pandemic differ across individuals, and our understanding
of the pathways to anxiety and depression and the identifica-
tion of individuals at risk for mental illness is critical for the
development of targeted intervention and prevention.

Neuroscience methods, including event-related potentials
(ERPs), are gaining importance for studying mechanisms that
lead to mental disorders. This line of research strives to identify
biomarkers informing models of pathomechanisms and pre-
dictions of future psychopathology (7), particularly under
conditions of stress (8–12). The error-related negativity (ERN)

(13) is of particular interest in this regard and has been high-
lighted as a promising transdiagnostic risk marker (14). The
ERN is a well-validated neural marker of error processing with
good psychometric properties (15), observable as a sharp
negativity over frontocentral brain regions after errors. The
corresponding ERP on correct responses, the correct-
response negativity (CRN), has been studied to a lesser
extent. Existing findings point toward the CRN representing
broader general performance monitoring functions shared
between both correct and incorrect actions, whereas an
additional error-specific process is present only after incorrect
responses (16,17). Both ERPs are assumed to be generated by
activity in the midcingulate cortex, specifically the anterior
cingulate cortex (18,19), and are thought to prompt adaptive
responses with the aim to avoid harm (20,21). Variations in
ERN and CRN are assumed to be trait like, shaped by genes
(22), learning history (23–25), and situational demands
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(13,26–28). Furthermore, variations in ERN magnitude have
been linked to individual differences in harm avoidance (14),
anxious apprehension (29), or threat sensitivity (30). Similarly,
increased ERN amplitudes are shared by disorders such as
obsessive-compulsive disorder (OCD) and various anxiety
disorders, including generalized and social anxiety disorder
[e.g., (31,32)]. In contrast to ERN, CRN variations have been
less frequently studied in relation to traits and psychopathol-
ogy, and alterations have been reported less consistently.
However, one exception is an association between elevated
CRN and OCD, which has been shown repeatedly (33), sug-
gesting changes not only in error-specific but also in general
performance monitoring processes (16) and a possible asso-
ciation with increased concern about the correctness of ac-
tions even in the absence of errors.

Beyond this observed cross-sectional association of the
ERN with psychopathology, a growing number of studies
support that alterations in ERN magnitude represent a
neural vulnerability marker preceding symptom develop-
ment. Alterations in ERN are present in healthy individuals
with increased familial risk for OCD or anxiety (14,34,35),
and increased ERN amplitudes persist after symptom
improvement by psychotherapy in OCD and anxiety
(36–39), suggesting that they are not a consequence of
symptoms. Moreover, the ERN can be used to predict
symptom onset across different disorders (9,11,40). In
concert, these findings underscore that ERN alterations
can lead to maladaptive behaviors and mental disorders,
further highlighting its critical role in mental health. How-
ever, the relationship between alterations in performance
monitoring and the development of symptoms is complex,
and its role in psychopathological trajectories is still poorly
understood. Existing findings highlight the ERN as a po-
tential endophenotype for internalizing psychopathology
[e.g., (14)], suggesting that it may play an important
mediating role on the pathways from genetic risk to psy-
chopathological phenotypes (41,42). More recently, the
role of stress as a catalyst in this relationship has been
emphasized (11,43). Few studies to date have used ERPs
to investigate reactions to real-life stressors. One study in
children showed that the ERN prospectively predicted
response to a natural disaster in that youths with initially
higher ERN amplitudes showed stronger increases in
anxiety after the event (8). Similarly, an increased ERN has
been shown to render individuals more susceptible to the
adverse effects of interpersonal stress during transition to
university, thereby increasing risk for heightened anxiety
(8). This growing evidence supports an involvement of the
ERN in the emergence of stress susceptibility (43).
Nevertheless, the mechanisms by which performance
monitoring ERPs influence stress susceptibility and
symptom development remain poorly understood, a
research gap that this study aims to address.

The COVID-19 pandemic, as a major real-life stressor, pro-
vides a unique research environment to investigate the hy-
pothesis that overactive performance monitoring (i.e., ERN and
CRN) translates into psychopathology through heightened risk
perceptionand its effectson stress.Weexplored theassociation
of pre-pandemic ERN and CRN in previously healthy partici-
pants (2014–2019) (14,44,45) with self-reported perceived risk,

stress, and psychopathological symptom dimensions, such as
anxiety, depression, and obsessive-compulsive symptoms
during the first COVID-19 wave in Germany.

METHODS AND MATERIALS

Participants

We invited 317 adults who had participated as healthy com-
parison participants in three previous electroencephalography
studies conducted at Humboldt-Universität zu Berlin (14,44,45)
to an online survey and clinical phone interview. The invitation
was accepted by 140 participants (44.2%), but only 123
(38.8%) completed all questionnaires and 121 (38.2%) could
be interviewed on the phone. Two participants reported that
they had tested positive for COVID-19 at that time and were
omitted from data analysis because asking for the perceived
risk of an infection or severe course became obsolete. In
addition, 8 participants were excluded because ,6 error
segments were available for ERN assessment (46). The final
sample consisted of 113 participants (62.8% female) aged
20–63 years (mean = 33.47, SD = 10.35). These participants
did not differ from the full participant pool in age (t315 =20.699,
p = .485), gender (c2

3,317 = 3.058, p = .080), trait anxiety
(Spielberger State-Trait Anxiety Inventory [STAI-T]) (t315 =
0.034, p = .973), depressive symptoms (Beck Depression
Inventory-II [BDI-II]) (t315 = 0.227, p = .820), obsessive-
compulsive symptoms (Obsessive-Compulsive Inventory-
Revised [OCI-R]) (t315 = 0.266, p = .790), CRN (t311 = 20.32,
p = .751), and ERN (t296 = 20.07, p = .947).

Procedure

Baseline assessments were conducted during study partici-
pation in previous projects, between 0.83 and 5.38 years
(mean = 2.87, SD = 1.51) prior to this investigation. Electro-
physiological data of all participants had been recorded using
a flanker task, and detailed study information and cross-
sectional results have been reported elsewhere (14,44,45).
However, raw data were reprocessed for this study to ensure
identical procedures (details below). Participants who had
agreed to be recontacted for future studies during initial study
participation received information of the objectives and
methods of this investigation. Those who agreed to participate
then completed several online questionnaires and were inter-
viewed via phone based on the Structured Clinical Interview for
DSM-IV (47). Clinical data were collected between February 11
and May 19, 2020, while COVID-19 infection rates and media
reports were rising across Europe and in Germany. For refer-
ence, the first case of COVID-19 infection in Germany was
confirmed on January 29, 2020, and federal contact re-
strictions were implemented on March 23, 2020. The study
procedures were in accordance with the Declaration of Helsinki
as approved by the local ethics committee. Participants gave
informed consent prior to the baseline and follow-up assess-
ment and received a monetary compensation of V15 for the
follow-up assessment.

Measures

The follow-up online survey consisted of several question-
naires: depressive symptoms were assessed with BDI-II (21
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items; 4-point Likert scale 0–3; Cronbach’s a = 0.90) (48,49),
obsessive-compulsive symptoms with OCI-R (18 items; 5-
point Likert scale 0–4; a = 0.88) (50,51), and trait anxiety us-
ing the trait subscale of STAI-T (4-point Likert scale 1–4; a =
0.92) (52,53). Stress was assessed using the Stress and
Coping Inventory (SCI) (21 items; 5-point Likert scale 1–7; a =
0.88) (54), including the subscales strain, stress symptoms,
and coping strategies. Perceived COVID-19 risk was measured
by the average of 2 items (Likert scale 0–100; a = 0.69) asking
participants to rate “How likely do you think you will become
infected with COVID-19 within the next month?” and “How
likely do you think you would experience a severe course of
COVID-19, if you were infected?” As a measure of objective
risk regarding COVID-19, participants were asked to self-
categorize whether or not they have an increased risk of
infection, including occupation (e.g., employment in health
care, retail, or public transportation) and risk of a more severe
course due to known medical risk factors (e.g., age over 60
years, overweight, hypertension).

Task

At the initial assessment, participants performed a modified
arrow version of the flanker task (36) presented on a 19-inch
liquid crystal display monitor in a dimly lit, electrically shiel-
ded cabin. Sets of 5 vertically aligned arrows, including 1
target and 4 flanker arrows (set size approximately 2.5! 3 2.5!),
were presented using Presentation Software (Neurobehavioral
Systems, Inc.) with a fixation phase (200–1200 ms), stimulus
presentation (100 ms), and a response window (maximum
1000 ms). Half of the stimuli were incongruent (i.e., target arrow
pointed in the opposite direction); 480 stimuli were presented
pseudorandomly. Participants were instructed to indicate di-
rection of the target arrow as fast and accurately as possible.
One study (44) provided performance feedback to the partici-
pants in between blocks, whereas the other two studies
repeated the instruction irrespective of performance. Elicited
ERPs did not differ between projects, neither for ERN (F2,110 =
1.02, p = .365) nor for CRN (F2,110 = 2.30, p = .106).

Electrophysiological Recording and Processing

Electrophysiological activity was recorded using 64 Ag/AgCl
electrodes and two 32-channel BrainAmp amplifiers (Brain
Products GmbH). Electrodes were mounted on a cap with
equidistant layout (Easycap). Additional electrodes were
placed at nasion, neck, and left infraorbital site and a ground
electrode on the right cheek; Cz served as recording reference.
Impedances were kept below 5 kU. The continuous signal was
recorded with a low-cutoff time constant of 10 seconds and a
high-cutoff frequency of 250 Hz. Sampling rate was 1000 Hz.

Data were processed with Brain Vision Analyzer 2.2 (Brain
Products GmbH). The electroencephalogram was filtered by
zero phase shift Butterworth bandpass filters from 0.1 to 30 Hz
(24 dB/octave roll-off) and a 50-Hz notch filter. Ocular artifacts
were removed using independent component analysis (55);
components were semiautomatically identified by visual in-
spection. After re-referencing electroencephalography data to
the common average of all scalp electrodes, response-locked
segments were epoched from 2500 to 1000 ms and baseline
corrected using the 2500 to 2300-ms interval (15). Segments

with artifacts were automatically removed if there was a
voltage step.50 mV between data points, the absolute voltage
range exceeded 6200 mV, or the voltage was ,0.5 mV within
100-ms intervals. Average data loss due to artifact rejection
was small (mean = 0.57%, SD = 1.22), and no participant had
.25% excluded segments. Segments were discarded (mean =
12.24%, SD = 13.68) if response times were,100 or.800 ms;
remaining segments were averaged separately for correct and
erroneous responses. The ERN and CRN were scored as the
mean activity from 0 to 100 ms after response at electrode
FCz, where signals were maximal. Both ERPs had excellent
psychometric properties as reflected by the Spearman-Brown–
corrected split-half reliability of odd and even trials (rERN = 0.87,
rCRN = 0.99).

Data Analysis

Statistical analyses were conducted with SPSS version 25.0
(IBM Corp.) using a two-tailed a = 0.05. Pearson correlations
were conducted to determine associations between variables
at baseline and follow-up.

Exploratively, a series of mediation models was tested to
examine effects of baseline ERPs on risk, stress, and symp-
toms during the pandemic. Mediation analyses were con-
ducted using the PROCESS Macro for SPSS, version 3.5 (56),
applying model 4 for simple mediation and model 6 for the
serial mediation models to calculate 95% confidence intervals
(CIs) around the indirect effect with 5000 bootstrap resamples.
Because time between baseline and follow-up varied between
participants, this was included as covariate in all mediation
models. We used separate mediation models using the ERN
and CRN, respectively, as predictors and self-reported expe-
rienced stress during the pandemic as outcome, with
perceived COVID-19 risk as the mediator. In addition, speci-
ficity was examined by computing similar models with objec-
tive risk as the mediator and other ERPs as predictors.

Because experienced stress was closely related to symp-
toms during the pandemic (Table 1), we additionally tested
indirect effects of ERN and CRN via perceived risk and stress
on these symptoms in another set of models including two
serial mediators. Baseline ERN or CRN, respectively, were
used as predictors, while follow-up perceived COVID-19 risk
and self-reported stress were included as serial mediators in
the prediction of symptoms. Separate models were applied to
predict symptoms of anxiety, OCD, and depression at follow-
up, while controlling for the respective symptoms at baseline
as covariates.

RESULTS

Table 1 shows demographic and clinical characteristics;
Table S1 presents frequencies of new-onset diagnoses.
Pearson correlation coefficients for associations between
ERPs at baseline and symptoms measured at baseline and
follow-up are presented in Table 2. A depiction of individual
symptom changes between time points is shown in the
Supplement (Figure S1). Neither the ERN nor CRN assessed at
baseline was directly related to stress (SCI) or symptoms (BDI-
II, STAI-T, OCI-R). However, significant negative correlations
between ERN and CRN and perceived COVID-19 risk at follow-
up were present, indicating that larger (i.e., more negative) ERN
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and CRN amplitudes were associated with higher perceived
COVID-19 risk estimates. The scatterplots for the associations
between pre-pandemic ERN and CRN and perceived COVID-
19 risk, as well as grand averages incorporating a median
split regarding risk estimates to further visualize these asso-
ciations, are shown in Figure 1. Perceived risk showed a

significant positive correlation with objective risk. However,
objective risk was not related to the ERN and CRN. Further-
more, perceived stress (SCI) during the pandemic was signif-
icantly correlated with depressive (BDI-II), anxious (STAI-T),
and obsessive-compulsive (OCD-R) symptoms, whereas
perceived COVID-19 risk was only correlated with BDI-II
scores. Among the three symptom dimensions, STAI-T and
BDI-II were strongly correlated with each other, while both
were only moderately correlated with OCI-R.

A mediation model testing perceived risk as mediator
between pre-pandemic ERN and stress at follow-up indi-
cated a significant total model (F3,109 = 4.591, p = .005,
R2 = 0.112) (see Figure 2 for all coefficients). Importantly,
while the direct effect of baseline ERN and stress at
follow-up was not significant (c0 = 0.605, SE = 0.380, t =
1.591, p = .115, 95% CI 20.149 to 1.358), the indirect
effect of baseline ERN and stress during the pandemic via
the perceived COVID-19 was significant (ab = 20.240,
SE = 0.120, 95% CI 20.497 to 20.032). The analogous
mediation model with baseline CRN as predictor of stress
at follow-up was also significant (F3,109 = 3.665, p = .015,
R2 = 0.092). Again, there was no significant direct effect
on stress (c0 = 20.049, SE = 0.594, t = 20.083, p = .934,
95% CI 21.226 to 1.128), but the indirect effect via
perceived COVID-19 risk was significant (ab = 20.437,
SE = 0.260, 95% CI 21.034 to 20.036).

To examine potential distinct contributions of the ERN and
CRN, we used the residualized ERN (residuals from a regres-
sion of CRN on ERN) as predictor of stress via risk perception.
This model was not significant (Figure S2), suggesting that
these results are rather driven by the overlap of both compo-
nents than an error-specific process. Accordingly, a mediation
model using the arithmetic mean of the ERN and CRN as
predictor indicated a significant indirect effect on stress via

Table 1. Demographic, Self-report/Clinical, and ERP Data
in the Baseline and Follow-up Sample

Variable Baseline Follow-up

Demographic Data

Gender, female/male, n 71/42 71/42

Age, years 30.84 (10.17) 33.47 (10.35)

Clinical Data

BDI-II 5.07 (5.97) 6.05 (6.56)

OCI-R 9.07 (8.31) 9.10 (8.64)

STAI-T 36.96 (9.08) 36.89 (9.27)

SCI – 43.25 (16.71)

COVID-19 perceived riska – 23.01 (20.67)

COVID 19 objective risk, risk/no riskb – 38/75

ERP Data

CRN at FCz, mV 0.62 (2.70) –

ERN at FCz, mV 24.55 (4.06) –

Values are presented as mean (SD) unless otherwise indicated.
N = 113.

BDI-II, Beck Depression Inventory-II; CRN, correct-response
negativity; ERN, error-related negativity; ERP, event-related potential;
OCI-R, Obsessive-Compulsive Inventory-Revised; SCI, Stress and
Coping Inventory; STAI-T, Spielberger State-Trait Anxiety Inventory–
Trait subscale.

aAveraged perceived risk of infection and severe course of disease.
bDichotomous self-categorization of personal risk for COVID-19

based on occupation and medical factors.

Table 2. Bivariate Correlations of ERPs With COVID-19 Risk, Stress, and Symptom Measures

Variable 1 2 3 4 5 6 7 8 9 10 11

Baseline

1 ERN 0.87 – – – – – – – – – –

2 CRN 0.62a 0.99 – – – – – – – – –

3 BDI-II 0.11 20.03 0.90 – – – – – – – –

4 OCI-R 0.14 0.01 0.35a 0.86 – – – – – – –

5 STAI-T 0.13 0.02 0.72a 0.44a 0.92 – – – – – –

Follow-up

6 COVID-19 objective risk 0.11 0.04 0.17 0.12 0.24b 0.03 – – – – –

7 COVID-19 perceived risk 20.19b 20.25c 0.01 0.06 0.05 0.33a 0.69 – – – –

8 SCI 0.08 20.10 0.39a 0.36a 0.47a 0.30c 0.27c 0.88 – – –

9 BDI-II 0.07 20.14 0.59a 0.40a 0.52a 0.26c 0.24b 0.66a 0.90 – –

10 OCI-R 0.04 20.04 0.25c 0.63a 0.34a 0.12 0.08 0.47a 0.40a 0.88 –

11 STAI-T 0.13 20.01 0.65a 0.43a 0.74a 0.22b 0.15 0.57a 0.78a 0.43a 0.92

Baseline refers to pre-pandemic assessment. Follow-up refers to assessment during pandemic. COVID-19 objective risk refers to averaged
objective risk for COVID-19 based on occupation and medical factors, and COVID-19 perceived risk refers to averaged perceived risk of
infection and severe course of disease. Correlations are displayed as Pearson’s r; psychometric properties depicted in the diagonal with
Spearman-Brown–corrected split-half reliability for ERP data and Cronbach’s alpha for questionnaire data. N = 113.

BDI-II, Beck Depression Inventory-II; CRN, correct-response negativity; ERN, error-related negativity; OCI-R, Obsessive-Compulsive Inventory-
Revised; SCI, Stress and Coping Inventory; STAI-T, Spielberger State-Trait Anxiety Inventory–Trait subscale.

ap , .001.
bp , .05.
cp , .01.

ERN and CRN Predict COVID-19 Stress and Symptoms

Biological Psychiatry: Global Open Science December 2021; 1:300–309 www.sobp.org/GOS 303

Biological
Psychiatry:
GOS

http://www.sobp.org/GOS


perceived risk (Figure S3). Furthermore, mediation models
examining whether objective risk mediated an association
between pre-pandemic ERN or CRN and stress at follow-up
did not reach significance, supporting a specific role of

perceived risk (Figures S4 and S5). To further probe specificity
for the ERN and CRN, Pe on error trials and stimulus-locked
N2 for correct trials were tested as predictors. None of these
models reached significance (Tables S5 and S6).

Figure 1. Grand average waveforms for error and correct trials as a function of COVID-19 risk (median split in high and low) and scatterplots for the error-
related negativity (ERN) and the correct-response negativity (CRN) with COVID-19 risk. (A) The upper left panel shows grand average waveforms for error trials
measured before the pandemic, split by individuals indicating high (i.e., above median) and low (i.e., below median) perceived COVID-19 risk, and scalp
distribution of the high vs. low-risk difference (0–100 ms). Shading around waveforms indicates standard errors at the respective time point. The upper right
panel displays the scatterplot for the association of the ERN at the pre-pandemic baseline and perceived COVID-19 risk at follow-up. (B) The lower left panel
shows grand average waveforms and scalp distribution for correct trials; the lower right panel displays the respective scatterplot for the CRN and perceived
COVID-19 risk. T1, follow-up during pandemic.

Figure 2. Mediation model with pre-pandemic
error-related negativity (ERN) as predictor of stress
at follow-up and COVID-19 risk as mediator. Time
between baseline and follow-up is controlled for by
implementation as covariate in the model. *p , .05.
SCI, Stress and Coping Inventory.
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Using serial mediation models, we examined the indirect
effects of ERN and CRN on psychopathology while correcting
for the respective baseline symptoms. For the three models
using STAI-T, BDI-II, and OCI-R at follow-up as outcome
variables, an indirect effect of ERN on symptoms, mediated via
perceived risk and stress, was observed (Table 3 for all co-
efficients and Figure 3 for the exemplary model). Similarly, the
serial mediation models to predict symptoms from the CRN at
baseline indicated indirect effects through perceived COVID-
19 risk and stress (Table 4).

DISCUSSION

To our knowledge, this study is among the first longitudinal
studies to investigate the utility of neural correlates to predict
behavioral and clinical outcomes in the context of the COVID-19
pandemic. Previous research has identified overactive perfor-
mance monitoring ERPs (i.e., ERN and CRN) as risk markers for
internalizing disorders (9,14,31,38), but the underlying pathways
and the role of stress are still largely unclear (11,43). This study
revealed the following key findings. Both the ERNandCRNwere
prospectively associated with risk perception regarding COVID-
19. Moreover, this perceived COVID-19 risk functioned as
mediator for indirect effects of pre-pandemic ERN and CRN on
stress during the pandemic. Finally, indirect effects of ERN and
CRN on psychopathological symptoms during the first COVID-
19 wave were observed, mediated by effects on perceived risk
and stress. Notably, these associations were independent of
pre-pandemic symptom levels, indicating a prediction of stress-
related changes in symptoms.

Individuals with higher (i.e., more negative) pre-pandemic
ERN or CRN amplitudes reported an increased perceived risk
for an infection and a severe course of COVID-19 disease
during the pandemic. This association with risk estimation
complements previous knowledge, specifically studies linking
reduced ERN amplitudes or reduced activity of the anterior
cingulate cortex, i.e., the main generator of the ERN, to

heightened risk taking (57,58) and increased anterior cingulate
cortex activity to risk aversion during decision making (58).
Furthermore, an association between ERN and risk perception
corresponds with findings that conceptualize an elevated ERN
as a low-threshold alarm signal in line with a better safe than
sorry logic (20,59,60) and suggest relationships to harm
avoidance (14) and threat sensitivity (30). Moreover, alterations
in the ERN, and less consistently the CRN, have been
observed across disorders such as OCD and generalized
anxiety disorder [e.g., (32)], known to be characterized by
cognitive biases such as overestimation of threat and risk
aversion (61–63). In addition, interventions aimed at reducing
attentional bias to threatening information have been shown to
decrease the ERN (45,64). Collectively, these findings support
an association of heightened ERN/CRN with alterations in risk
perception. The risk measure used here was tailored specif-
ically to the COVID-19 pandemic, but the fit with previous
findings suggests that similar associations might apply to risk
estimation of other life stressors as well.

The ERN and CRN also predicted individual stress levels
during the pandemic, mediated via effects on risk perception.
With regard to potential underlying mechanisms, this seems to
suggest that individual differences in performance monitoring
might influence how individuals appraise risk for harm when
confronted with real-life stressors, which then determines
resulting stress levels. In line with previous reports, this may
suggest an effect of the ERN on susceptibility to stress (11).
However, it may also indicate that ERPs of performance
monitoring influence which individuals are more likely to
experience stress, i.e., in the sense of dependent stressors
(i.e., stressors to which an individual contributes). Finally,
experiencing stress may in turn affect the function of the per-
formance monitoring system [e.g., (23–25)]. Future research is
needed to improve our understanding of the complex rela-
tionship between increased performance monitoring and
stress, possibly incorporating more objective stress measures,
e.g., cortisol responses.

Table 3. Coefficients for the Mediation Models With the ERN as Predictor, Perceived COVID-19 Risk and Stress as Serial
Mediators, and Symptoms (STAI-T, OCI-R, or BDI-II) as Outcomes, Controlling for Respective Symptoms at Baseline and
Time Between Baseline and Follow-up as Covariates

STAI-T: Coefficient (95% CI) OCI-R: Coefficient (95% CI) BDI-II: Coefficient (95% CI)

Paths

a1 21.073a (22.031 to 20.114) 21.075a (22.034 to 20.117) 21.022a (21.979 to 20.064)

a2 0.294 (20.395 to 0.983) 0.381 (20.349 to 1.111) 0.412 (20.299 to 1.123)

b1 0.023 (20.034 to 0.076) 20.017 (20.079 to 0.046) 0.034 (20.009 to 0.076)

b2 0.145a (0.068 to 0.223) 0.151a (0.070 to 0.232) 0.187a (0.131 to 0.243)

d21 0.208a (0.074 to 0.341) 0.217a (0.076 to 0.358) 0.230a (0.091 to 0.367)

Effects

c 0.070 (20.223 to 0.364) 20.091 (20.411 to 0.218) 0.007 (20.244 to 0.258)

c0 0.084 (20.196 to 0.366) 20.131 (20.443 to 0.180) 0.008 (20.202 to 0.218)

a1b1 20.024 (20.110 to 0.065) 0.018 (20.044 to 0.098) 20.036 (20.115 to 0.018)

a2b2 0.043 (20.063 to 0.142) 0.058 (20.054 to 0.157) 0.077 (20.046 to 0.201)

a1d21b2 20.032a (20.079 to 20.002) 20.035a (20.077 to 20.004) 20.044a (20.106 to 20.004)

N = 113.
BDI-II, Beck Depression Inventory-II; OCI-R, Obsessive-Compulsive Inventory-Revised; ERN, error-related negativity; STAI-T, Spielberger State-

Trait Anxiety Inventory–Trait subscale.
aSignificant at p , .05.
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Consistent with vulnerability stress models (65), self-
reported stress further closely related to multiple internalizing
symptoms, including anxiety, depression, and OC symptoms.
By this, the performance monitoring ERPs could be used to
indirectly predict the development of internalizing symptoms
via their effect on perceived risk and stress. This holds even
when controlling for the effects of initial symptoms, supporting
a predictive utility of performance monitoring ERPs for psy-
chopathological symptoms above and beyond preexisting
symptoms. It should be noted that in this study, no direct
association was observed between variations in ERN and CRN
and internalizing symptoms at follow-up, which is at odds with
some previous reports of direct predictions [e.g., (66)] but in
line with the notion that the association might be stronger or
even limited to clinical groups (67). Instead, the connections
observed in this study appear to be more complex, and
mediating factors, such as perceived risk and stress, need to
be considered. Notably, in this complex mechanistic model
encompassing risk perception and stress as mediators, indi-
rect prediction of psychopathology includes increases in
depressive symptoms, whereas findings regarding direct as-
sociations of ERN/CRN alterations with depression are still
rather mixed (68–70). However, the rather unspecific predictive
effects across different symptoms can be explained by the
indirect effects of ERN and CRN on psychopathology acting

through a common mechanism in which stress plays a key
role. Such a model also aligns with findings that suggest the
ERN as a transdiagnostic risk marker (31,32) preceding psy-
chopathological symptoms (9,11,66,71).

These results showed that both ERN and CRN variations
were associated with risk perception and indirectly predicted
symptom development, pointing to an association with in-
creases in performance monitoring after erroneous and correct
responses. In line with this, the arithmetic mean of both ERPs
also acted as a significant predictor. These findings support
the interpretation of alterations in a general performance
monitoring process shared across both ERPs (16) being
implicated in risk perception, stress reactivity, and ultimately
psychopathology. In future studies on stress reactivity, the role
of the CRN, which is often given little attention, should thus be
considered alongside the ERN. Collectively, the results sug-
gest that ERPs of performance monitoring represent a prom-
ising target for interventions aimed to improve symptoms or
prevent psychopathology (45,72) that can be applied
transdiagnostically.

This investigation has several limitations. Most importantly,
the analyses are primarily exploratory, and while the results
provide insight into the complex relationship between perfor-
mance monitoring and psychopathology, consolidation in
future studies is needed. Because the follow-up measures (i.e.,

Figure 3. Exemplary depiction of mediation model
to examine the error-related negativity (ERN) at
baseline as a predictor of anxiety symptoms at
follow-up, with perceived COVID-19 risk and stress
as mediators. Baseline Spielberger State-Trait Anxi-
ety Inventory (STAI-T) (trait anxiety) and time be-
tween baseline and follow-up is controlled for by
implementation as covariates in the model. *p , .05.
SCI, Stress and Coping Inventory.

Table 4. Coefficients for the Mediation Models With the CRN as Predictor, Perceived COVID-19 Risk and Stress as Serial
Mediators, and Symptoms (STAI-T, OCI-R, or BDI-II) as Outcomes, Controlling for Respective Symptoms at Baseline and
Time Between Baseline and Follow-up as Covariates

STAI-T: Coefficient (95% CI) OCI-R: Coefficient (95% CI) BDI-II: Coefficient (95% CI)

Paths

a1 22.064a (23.487 to 20.640) 22.041a (23.462 to 20.620) 22.012a (23.436 to 20.587)

a2 20.335 (21.390 to 0.721) 20.191 (21.308 to 0.926) 20.069 (21.164 to 1.026)

b1 0.019 (20.038 to 0.076) 20.013 (20.076 to 0.051) 0.028 (20.014 to 0.071)

b2 0.147a (0.070 to 0.225) 0.147a (0.067 to 0.228) 0.187a (0.131 to 0.242)

d21 0.185a (0.049 to 0.320) 0.195a (0.051 to 0.339) 0.211a (0.070 to 0.352)

Effects

c 20.141 (20.583 to 0.301) 20.124 (20.604 to 0.357) 20.311 (20.686 to 0.063)

c0 0.003 (20.428 to 0.434) 20.062 (20.536 to 0.412) 20.162 (20.480 to 0.156)

a1b1 20.039 (20.218 to 0.130) 0.025 (20.095 to 0.170) 20.056 (20.214 to 0.050)

a2b2 20.049 (20.247 to 0.101) 20.028 (20.216 to 0.127) 20.013 (20.241 to 0.161)

a1d21b2 20.056a (20.154 to 20.002) 20.059a (20.142 to 20.003) 20.079a (20.211 to 20.006)

N = 113.
BDI-II, Beck Depression Inventory-II; CRN, correct-response negativity; OCI-R, Obsessive-Compulsive Inventory-Revised; STAI-T, Spielberger

State-Trait Anxiety Inventory–Trait subscale.
aSignificant at p , .05.
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COVID-19 risk, stress, and symptoms) were assessed at the
same time, direction of the associations cannot be discerned
and the indirect paths, albeit significant and plausible, can only
suggest potential mechanisms pending further replication in
fully prospective investigations. In addition, the COVID-19–
related risk measures used here have not been validated yet,
and the observed associations need replication. Moreover, we
examined psychopathology dimensionally, and it needs to be
determined whether similar results can be seen with regard to
clinical outcomes. Nonetheless, this approach allows for the
prospective investigation of symptom development among
previously healthy individuals. Moreover, although there was
variability in symptoms at both assessments, no overall in-
crease in symptoms during the pandemic was apparent in this
sample. This might indicate that despite being a major life
stressor, the COVID-19 pandemic did not affect all participants
uniformly with regard to increases in stress and psychopa-
thology symptoms. Finally, our results showed rather small
effects, which is typical for multifactorial, complex processes
such as the development of psychopathology, but again,
replication in well-powered samples will be essential.

Conclusions

The COVID-19 pandemic constitutes a global health crisis with
profound impact on mental health. With this study, we adopted
a longitudinal approach to study mechanisms and neural
predictors of such effects. Results suggest that pre-pandemic
ERPs of performance monitoring (i.e., ERN and CRN) may
contribute to predict risk perception, stress, and exacerbation
of internalizing symptoms during such a real-life stressor.
Specifically, individuals with increased neural sensitivity to
errors and correct responses experienced heightened risk
perception, which was further connected to elevated stress
levels during the first COVID-19 wave. Through these potential
mediators, the ERN and CRN were also related to increases in
internalizing symptoms (anxiety, depression, and OC symp-
toms). These findings bear clinical relevance because they
demonstrate predictive utility of performance monitoring ERPs
for identification of individuals at risk for mental health issues
under real-life stressors, and the mechanisms elucidated here
can offer vantage points for targeted prevention efforts.
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Table S1. Frequency of Clinical Diagnoses With First Onset After Baseline as Determined by SCID-
Interview Conducted via Phone 

 n % 

Agoraphobia 3 2.65 

Depression 9 7.96 

Panic  1 0.88 

PTSD 2 1.77 
Note. PTSD = Posttraumatic Stress Disorder 

 

Figure S1. Figure displaying variability in symptoms at baseline and follow-up assessments  
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Figure S2. Results of mediation model using residualized ERN as predictor  
 
 

 
 
 
 
Figure S3. Results of mediation model using the arithmetic mean of ERN and CRN as predictor  
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Figure S4. Results of mediation model using ERN as predictor and objective risk as mediator 

 

 

 

Figure S5. Results of mediation model using CRN as predictor and objective risk as mediator  

 

 

 

Figure S6. Results of mediation model using the Pe as predictor  
 

 
 
Pe measured at Pz for error trials, area 200 - 400 ms, Baseline correction -500 to -300 pre 
response 
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Figure S7. Results of mediation model using the N2 as predictor  
 

 
N2 measured at FCz for correct trials, area 220 - 320 ms, Baseline correction -200 to 0 pre 
stimulus 
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