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A AAF SR Qe aEste] FAE Hola vk UN(United
Nations) A QlFellA] WH65A o]/dl =19 H|&o] 7%o]/d<3l
BE  AHIPAES, 14% o) el (A FARS),  20%  o]Xdeld
‘FAFAE R ERET S aERlTE 20229 Ve 17.5%%F,

Tk
3= U2 OECDF & =ol| & w4
=

8 Frkshe A

MN

AL R 2, 20350 =
A (EAA, 2022).
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Q12 (Jessen et al., 2014)& ojnj s}, 7] T84

N

191 A4 g (subjective memory impairment), 5% 21#] 24 3H(Subjective
cognitive  impairment), T4 7|9 E¥H(subjective  memory
complaints), <A &3 (cognitive complaints)sl 2 A% AW
MEES 20143 =34 QA A3} AHF 15 (The working group of the
Subjective Cognitive Decline initiative; SCD-I; Jessen et. al., 2014)9]|

ol 5% 2 AAE Aol

T JAAAS AFIFS TG v drAEel s FaH
JAA A= d=stelmd AwjE 234 ANAHAAY ool ARA
<34 REd 7hsAe] AgkET, Aol Adste FuH AA Ash=

R

gele]l &S 7] AESIARE o] gEFo]l wneAY iRl
Gl ZF BA F tiAsy] wfZel obA dAF

A A8k BHFEA B AHe T AT (essen et al,, 2014).
gArel ofaf A A A=, JeATo] 2w

FUATA AFF o] AP FuH AAAFE FFe

o
rﬂJ
r o)
o
rlo
iy
Sy
1o
2

AAANR A5l HEAA] Aofj(Mild Cognitive Impairment; MCIDH%
Auze ARE dZar.. =@ Dudrad TR AAAGE

2] O

ddsts wlol a8A ¥2 =QIEY Aviad el

Jm

o
an

ol
H At Mitchell et al., 2014). ol¥l XadF+ Ays nlgoz vz
o BAY A8 5 AFA d=3F o] 3] (Nation institute on

Aging—-Alzheimer’s association; NIA-AA)E  F34 A A=

g=stolmy  Auje] Agarwel  FAHoR XTSI, TAH

A (symptomatic stages)E o= £33 t(Jack et al., 2018). o] %

FH4 AdAAst e A7 s SgEI oy, AAMA =

T dAAGY] AT HAYFe] oldHA Zstadu. ol

FHA XA Ado] WlgH o wlg ojFAola Hid 5SS
3 T
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opd 2 o]l=(Amyloid B disposition)®] FA FTHA AX A T4
teel #- dew, Azl 7o) 3= Bdo] yEhA
¥kt Amariglio et al., 2012; Perrotin et al., 2012; Snitz et al., 2015).
aga FaEATA FRHE AAASE AFske =909 HE

>,
N

ohhzolE £FEE o 4

rL

59 AHA AdAAG}E oS AtHVogel
et al., 2017). 18]l 217wl 5 (neurofibrillary tangle)2 }214k3}

g B} @A (Tau protein)® Q& @Asin, g ofdZol=rr}
AZESE B AAA e 53] ¢ #d e Aem A Udk(Bejanin

et al., 2017). 37 AXNA}Z A= woloAA o we
3}

rl

s

AdAFEe]  wEHJeH, B @) B AR vie

H] 7] & MCD)  ®Ht}
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oX,
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N,
o3
O
-
=)
)
5
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8
5
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w
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X

AR A8} 6 =2 A#S B St(Eliassen et al., 2017).

el 9=@Brain  atrophy) % WAYWH(White  matter
hyperintensities; WMH)¥Z} 22 o Fx& W3 A
x| Asteke] Aol HIHAT g AgAgeA F
AAAsHE Aok w=9lol e ude] &4 Aot =559 Y (medial

temporal regions)? & T TFAE BudF o (Hu et al., 2019;

N
s
)

s
)

Jessen et al., 2006; Striepens et al., 2010), o|= 7|9A A F+%F4
27X (structural integrity)e] #Aaste= Z o= A 4= A}, yolr}

FaaTl FoY AXAtE FPshe woe FFe

O.\.u

o (temporal
cortex; Stewart et al., 20113 AFIZA(frontal cortex) =
<53 d(occipital cortex)®] 915 (Verfaillie et al., 2018)2 F%
ABAQ QA7 54% Asts dSepitt. =3 WAy s HAv
oAl mEY, F8E AAASE ddste Fdels] Aol

o HAd AX ] @o] #AZEHJTHLL et al., 2016; Selnes et al.,



=
=2 A (resting  state  functional complexities)®o] FAE Yo o=
F5o AuA AdxAstet B UATNI et al, 2021). HEE =
Y E9 A (default mode network; ©]s} DMN)¢}F #-E A% v
APed o, FH4 AAAs A DMNe| 44 F7HKawagoe et
al., 2019; Hafkemeijer et al., 2013; Verfaillie et al.,, 2018) %
7t2(Goh, 2011; Wang et al., 2013)8 YelllE AFEo] EA|H 0]
Ue AAolth. HE FHEATFolA FHH AAAGIT A4 E4E DMN

W 995 o d2A48 74asta, DMNG A3 dAA Y EQ F(salience

_ﬁ
o,

9
iin)
o,

network) 349 s 7t =7F  RaEdH(Viviano &

Damoiseaux, 2021).

4w B oubel ol FoHa AXAsIel Lxshelm wA AL

Aol #AE Atz g AqsEo] MPHJAY a1 o F 2
Ao = A 718 75 A A7) a3 g A (task-based fTMRDS #-8-3h

Fad AAAse A F Wols B ATl 53 FEal
APAGTLE 2w Hokar, Yolrp B AFE A A S

1.2 84 AAA3e RA F H7s 43

HJAZIHE 754 2A7]EH 9 (task-based  functional magnetic
resonance image; task-based f{MRDe]& MRI 270y <l A
AFFAZ7E FAE Fdst= ek HA O dHFE AL R S

A& (Blood Oxygen Level Dependent signal; BOLD)E &3 <
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Hlagk dAgtEo] vt & gk AdAT T L3H7]9(episodic
memory)¥# JAS 83 A7 7P Bwd=d(Erk et al., 2011;
Hayes et al., 2017; Rodda et al., 2009), 532 <lx]As} Fwke
ZARG mE] 7] FJA Y AZ(retrieval)z 3wt hippocampus)
A& sk(hypoactivation)®} ¥l €S 53] A (dorsolateral prefrontal

cortex; dIPFC)9 #&A 3 (hyperactivation)ES YEFWH oW 7] 3}k 9]

.35 3}(encoding)= A7 %4 9 (superior parietal region),
4 3] (cingulate), 73] A (occipital cortex)?] A g4 3}
(hypoactivity)®} ¥&]S ddF3do #&4gstE H st tH(Viviano
& Damoiseaux, 2020). 713A & T34 AX A3} et YeERS

e S5 AAdFude] A3yt AA| A A(recognition) A o] =3 7}

4% gwe 1wyl W, AdATe AREe w9

i
of

12
Lo

AdFade] @Adsirt &livts 2383 & dAE 719 #
715 A 3skel] gk A H B A (heural compensation)l®  ZHE3k Fo|Z}
843 5} tH(Rodda et al., 2009).

dstrlel AEHRA Qo= A7 (working  memory), T
i4k(divided attention), 2|3l W e x| &F4 oA (Future-oriented
decision making)#Alol A e Jet 7+ &3t AolE Ay 2 A7

24 WA F@E AXASL YoM N-back Al 2Hel7] o]

EN

’}“;! 'kl':.' 1_l| -:"i 1



Q7 =71 =2 HAU)YA2Y(precuneus), F A3 (middle frontal
gyrus), AthAy] 4 (anterior cingulate cortex; ACC)¢ &4 37}
H ¥ (Dumas et al., 2013). 2 HAE &&3F 2o AFdA+=
BOLD#l%. ¥ wF oly} ¥ ¥F{(cerebral blood volume; CBV), ¥
8 f(cerebral blood flow; CBF), ¥ AbAtjAl&(cerebral metabolic
rate of oxygen; CMRO)< A3 H ko™ (Zhang et al., 2021), A7+2 3}
N-back Al T F82 x| A8t JetolA HFdel w2 ¥ 7,
HAdF e HAbA AR o] B, WitfE BOLDAIS S S71H&
BATHZhang et al., 2021). ol& F¥F QIAAs Jolx Hol=
g3 S aEd AR A% B4 g e AAGE
Aoty vgFoz  FoRAE FHACNAM  FHA QA AT FHEE
Al“d(thalamus), "]/ (caudate), $t’+3] & (posterior cingulate cortex;
PCC), 3llutthippocampus) % 3dlwl@o]& (parahippocampal gyrus)©]
B8t BaE g th(Rodda et al., 2011). wpx|2to @ wl =] g4
ArAA FAle A FoA AA A8 k2 FAl G ol Bls ] e x| A
Aele] dis] we Aows BtHHu et al., 2017). E§ A F F

gl
Y

v

A5 9y @ (medial frontal polar cortex), Aty & (ACCO),
A(insula)e]  A&AstE  Hasielow, o= F33 AX[ A3t
HAetol ) 7Hxg7) 71wl Aoz s 4= vk(Hu et al.,2017).
UM Ay 2 A A=Y T8 AdeEs ek thed #2
A7A A2 WE 5 Advh A, 5
Z3hsk 719 AAlY] Eitel &4AHY. FHA, HAA F AT
TR FAGIN Heo B st 3o dijbHl AFAAE
g8ttt ARA, AR ATl M e AT AT
el =34 QXA HubelA  yelhve A T &8

W@ 3 L AR A0 A FES 44T S YEA

8 -':r-\.ﬁ-: -\'::- 1_-“ =1



of Xo whe}l Gl th(Mizuno & Aizenstein, 2018).
SHAIRE AdAFE AHE AT o, divsy dddTE A2

F3 10-208W)E e w sl A HA

)
o,
I
=
X
pIv
rlo

2 AFAAME QARA7]T T 53] AA]&A(Cognitive control)”]s <
Hked = oA 9 A (Multi-source  interference  task;  MSIT)E

dgsto] Fad AAAsH Jdat FEeAdGe A T ¥ S

Q12 & A (Cognitive  control)”7]solg 719l FoxHS HA 3}
HEgE AR A FAlC (MHe FEcte EHash Ao
e Foxd dFS Hast & F e ¥ A A st (Hasher et
al., 1999), A} a1 3H(shifting), A 8 Z 7 (updating), 83

A5 9 (inhibition)d] 3 LAE FAH tH(Friedman & Miyake,

o]
2004). 7H7he AWuAE, WA AnARe o ol wdol lold
o)A A Holth AA wgdlol st TR A THL

olusly, MPst= FAo|A WA S F st AR A9



dojy= RS AgH oo wet JAlets sHe ovghtH(Hasher
et al., 1999).

AAFTA 7T dH7ds A9E v dIdAdTES 5F F9
M8 (top-down attentional selection)™ WHAH HAFFGe &
o

> o
xS d

or331 JH(Aron et al., 2014; Cabeza & Nyberg, 2000). #}A
¥ EASAA SO AT &S Hadke 3RES HEg A 4
4

3 A (right inferior frontal cortex)o]

i
o
i
o
v
=
J[m
ol
o
|\
ol
2
i

Q3% ATS = AR FEFHJ(Aron et al., 2014). 7154
715 G ATeA welS ddF39 A (ventrolateral prefrontal
cortex), Pl= A4ty & (dorsal anterior cingulate cortex), % W=
AA T3 2 (medial frontal cortex)do] QA|FA| 7|5l 7]o3t=
Aoz YeEhgoem(MacDonald et al, 2000), 53] oA 2 F9%A)
HAo A = 3AF3](right inferior frontal gyrus)e &o] FQa3h
Ao &2 YEeEFY Y (Hampshire et al., 2010). o= 7|& &4dAT9 2

A A e Aol

2.1 =3}¢} QIR FA7]E

w3k A9 Aol AR AEE @t (Schaie, 1996). TL

=3t wE JIAEAVITs AuE AdddTel ey, =9ls2
Zd7iel B usAde]  agEe HAACA e (Fabiani &

Friedman, 1995), A &2 (Gratton et al., 2009), 18] "3l =A}=9]

FAl(Connelly et al.,, 1991)¢} &2 Qx]EA|s=Ho] &4 u F4%

T8 2 FAASI FEFH AT
E3] A4 o] Z(inhibitory deficit theory; Hasher et al., 1991)¢l
w2 esb mE QX FA 7] 5o HEE UE ARG G A=

s ele] Yolow =83 2= 9tti A oFsktH(Hasher et al;i 1%91).1_
10 A | =T

| &1
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= 5o, 7S SvEA QA= fdAAE 7] (false

memory)¥ 2  AAAFH S A &l sk ohEhA

AA sl Agor Qg 4] i A= 7RlEAdd = olold
4~ S tH(Anderson & Spellman, 1995). o|x ¥ AX|FA 7|52 Ad
7] A7 ARk, doprh Sl gt G v ¢ dvs
oA 53] FHE gkt
2.2 5 A

U Hd Al (Multi-source  interference task; MSIT)& Q1A & A

THS S48 IMRIFAIZ A Aol o 1 BlEAdo] FwI

1
o[\
i)
32

t}(Avelar-Pereira et al., 2017; Bush et al., 2003; Dwyer et
al.,, 2014). g4 dAE & Fdst7] sl A= AAAS
Aol aTHolAn o FHoA

me
N
ro
e}
ox
ox
i
o)
X
o,

=)
=

2
)
o
o\
)
X
o
2
o
=
iy

e AR AdgAdge] wmEw,
gsiHd A ddgx oz b5 A3 A(dorsal anterior cingulate
cortex; dACC), tA-A -4 (cingulate—frontal-parietal) <1%] F9]
YEAAE A3t A7l Aoz 484 vk Bush et al., 2003).
OsHd 34 T A S AR A= e 443 (Deng et
al.,, 2018), F 789 Foug &3t Sel=E7F AT AHA
S 2H+= w5 AW 2 (dACCO), W= 2453 A (medial prefrontal
cortex; mPFC), &% HFYY(supplememtary motor area; SMA)<
bt thsibd dAle] @437 dPAor dEEe ggsolth

S 2He 5 Y AH(nsula), s3] (inferior frontal gyrus),

N

Hed
ol

y
3
3

dl =30 -3] ZH(lenticular nuleus—putamen)©] X3tE ol A F A

U A o] g4 sb7F #2E g9 Eo]ti(Deng et al., 2018)
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5 23719 (Dumas et al.,, 2013), "= &4

714 B A(Erk et al., 2011; Hayes et al.,, 2017; Rodda et al., 2009)
1

SAPAA (Hu et al., 2017),



3] o W3}#] %3} al(insensitive), H]5-©] 4 (nonspecific)o]™ F3-2

A

=
x| A stell  wigE o Fe] "otk Aol v Agatsel ol
A A =)o) ¢eH(St. John & Montgomery, 2002). TEdF 7 =0l %] & ol 9}

d=zslolmy Auje] Z7|GANA = HA7e R Fo Aol 7gEy
o 8% Ax= deA J7] wWEol(Saunders & Summer, 2011;
Silveri et al.,, 2007) ©& A FHe wgst= HAE L83 FaH4

AAABE Aol HeAdol AT wEd 2 Al M= IAEA
<

dulstA gBxdeE Aoz dex 9do](Mulligan et al., 2016),

1

719715l ATl A= 7€ dqe AHe Besta FaA

THY AAASE FSAHS = o o] deTdo] o, B}
A7t A=" F34 QX AsF 2 E(SCD-Q; Rami et al., 2014)2
ggs) ATt =3 HES TR o] APAFE B A

TRAMAE 83%, Solx 87%, AUC: 0.91; Rami et al., 2014)&
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AT BHR

1.

7} A=

z

A9
(Harmonized Cognitive Assessment Protocol; HCAP)® E}@3l oo

o

X

604

?l_

A

Z]T_

N

Al

P9l o,

#}70]

WA A7AAYAA #A o A= Christensen, Multhaup, Nordstrom, &

91

(1991)9]

Voss

2k 2) TR

o] =
PR -

1997)ell A

Ikl

7F(Clinical Dementia Rating; CDR; #A 3 5,

’

=
[e)

o
=

i

ARl

(K-MMSE;

ez

]

o] 7@/\

s

o
)

—_
fi%e)

oF

e

3

b

E

3

1

SRS
— =

A$-(CDR 0.5
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2001)°ll A

P o R W A

=
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Hj A

I I S R

Hj A

ahs

g

}31 2™ (Balash et al., 2013; Jessen et al., 2014; Zlatar et al., 2018),
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o]Z 93l %2922 % (Geriatric Depression Scale; GDS; Yesavage
et al.,, 1988)clA AdAA FFo
1999) YEtdl= kA= v Al T

thgom 9o Fdl osl AuE WhE F ATE 9Y 29

a=(EFH 174 ol =9UA T,

A5, 2) ALFEZT o A FHYPA oA A% ol
Bbsd A% WA
Ao BAUANAE ATAAA TR A/ FHIIAEES

Mgom gels wES QYRS W ¥PA, MEFL 5 olgade]

wae A5 ARG ol wel AEHoz 88yl At w4

sostn ggadyaase sae 9e T
Fasgon, A7 A4 A RE AARA AT Al o)
g AT AAAES FAMe) AYFOEHA ABHOE
A el oAE WP BE PR AF Aol T FA

S Assidion, Madsta Agaddoldse] sde d

X
o,

2. 53 =7
2.1 A7) B3 AF
2.1.1 834 QXA I=
AFFAA]  F9A AAIFAL FEE FAAN T

o1 A A8} # = (Subjective Cognitive Decline Questionnaire; SCD-Q;

17 "-:l:" I 'kl-.|- 1_-li [= 5
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d Eor7 A} Y& (State-Trait Anxiety Inventory-Y; ©]3} STAI-Y;

Spielberger, 1983; 39-% &, 1996)S E3] st} STAI-Y:=
3l

dH R B Bdees gdske T ol AR o]FolA glow, 7

At 20830 FARL ATHAE BE BGO gsl 1743

AANYF 7= =3 HCAP(Harmonized

Cognitive Assessment Protocol ; ©o|ts, 2022)9 TAAAZ

AA AT WA AT

Folzpe] Awkd AA7s FES Tebshal

AAZe) ofF-Es HEey] s F=dF o] AAGE HAHKorean

Mini-Mental State Examination; ©]3} K-MMSE; Zd< %, 1997)¢

#ay  AdAs

ml A A A Korean version of Community

Screening Instrument for Dementia; ©]3} CSID-K; Kim et al., 2004)&

AT HEel A VPR dAVITe o 49l AA

ARHor S
AEREEE HHFE

2.2.1 A48y FA

A4 & (Orientation)<

sl A, Ao, AAvE, e,

Aol HArbsol AAEAH.

=y Zrol AAH HAHK-MMSE: 7l

HAGUATG Lo FAE 53
SAsReH, coPls Fe AmEr.
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7197155 SAsIAE = AvjEa dA7 S

Ay

ds f1%
A7 A2 7HConsortium to Establish a Registry for Alzheimer’s
Disease Assessment Packet; ©]3F CERAD-K; Lee et al.,, 2002)9I
FE=H Go]E=E 79 HAL K-MMSEel =% 3do] 7|9, zaglx
st &8 7] HA -4 (Korean Wechsler Memory Scale-Fourth
Edition; ©]3} K-WMS-1V; #HZ1 &, 2012)°] 5% =g 7|9AA=
AR T

doj RS H4A s <, “Hld Fol EIE 10708 dojEFol
AsAxE Fe 0 AXET doEFe s 73 AREAL

A A8 dAAL AJNHAE A WwA 5243 d A mmediate

A A8 474 (Delayed recal)s S48 474E v 5, e del
FASe SRS AY ABe 228 7 A JE DolEEg

AAE S s AAlT. 24E 10719 Belus 3 g2 saa

O

T2 FHo 10goltk. vixEe g A A AHRecognition)E
20708 o] T A AAEHAD 10709 dojE FEekeE AAE
Hol  20%olvh.  dojEFrIfdALe] T S4LRAL
A A FAAE, ANHAY] S-S Hel Atsiien Ho 607 ol t.

350} 7)ol AR SRl A ], <A@, <A e
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Asdstier Ao 6]

=719 (Logical memory)AALE ZFEAIAS FARE ANMEE 5o

g

oloprlE £ Zhed 3 Hgo]l 3

AAS AL, AQHAE DA S48 A A8 AL
FHAZ olopr]e] 2578 ARUE T SwEAl 33 AT 8] F=
ARrete] Adi 253 olth. 2elal AR ojoprlel i s £
A AN olopr]et FARA] EEhE AHAlelth AAHA FHL
AANHE 15719 J&ES T en=A 7R s F2 Ak,
Aol 1580tk =t e S48 AdsRAL

AN L] FHS Tl Atetelon Hd 657 o]t

2.2.3 AY7s A

A7 SAs7IeE deold FAAEAA, A2 Sl7] HAL
SAHNE AL, AE A7) HANE AATEEH

o] Fx & H A AHRaven’s Standard Progressive Matrice; Raven,
1989« Hldojd =25 ol&ste] FETHS FAHs= HAMoH.
A Fgs 98] wmxl Fido] e ol a9 widE Hi, 199
R o A - Zhol wh
1989).
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filo
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:<|)L_‘4
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9
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=
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<
@
=

A2 ol7] HAAHTrail Making Test-Part A, B; ©]3F TMT-a, TMT-b;

Reitan, 1992; Ricker & Axelrod, 1994 F291=Z2 #ixd A&

ABL olgd #MHE it PR ash bF 2dow FHWL. B
wRAAE AN 715H B R Aug w=els] Ay Nl HAp Aol
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A9-7]1 AAHSymbol cancellation test; Lowery et al., 2004)
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A wl

)
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Al B

=38t 4= r(olthE. 2022).
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B

stz 9 o} 2713 G HTH TR = 2300ms, TE= 2.36ms,
FOV = 256 x 256mm, FA = 9°, voxel size = 1x1x1lmm®, MPRAGE,
slice thickness = Imm¢ T 2EZFZ HFJHJY. o=z A F
7154 A7) 3HI(T2 Echo-planar imaging ; T2 EPD& TR =
2250ms. TE = 30ms, FA = 79°, 30 slices, FOV = 240 x 240mm, Slice
thickness = 3.0mm, phase encoding direction = straight axial®]
Tz ZYHJY. TVleH ArleHddSE A 3 3] 2
160%e] #gHRNH, & F 37 APste] 2F FAVPERFE 36072

HA F 715H AFEIY AnE A5

2.4 4% A
5 2Hd A (Multi-Source Interference Task; MSIT)

NeA A7THIE 2 T AHAELS B I ABush, Shin,
Holmes, Rosen, & Vogt, 2003)& 33Ut et A=
AAEA 715 (Dwyer et al., 20143 <A = (nhibitory control;
Avelar-Pereira et al., 2017)& 543= IA =, Stroop¥A|, Eriksen
Flanker, Simon#A|¢} FAMIE & F8th(Bush et al., 2003). 7154
27187 G el A st d dA4= dxde - F-FA
(cingulo—frontal-parietal) <IA|F¢] MHELAE DAslel= A=
defx deow, APATE T wds 98 R AN
Bt g o] 2915 thBush & Shin, 2006).

 ATdAME A om wheEel A&t =d A3
E4& a#3sle] Bush S (2006)°] AAIE 7]E FHAHT 2=
AANAZE A= F FA(inter—trial intervaDS W AAl FAd

AREEEGITE e B AY ) MRI =AY WolA AFAEE 53

24 Al =T
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EEE P

(=]
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(incongruent condition; IC)¥} ¥ X% (congruent condition; CC)o. =

o] 7014

Aok ™1l 7t

JIK
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@

F98
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N

5]

A

71 A

9%

7]

A A

ats

function) @]
FSl T,

5]

(sensory—-motor

(baseline) 2.2 A}-&

7Hxl

el kel
& AellA = Ve A

5= A7A(block design)

ol 7}

A z71EH A Aot (dE2, (V) ).
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124307 AR oA

}+= Bush %

I

B

S4e 1y

AT 1A

17

=4

26



A3 2 2

flo

FA ARSI AS AAARY] Fe 7S
1750msoll A 1950mse.2 A, A= 7+ 7H4LS 300ms=
AdAsto] 2250msvith A2 Aol AAEJTH(ZH2., OhH Fan).
A& HA = E-prime 1.1& &3 Az 2 FHEAG(Psychology

Software Tools; Schneider, Eschman, & Zuccolotto, 2002)

¢h ELA 2710 X =4 (CO)

300ms

2250ms

2550ms 2550ms

b 13]7] 4500ms 4500ms

B ocic |

18s 1 2 3 4 5 6

(@]
(@]
(@]

29 2. GERATA ) A9A%

F 0D 7 208 AT ANAE JEY, BR 217 dA%D B
Neel A4S AL 300ms, AFAAALLE 1950ms, Lelw A3
44 2230msolth. () @ Fvle] WA AF Al 2
epd .
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Aol A

variability;

W AR (intraindividual

A

BA BF AH

A
»

2k
3.1.1 AHE
o5 7 2hA 2

3.1.2 /%

HF-2-2 - (Mean Reaction

F(Standard Deviation;

B

2
N
B

Az

1Lo)
=

B,

o2 / mean RT:

=

axzn —mean RTaxzx

B
B

A=}
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3.2 Hg3A= AA

NeA A7lgHade] ©A@E MATLAB r2021b 7]wF SPM12
(Statistical Parametric Mapping software 12; Wellcome Centre for
Human Neuroimaging, London, UK; 2020)& A}&3&] <35t om,

e 2e wAe AR EAH B ssd  dh=

271 g A wAlefx] &5 (interleaved acquisition) WAl o &

ZFENoH, of AAHlM T dH P A5 2LdAE

of
of
0%
e

2,

2) 229 2 9= B A(Realignh & Unwarp): 7154 A7)+
ZT WA HEAdSs BASH] 8 6719 24Y IFev"HE

¢H(3D rigid body transformation) W2 o=

>
>
o
_?L
w
by
o
N
N
2
g
ot

A sttt 1ol HPAT|Fo R Qg RS BASA.

3) & (Segmentation): 724 A7|EBIAS 715H A7|eHE GGl
Agatrl & ATFERY 2 AleHdd ARE
XA &5 A E(tissue probability map)el|l e} Fr7l=, Wz, gz

MHsgoz TRAGL olF FARS AAGL YA Pre
2

4) A&(Co-registration): ¥ &S Fal F=3 7 7HAke] Fl=

AA Fx2H A7]FHILS ofA wWI(Affine transformation)

5 &7t4 #+3HSpatial Normalization): ZF  Z7kxte] 7% 4
A71EH NS mestd 3% FE IRl MNI (Montreal
Neurological Institution) @ 912 AHHslo] xF3; silct. &=

e AR A4 B ARst 42 98 3 x 3 x 3mﬁq EL7M
5 o

]

ol

11



poaE A FF g

]

6) &7+4 HH3}H(Smoothing): &7H4 A

Ed

=37 dgd 2E V)

olr

2718 AR AFEE 6mm FWHM  Gaussian  kernel&

3.3 7Hd 1. &34 XA sE FPdte =G 1A &2

=G HE JAXTA FA T BAEH ST YEE

M Azl oA, oAl 2dA 23100 #

Taska, Az IR d(fixed-effect model) S ARE3I 72 A
I3t eSS ARSI SH(Friston, Jezzard, & Turner, 1994).

thH]  o]luA](contrast image)S AF&3le] JRQIZE Aol =
AAret7] Skl e 2 d(random-effect model)&

A3 tH(Holmes, & Friston, 1998).

e

FEH AAALE Asts Fuo]l %A & Here] g
AAEA TA F WAAH DA dEu=A] Golry] e WA
w44 (whole-brain analysis)= A3}l t}.

1A R gt T 4 200 24sEE W d9e
=

slsty] 918 kA 7ol BHAl AtE v

il
jur)
=
oft
(o]

t#5(one sample t-test)= AAISIST. o]& T3l 7Y ELA =
9 AdXxzA A YEste BAAY  EaFA XA E(statistical
parametric map; SPM)< A Al 83t}

ggom ¥ guel 3A F DY Aol g wuss] e ol £F
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2R (two-way mixed ANOVA)S AT Iz 7F g2lo =
THA JAAA HHSCD)H A FAIGMHCOe] A& o,
A go=m gt aAlY F 2A(ELEAZRA; 10/ %7,

COol ARgHAT. 21l a3ts SAlst7] fa deol, aSgAz,
a

=
aeln B Jle BAMom  ggdgow, AL B

deAgaE AvEaa 293 Zo] unlE AASATHI™ES.

L+
%

el

A2 x 24
ik

&5 (GDS)

£t #& (STAD

)
QO
2
7
=

A 2 (HO)
Z7 110
z712(CO)
A x &
A x 2742

2% 3. Flexible factorial design® TR mjEE 2

. SCD: 34 21A] A 37 e (Subjective Cognitive Decline), HC: A%
A F H(Healthy Control), IC: &Y 2 (Incongruent condition), CC: ¥

% %71(Congruent Condition)
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MarsBar(Bret et al., 2002)
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=
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UEtl= 999 A A (peak)zt
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=

=
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analysis)
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=]
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-
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UeEl = A3 G- (Balash et al., 2013)E 45 X A]spy, & Ao A=
T8 JAAASE ofd 2 H EQFY I 2 AT A}
AgeEad s A4 g7bE & 717+3817] 98] 32 2 EQF & F5

B o) EAste] A Bk}

E 4. 783 AAAS 49 8 AFEARE 54

SCD HC
(n=31) (n=57) £ p
P (FFEAAD)

A (A /A 12/19 20/37 -.33 739
A 70.58(5.60) 69.09(5.36) 1.23 .223
WS Ag 9.07(3.33) 9.21(3.50) -.64 527
3 AR A HE  10.84(3.85) 2.11(1.80)  11.95™  <.001
ol eeHE 7.39(4.30) 5.70(4.14) 1.80 075
A -EA BobH e 80.55(11.93)  75.32(12.86)  1.87 .065
. SCD = 34 QAAA3} ek HC = A4 TA-, =+ p<.001.

Ueoz F34 AAAS HJEHSCD) 2 SAFHHHO S A7
SAA= #L5 AAMENAE. FHE Ee JdAVIS SR A

AR Fou i sEo] fHdAtols dERHA &kt shARE K-

8982 #a1), FAA QXA 42Fo] K-MMSE 2 A=z ¢l7] AA}

vs)
o2l
>
il

AZsp=A vy e vel, PE, WAL BA ¥
YA ARAE AN 8R4 A3t K-MMSE (SCD-Q ¢ ¢ =
1.65, p=.103)¢} A= S17] AAF B (SCD-Q : r=1.143, p =.257) E+F
ol, M, WAABE FAG Folt FEAH AAAS £EI BaL

e A ek kT
37 2 2-1 H



F 5. F34 AAAs} A E AA7T FAA

SCD HC t p
FHGEEHAD)

K-MMSE 26.84(1.49) 27.54(2.02) -1.87  .066
CSID-K 3.68(.48) 3.79(.45) -1.09  .279
A

AlZEE F2 A 9.65(.61) 9.61(.62) .23 .821
719

Toj = 7oA} 41.52(8.69) 40.70(6.90) 48 631

3eko] 7] A 5.48(.85) 5.56(.73) -.45 655

=871 3 30.39(11.99)  30.37(9.67) 01 994
AY7s

glol i g H AL 11.77(2.49) 12.54(2.87) -1.26  .212

A= 97l AAF A 53.39(57.67)  47.89(18.62) .66 .510

M 3l7] A B 62.39(23.70)  53.89(17.40) 1.92  .058

2 M3 2.90(.83) 2.93(1.05) -.12  .903

AE A9 A} 40.03(18.04)  39.98(17.69) 01 990
1]

oW {334 A 12.87(3.70) 13.70(3.35) -1.07  .288

H2E olF7] AA 12.16(1.39) 12.02(2.30) 36 716
A& Y

7y ae7] AHAL 1.00(.00) 96(.19) 1.43  .159

. SCD = =34 QA A3t ek HC = A4 AT

Aol Wit 377.18(‘ETWAE 111.26), 2L A Ul W&
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2 7. F8 W 3 38EY 2%

e

e 1 2 3 4 5 6 7 8 9 10
1 Yol 69.61(5.46) -
2 A (44: 567/ 94 327) -.09 -
3 wHAT 9.13(3.45  -.29" -39 -
4 K-MMSE 2730087 -1.92 .05 .33 -
5 woleg A% 6.30(4.25) 12 .10 -20 12 -
6 AH-SAAESdHE 77.16(12.72) 09 -1 .04 .06 407 -
7 FRA QXA HAE 5.18(4.98) 06 -03 -09 -22° 13 20 -
8 MSIT A%& 96(05)  -.33° .09 .31° 34" -18 -.30° -12 -
fé MSIT ZHSl o g Mk g o) 240 07 -260  -29° 13 17 .02 -.687 -
10 MSIT %7 7+ WhS2 % Apo]  372.6497.73) 29" -.05 -.32" -39 .00 -0l -0l -43" 37 -
F.AELE gl E7F AN S YUl gt s p<001. #+ p<01. * p<L0
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3. H 7' 4% &4
3.1 AT A F ¥ A3t

AA F7rare] g AgddA LA 2d Al A F=11 9
AlBre fouletA @4 7 e HATEFY o #E
t71=(one sample t-test) A¥}+= %8, 1949} 2o}

Azl mste] AR 20 Al ZA4st Frke dEr
d9e  EZFAHA(posterior parietal cortex), 3FFA A% (inferior
parietal lobule), A 53](superior frontal gyrus), =% 53](middle
frontal gyrus), 3} 3] (inferior frontal gyrus),

FH x99 (supplementary motor area; SMA), *4d(insular),

Mo

Al (thalamus)olt}. o]&= 7] AdgAFolA vt HA 5 v
At)d3] A (dACO), -5 -4 (cingulate—frontal-parietal)
HEHA, $eBx 99, HAd, 53 9o oo &dstd A

WA AX 20 Hlsle] B 24 Al A48 AAE Ve
gge  EY=  dAHF9A(ventromedial  prefrontal  cortex),
Z9F2}3] (mid orbital gyrus), Atl’d¥] & (anterior cingulate cortex),
AP =2 3] (left superior medial frontal gyrus), ==53](middle
temporal gyrus), ZF3](angular gyrus), 43 2 (posterior cingulate
cortex), &= dlvt(left hippocampus), &= =F=(left temporal pole),

= 55 (right medial temporal pole), = =53] (right

o

inferior temporal gyrus)©|t}. o]+ = »=91L Ao s o)== 3=

=Rle dideR vy dA T ZAsE dud AddqelA



# 8. 9FHARA L H A3}

LR MNI 3%
v ool AT
(k) X y z

Positive activation
B Posterior Parietal Cortex 24602 2158 -24 -64 38
B Inferior Parietal Lobule 24602 20.01 -36 -46 41

* B Superior Frontal Gyrus

* B Middle Frontal Gyrus

* B Inferior Frontal Gyrus

* B Supplementary Motor

Cortex

* B Insula

* B Thalamus
B Precuneus 24602 18.63 -9 =73 50

Negative activation

B Ventromedial Prefrontal Cortex 1335 -9.23 -9 35 -4
* B Mid Orbital Gyrus

* B Anterior Cingulate Cortex

* [ Superior Medial Frontal 1335 874  -15 47 i1

Gyrus

* R Superior Medial Frontal

Gyrus
L Middle Temporal Gyrus 138 -9.06 -51 -70 26

* L Angular Gyrus
B Posterior Cingulate Cortex 256 -7.86 -6 -H52 29
R Angular Gyrus 93 =7.42 54 -61 35
R Middle Temporal Gyrus 93 -3.64 60 -55 8
L Hippocampus 80 -5.65 -24 -13 -19
L Temporal Pole 80 -5.47 -33 8 -19
R Medial Temporal Pole 82 -5.20 42 14 -34
R Inferior Temporal Gyrus 82 -5.12 54 -10 -25

) Bi 4 ol E£3E 9o, L=F, R=F4H, B=dH4
tZk = A5 7F F el FHFE(peak)d tHF; p < .001(uncorrected), k>20



3.2 787 AAAS ] WE GFAAHA F ¥ 843} A=

elolr 7] el old =3 EAFEA(two-way mixed effect ANOVA)S
T A 7F WMo w FaA ARG A FAHGE
AAeda, FHd U ®¥le U5 7HA] A 2

dAxzA =LA

o]
Z45 AR Jok 7+ Wel(SCD/HC) ¥ Fe ) WHel(MSIT IC/MSIT

flexible factorial designe &8sl om o] AH wSAdH

F=  AFAA2Y(eft  superior  parietal  lobule) 1 FH=

TR L=y 2 (left parieto occipital cortex)@ oo v & A3}
wAE o Av= 39, 175 ¢ 2t}

45 -:l."i . !.:;



® 9. AY x HA 219 F3HLaH £ 2%

L pFWE- MNI # 3%
¥ oo e T 7t corrected -
(k) peak cluster x y Z

L Superior parietal lobule 37 4.72 0.04 0.15 -18 -79 44

L Parieto occipital cortex 24 3.98 0.46 0.33 -36 -76 32

. p < .001(uncorrected), k>20

a9 5. I uE g A 43 xol7t TEE 39
F..0he AAE, (W= #ddoez AAEHAY p < .001(uncorrected), k>20

3.3 H 43 Alolet HA|G3Y

T we A T &Adst
FEol Aoz YEld doe wmigom e 7w e FE9

st ot el a8 A kel vastaat sl olE ffef WA A3

o
it

F= AFAH A (left superior parietal lobule)d] AAFEE F4]o
st T FEHY 7Nk 9SS AASIg o, o] I¥6 ¥ Zr

oF HAT Mgy dEAAA F BT FebuE @A

s34 X% 3 #AE ol A4 (Pearson’s
correlation analysis)3dFAtHE10. Za1).
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Abstract

Neural compensatory mechanism
during the cognitive control task
in subjective cognitive decline
older—adults

Soobin Uam
Department of Psychology
The Graduate School

Seoul National University

Subjective Cognitive Decline (SCD) refers to an individual's
perception that their cognitive performance has declined, despite
having no significant objective cognitive impairment on
neuropsychological testing. A growing body of research suggests
that the SCD in healthy older adults is associated with an increased
likelihood of biomarker abnormalities consistent with Alzheimer’s
disease(AD) pathology. And SCD even predicts future objective
cognitive decline, conversion to mild cognitive impairment(MCI) and
AD. Based on the results of these previous studies, The working
group of the Subjective Cognitive Decline Initiative(SCD-I; Jessen et
al., 2014) proposes that SCD may represent the first symptomatic
manifestation of neurodegenerative disease including AD. However,

still, SCD has not been fully understood because SCD is etiologically
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heterogeneous and complex.
This characteristic of SCD has led to the uncertainty on whether it is
SCD or its correlated condition that predicts the subsequent
development of neurocognitive disorders. Therefore, this study
attempted to explore the neurological mechanism of SCD by
examining the difference in brain activation during the cognitive
control task (i.e., Multi-Source Interference task; MSIT) of the SCD
group(n=31) and healthy control group(n=57) through task-based
fMRI. As the result of the study,
There were no statistically significant group differences in the MSIT
behavior performance. However, during the task, the SCD group
showed hyperactivity in Left Superior Parietal Lobule and Left
parieto—occipital cortex. This can be interpreted as showing
compensatory hyperactivation by mobilizing more neural resources
to maintain a similar level of performance as the healthy control
group. Next, the spherical-based value was extracted based on the
peak coordinates of the region where the difference in activation was
significant during the task and compared with the MSIT behavior
performance for each group. In the healthy control group, no
statistically significant correlation was observed between the
activation level of the base area and the MSIT behavioral
performance. But in the SCD group, a significant positive correlation
was reported between the activation level of the base area and
differences in reaction rates between MSIT conditions. Therefore,
the hyperactivation observed in the SCD group can be understood as
inefficient compensation. In general, inefficient compensation in older
adults, which appears in task—-based fMRI, is believed to suggest a
sign of aging and the possibility of brain pathology. In conclusion, the
result of this study partially supports the hypothesis that SCD may be
84 MNET
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an individual's first detection of subtle neuropathy that may occur in
neurodegenerative disorders, including AD. Furthermore, it can be
suggested that SCD may represent the first symptomatic
manifestation during the preclinical stage of neurodegenerative

disease including AD.

Keywords : Subjective Cognitive Decline, Multi-Source Interference
Task, compensatory neural activation, inefficient neural

compensation, task—based fMRI
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