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Al s EFete G E Edkehe A,
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b e,
R(S)= CE I )

g7 @ BFolel AzolEA e DS, c)oli, AR UE AXEZY AFoEA e R(S) o.

S: 92 AE, ZFd2 C=Hcy, ¢, ... cJol W3 Jx AES Az &AL ME A {9 3t Az oEA 9
stoz AoEy, ¥ AE So| JE BE A9 THAHL §9 7t F5EAde gor Qo
D(S,c)-R(S)= HA3F 3t7] f1gelx o5 Husle 3S 34 MRMRS] ko] ¥
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gzslo]m e mdr|e] B 5ol gl 7PE =3 FHo] Xwjolt). 2018 ol °F 570 ¥ ol ww
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o2 JYPHa o FAE e R FHHEh. Had mEW FElX el #xle] 10 ~ 15 @7f vid =3}
oMo FFPE I o]E F 80 b= FAXA ¢k 5 ~ 6 do] Ldxdlo ]‘ﬂ‘ﬁoi AT, AEJAA G 7L AL
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A &89 CSF o] o mlAC = P-tau (FF14k3F €19-), T-tau (total tau) 2 AR, obvl=Ate] E3HCT}, o]
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Ak Aol

B oulgo] e FEdo] wad | Ay AF dAl= A8 (accuracy, ACC), WA =(sensitivity, SEN), &
T (specificity, SPE) ™ ROC(receiver operating characteristic)®] AUC(area under the curve)® ©o]Fo]%l
T A dEE sk oo R AFshe Aot

B owmo] o2 fL¥8do] wpEH, MRMR(minimal redundancy maximal relevance)& 3}7] [4=8H4] 2], [47%
2] 21] 9 [F8h] 22]5 o] &3l Ao,

MRMR= J\/[AXS Z I S
[48H4 21]

D(S,c%ﬁ Zf(f,,c>

[=8h4] 22]

N 9 BRste) JaolEye Fe DS, oola, M2 thE AAse FadEye de R(S) 9.
St WA AE, 2o e, o ... ool U AA AES] FEolEAe AW N 9} czbe] AEoEA e
goz geluw, HA AE So Ak RE WA FRAL f9} [7he] AsEAe Foz Aot

EO"

D(S,c)-R(S)= HA3 817] figte]x ol& Husle IS 34 MRMRS] ko] 2
B oulgo] e FEdo] wp=™ | SFS(sequential feature selection)® MRMR ¥ugj&o® 2= A 6070

o WAE AHgahE Aolth,

wigo] g7
woune) ggelomyE dxstelny wi FEAAZ] ERE 9% Augn AFPEos 54 Amwo
2 SqsE A v asel 2 gdzslolvy AY AT BRY & A A%

12 2 3o 93 £29%8 HAFE AY4E £5 tiolo] 13 (general block diagram)oll &3k #o|r}.
T2 B ¥ ARk 714 4 2 AR AT ARE YER Aol ¥, A g8 9 MMSE (mini-
mental state exam): 2zt 79 HY FFAHAZ YeERNATE. CDR (clinical dementia ratio)

E 32 axstolmyel B AVl Qi B4 s T, WA 2L B39 dolg ekl Aelrh. 4 i
ZesEg o) £ES et foule GARS p<0.052 HAHUT.

T 45 g=sto]Wu (AD), AEAAGANMCI) B A3 AEQAAGAN(MCIe) B=pe] oA FA, WA 9§
EXIPN

11
o
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= 5% MRMR %_LF—E]%% AbEste] A A9 607 A" FH F oA A AE gagselA dEE I

) WTH71E AMEste BE HA MES 3 itk I ¢ o AG=Rt T
E}. (a) AD vs. HC ﬂﬂ ABEAE; (b) AD vs. MCI FH AMBEAME; (c¢) HC vs. MCI A AMHEAE; (d) MCI
vs. MCIc J* MEAHE
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T 62 d=sto|mu(AD), AEJIAGNMC), A3 AEAqAZN(MCIc) 2 A4S dEzFHOE 2] 9
gk ROC AH AZE YERd 3ot} ROC AH= tA7EA] vlele nfAE FElete e IH (5, YA7EA Hhol
QomntAe ZAA )l thete] ZAAE Aotk EFHFE BN EF7E 2-vA 93 AaS Abgste] FPEAT. (a)
AD vs. HC ¥l ot ROC AX; (b) AD vs. MCI #5ell tigh ROC #H.; (¢) HC vs. MCI 5ol tig ROC #

H: (d) MCI vs. MCIc #Fell wigh ROC AH.
= 72 g=stelMu(AD) of A tlEL O Rk 108 wAk HSE R e AdE UERd Zlold
= stolm ] (AD) ol A=A QCD ] Wik 108 wx} AFE 7/ s A3es vebd Zlojtt,
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olsl, AAHE F3to] & AHE O JAs] AR gth. olE AAldE ©@A B AW oAstr] fgh
Ao, B dtyol W7t o] Ao A= Aoz dMEAE =t}

2 e 1) X FF WA 2) A 2F 9 3) A AAst 9 2 4) I A8 2 B R GAE X£F
tar, 4) ¥z Aeg @ BF GdAE, 4-1) MRMR(minimal redundancy maximal relevance) % SFS(sequential
feature selection)E o]&3le] FHHo IAE At Al 2 4-2) =3 A58k (extreme learning
machine) WwHFWHE AFSsle] AHdRIoRHE d=stolmy X HALEJXFNE EFste WAL E st
AN, Qo 2RY d=dtolMyg e HALEJAXF) ER/HE fg JAddR AFHHE A3t

2 oA, fo] "I A(feature)' & YT WFEA 2THE HolHEHE I dddo] & For HdAH
o =, 948 WaEA Addd S e IAs 4Y dolHEEE 5% 4 e vt seprgrt 247 %
leo] 98 W AdE £ u

2o d FEdol mEY, A= s, HHFd @i, X5 (cognitive performance) R OFEA]
9G4 ¢4 O AR (apolipoprotein e4 allele) JHIE X3sl= Ao, ¥ $£F2 F23 A7|FHIY

(structural magnetic resonance imaging) o2 t¥i|de] F7, WA 2 3|Mde] g8 ZHS= Aoy,
Hzglo] guzAe ol Zol= WEl 42, HA| ERS- w8l AolakstE el dhwlA R o] o7 oA A
By 3l o]l Aol QX TS ko] Al E] BE A (mini-mental state examination)® AAHBFE =

A3t Aot
Ao A, &o] '3 AEdh(extreme learning machine)'S Q¥ 3|E =S HHEA9 Fdglel +a=
st daglFoly, uEbd ARMAIZES GEAI7E FF o] ).

o] g2 Fede] waw, Ay HE @Al F 8= (accuracy, ACC), W= (sensitivity, SEN), =]

=
SPE) 2 ROC(receiver operating characteristic)®] AUC(area under the curve)® o]Foj%

UM

ificity,
oA dElE sht oo AFeE Aot
B odbgol A go] 'MRMR ¥¢3#]F (maximum relevance and minimum redundancy) @i#]EF'S WHEE 7Ho A S
AKX (mutual information)E AFE3le] £ ATAE 7IAE SAld 2 TEAS 7MAe= EHEY FEHITS
AAsteE HE B3 UFe IAA-E F 439 AdE IAHES dugit. a2y, dEWESR AREEE I
E 9 Aol @ BAEE AL ofyr] wiiel, fAMo] BAHA & JEHTE Y AHAAE B
o AgstA FAste] A-d EAES AYse MRMR(minimal

dag]Fel sige] dgasitl. wbEA A
redundancy maximal relevance)® 3}7] [+ 2], [
3EE AL oyt
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[s<k4 2]
MRMR~= AA&4A(S §: I e 55&(]2713
(48t 21]

D(S. C)_E Zf(f,,c)

(584 2]

_ 1 .
R(S)= CE I )

A 8 ERskel AEelEAe T DS, c)eli, A ThE FAEte AxeEge Fe RS 9.
St HA AE, F#2 ey, o, ... ool OIS X MES FoojEde s I {9} ok HEoEALY
oz AolHm, WA AL s Y BE A FRHL 15 £7he] FE)EAY Fo 4o

D(S,c)-R(S)= HA3F 3t7] f1gelx o5 Husle 3S 734 MRMRS] gko] ¥

MRMRZ A E T XA Eol SFS(sequential forward selection)S A -&3te] st&ol Alg" HF IHES Z2A
e WAV FrHA R FA4E F e, olul Edd JAHE shH gol &S Alktetar, AY v ol
HES /I BEAS Vo R UnA EAES WHEHOR FUlele dE o] Tkl A7k e] §ERE R
A,z A8 4= k. vl s AE 2 2] SFSE MRR daeFoz 2dE 49 60719 JHE
sk Aolu, oo AlgE= A ofyt}.

<2 Ald 1> Data

el ARSE = vlolE = ADNI Ho]EHo] el A A Zlojth. ADNIE= 2003 el &2 d5-9<l Michael
W. Weiner, MDoll ol8) Z¥-wizt stV O AT}, ANIS F8 =FE WRI, PET, 7]g}
B7h, 4 B A= ek 72 olmA o] ADel 7] ¥ B A AH (5, WD IS
dd = deA AR Aolth. A AR, AR ¥ G dHolH, CSF A 84, APOE A,

B9 AR HAE HeE AN dlolE] A4 (http://adni.loni.usc.eduw)dll X F7NH o2 A}

A T ATHAERH AR SolE dglen L BHE 7 HolH AolES d HESIIE FEH S
Atk (A &S oy FE http://adni.loni.usc.edu/wp-content/themes/freshnews-dev-
v2/documents/policy/ADNI_Acknowledgement _List%205-29-18.pdf).

9
u)
(h

OFO >

B ool A MRI, CSF 2 APOE #0143 HelHE AHgsaltt, aﬂr T AEEdE xstoly B, A%
Ao g, AR hritol EFEAT. A7) WrbAke] Al Qlpehd W 9 AR © 20 depislc

<2 Ald| 2> Data collection

ADNI o] A}o]Eo|A Siemens, GE ¥+ Philips 27|UE AM&&te] 2 RIS 58I, oA =8 =
EZo] 7zt zaynity g27] wiiel, A7) o]ujx] 73t @AI= ADNIGIA AFegict, BAd = A g o]
(calibration), 7|3} si&% % ZAx & stElodtk, AFAIsE ARE OANI 9 Apol
(http://adni.loni.usc.edu/)ol A &t 4= o}, o]de BAHL onx] HAA g A uf2l 2} MPRAGE oW
Ao ALEHATE. o] AFA fE= dolyH A E AY SWoA #2 F HAS 98 73 2 AER 11
VEA olmAE AMEEGIT. HEA R 256 X 256 X 176 =S 1 X 1 X Imm HA(voxel) Apo]=e] o]
A E FHsAT.

2
A
E

a4 A7 X

CSF HlolEl: 20- 3= 24-G 35 b5 AMgste] vl B @ F ool FRHEAL. 3 F 1 AT ol
CSPE FAstaL Aol ok o R AlE o] AN F 2P A2 o] 5&3r).
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2¢7] ADNI w®po] 2 wlA
2} 2y HolHE A
(e3, £3), (&3, e4)

(E5AF U H] RH4AHE FAH ez #4831,

7

N
2
=2
X
=
=
w2
=
=
=
=
[}
=
=3
&
w2
&
o
&
(¢}
e}
>
o
=)
=
o
&
=
2
=2
X
ne.
flo
ro
B
o
-
Ll
rlot
2
lo
ro
B
ofr
Jn
|\
ol
lo
fl
>
>
oo
o
ol

52
e

<A Ale] 3> MR1<] Freesurfer 4

g4 AA L A4 F&(volumetric segment)S $¥3F4d, http://surfer.nmr.mgh.harvard.edudl Al A-fr&EAl <
Mz & 4 Q)& recon—all Freesurfer 3ol 2} (A 6.0.0)& sMRI on|X]dl] A &3}qitt. o] wjo]x 2}
A2 w9 Fjdal A Ao AlEe vk A W FA BEE AsoR AT 9F A 2 T
A3} A oll= My 22 AA, Talairach W3, 2 3 42 2 Mz o 28 Fx 73t 9 obE
e %, 92 %W mesh o] A nfx]eto 2 Desikan®] el wpe} 7 wk
Tl gk ¥ 3 (landmark) & 7I8ko 2 3] ¥ -85} (parcellation)ol A 34 7He] 3] 4
ge Ak, EA E4S 9 Freesurfer? qcache 42 Z recon-allS AME3le] HE3IE =333 tt.
Freesurfer We] QDEC =7+ A% R HC, AA), AZAXF N MCI) 2 L=3lojHHy

FA, 2WA 2 A J3 ol A E d AMEEHAT. TAASE gugle FES T HR BAES

o

A
=
hx+ 0% FDR (false discovery rate) p <0.055 AF&3}Sitt.

=
e
N
=
ro
o
<
i)

<Al 4> HAl P TRk S gl A

x 39 Mee = 1o Jebd vie) 2. Ty 9 A (feature) F3, I
zZ35, Arsl, JgH Ae " B ) shx] T8 dA 2 ARG, 2B dyo s SWH ELNel g 2 7HA

A e daelEe ma ey g gae] BrHe Yrow doly oldE s, A% 2dd Edol
oHAE S Folm, B ASEE AddT. Fo@ AL Edold HolH MEW Agdiel s e
% O HAE AEd Aggce Aol

vz Ael A, 92 AHEE FPsta, BE 9AH AES d9 B 2 zero meanlE A F3lEte] SEAS
olar 7] IH AE 3t dHoly FAARS Mt Foizl voly e uis], 42 3AE YERa g
7MY A rstd dES 4, )2 UERY A (DA 2ol At I3 At § gA d9s 9
3l e 9w (wrapper) #EF XIS ARESIITE. FE WHS ARgsta HA FHAY A #EA
(minimum redundancy maximum relevance, MRMR) HFE 7|Fo =2 IAHE A TE. MRMRS Al7]ol] Adw E o]
ATk, A AE Sell gk 7] MRMR A= B4 (2) FolEo] AdFUT.:

84 1

v _ X ap-mean( X ;)
mronm Std( X ;)
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84 2

MRMR= MAXS Z RGRD ! —— 2SS
S|

514 21

D(S. C)_E Zf(f,,c)

7244 22

_ 1 .
R(S)= CE I )

o

] 2@ ERele] dEeEgel 2 D(S. o), ME e HEI] AToEA] &2 R(S) 9.
St AH HNE, ZFHUx e, e, ... ool TIE 9 AE daoEde ME I 9 e AEoEAY
Foz HoHm, IH AE So gl BE dHe] FHAL 19 ;3] s gEAY Foz o

D(S,c)-R(S)= HA3F 317] f1ge]x ol& Husle 3S 34 MRMRS] gko] ¥

oA7IA Z# 2 C={cy, ¢z, ... cJol TS A MES FAAZLS ME A ;9 e s R HAgoz A
x| ¥ HE so e BE I FEAL f9 {709 AT AW HFFolth, MRMR &
HE A9 60719 A+ @3 (wrapper) EaiE]Fell A |
g3 A ME(wrapper feature selection) WHOZ A4 I A M= (sequential feature selection, SFS) <
1YEE NEsta HEE Y. SFS dagFe ol FAEL WHHS #8595 Neurosci Methods. 282:69-
80, 2017). L.oFshd, A9 2 MEAHELE MRMR 2 FolA A5HE A9 60719 HAAZFE HAe=a,
o] Iz} MBAE 7]¥kete] ELM #7719 AEg=E AlLkst

<A Ao 6> SV #F7] (support vector machine classfier)

dub o2 SWe 27 7hed HolH AESH vt w7bed wolEH AE R A8 & 5 gle ol Ei
7] (binary classifier) ©|th. o]AL ¥ g} Hopoa HrHoz dgrgon x|t 10 W Fot 274 st &
okl A 7 QIVIE HAle Y gaElEe] HAUTE. 7] SWe T4 HolH AEE AMESte] n-Abd I3t A

Ao ¥2 =¥ (separating hyperplane)s %t A= 57| (supervised classifier)o]t}. 49| s}o|
ZHHe 2789 EAl(target) F7HAF 1EE PE #F -Erﬂﬁ}—‘f ZAoltk., B wtgo|x:= RBF(radial basis
function) #4¥(kernel)& 7|Wroz A3 SyNz} B]AE SWS 2831k, RBF ALY 42 9 IA A
Eo g3 A3 Adry} Adso] Frb. st A5 CoF Ad }o]”ﬂ geful gy () AEE SWMAA 243
oF g}, o]y metw|ElE wAl HS(cross validation, CV) WS ALgste] HAHstHdrt. o] FA4LS HH
o] stoly IetulE] HAIE A7) H8 1089 Z=ol-(hold-out) F7HAE FAAEH AZE AEE F9=
deis wjvitk 10009 vEEE A, o] WA Aarst g R v ghell digk A4 =AY €=(0.001, 0.01,
0.1, 1, 10, 100, 1000) % y=(0.001, 0.01, 0.1, 1, 10, 100, 1000)°.2 Zzt A=At A HAZ5 A3}x
= (=1 % y=0.1914 Q9drt. =49 grEE g2E Ho|gAEd it AL S o=st=d AFRE QT

_11_
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F AZ&38kG 5 7] (extreme learning machine classfier, ELM classifier)

29 AZsHe 4Y #ojo] Atolo] &= (hidden) @olol® TAH O] gk, = gojole] tlE 71 F=EY
E 549 YEY A(feedforward neural network)olA 7]&7] 714k &5 dugE&or FASHHE 7t=x9F A3
o] Wag W, ELMIAE FE #olololA] Bt QY fEAE wE Taas glo] o)z I, =
NEA = g B golo] AlsES At AT webd, 71E2e AT us| s Hwsl B W
o Ok 87 2 B Aol U] ALeET meHolm AT & Q= sk LuelEor),

sa, N 2d Az (X, 1xVer o 17er', 2 =1, 2, Nyoll thatel nye] 8= Fdol Y= 09
BLMe] 22 WA (3)3 o] thehd % 9ltt.

7244 3

0= 2B jalw [ X+ b= 3B [, (x Py=h( X D)

A7l A Xk 17 27 i e g wEeld. sebiE p o o 47 9 2 B W ool

q

z7d02, ok’ & i Edold AMZol U ELMe] 2L ofnew, vk

FE oo ddsts o AEXE UEha, b= it 3 w9 uholo] 2 (bias)Z LER)H] 3=
gojojol] W B4 42 Uehdh. B=[B,..... Bul E 28 Fd Aol F AFEAgkolT, HE #o]
o) h(x")=tm ", ..., b (X 1= i Egerd wx xVo) giek 3= dlojole] =& Wi ot} (X' )=

Eglold MZol] g i WA S ool EHolth. HHo] FE Folo] NFANZ doww N Edoly AT
o e P ox are 48 Bas AEY] Qe wET A

7814 4
minh

I HB-2 | >+ 1 pll*

374, H=[hx .., X1t e =1 11"},

WA ()= HAsE AE Yeh, o9 43| (optimal solution) P = g9 o] 24xom &

& ek,

784 5
ras

5 :HJG%I+HH54L

7] A& At sebiEeln 1= w9l 49S vk v Ads P2 e § o g2E doly X
of g ELMe] &3 &7]9f Fo] AT,

_12_
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84 6

r_r, 1

O (X ) H (- I+HH")'L

H e FE =2 £E 194 500 Ale]l2 Ao FAS R A LR =(sigmoi
Aok, T3 HAH wak A5E AF AIEE GAs] 8 azl= A4 PHE Agste] FE b
A 7] BN S EE AT, R heA 271804 dd anEs #4887 98 3
L= $o 7 gEaEE 100 3] AMSEtaL Hd e ARSI

<A 8 nx} AF L Ae H7F(Cross-validation and performance evaluation)

W3k HAES A8 k- E2=(fold) w2k AZF (KCV: k = 10) WS ARESTh. 2E 7k A7) KOV (k
10) wak HS AWe ARSstel $9F 719 MBA 10 AR TR wpAde. BE 7R KOV (k
10) Wz AL AIHS 28-St U 2719 AEAHE 10 M2 FRAZ UH AT KCVe 2 2= (fold)ol
A, 7] dolEle] 90 %= M A9 MBEAEES 7jutor wdls dhGalE o A" oS, A7) dolEle 10 %
(22} AF AE)E AHEste] A7) BN B7719 A5 E Aaksisin.

B
O
[¢]

ﬂ.{

TS e )

Aol BE ANBEAME dFet= 7] B /7719 A Es o A= AN 9 ERENeH, 9
o HH MEMEZ AEEAY. vl 2 8% (accuracy, ACC), 5©°]A (specificity, SPE) ¥ W%+
(sensitivity, SEN)ol 3] &/ oS H7lskgltl. TP, FP, FN 2 TN 242} % 94 (true positive), 7
%d(false positive), A3 &4 (false negative) B % 24 (true negative)9] & YeRdT. FXH o
ACC, SPE, ¥ SEN2 3}7]e} #o] Axrs 4 Qitt.

=214 7
_ (IN+TN)
aceuracy ACC) = N FPFN)
=214
sensitivity(SEN)= %
=214 9
TN

azgel e =22 22 EAJ( receiver operating characteristic,
ROC) =Adolt}. ROC 4 o AAgS WAst 7719 A5 8oFste] A3l G4 vlgdd dig 3 44
H]£-9] Z 3ot} ROC AL dukx o=z oA 100 Alo]o] =22 EA|EE= AUC (area under the curve)® X%

AN

<AEd 1> BA X (statistical analysis)

i

Freesurfer? Qdec (WA 1.5)oA EW 7|uk OF A4S AFESte] 92 57, A (gray matter, GM) -

I



[0104]

[0105]

[0106]

[0107]

[0108]

[0110]

[0111]

[0112]

9 g guAE EASGT. A, 7 oty I3 9d 74, M R F
wWxZ3st7] 93, 10 mm full-width half-maximm®] €38 3 7}$AIQH
HAT. I F gAel wjEY o] JFS-2Q1 A (nuisance factor)® A%, AE 2 wHS Lt Gt XY B
g (GLM) A4S AF8-3ke] AD o] HC, HC ©f MCI, AD ¢} MCI, % MCIs o] MCIc Z1¢ &+ b

HE A4 vl 3d 74, 3494 92 A Foo gk T4 24 Ade = 3o vk .
Desikan-Killiany oFEet=e Q17 tie Fd& 7z whtolA 34 /o] 94 dgoz verh. AF4 F997F &
7] wigoll EE AEE Aolrb v HAH FARE AAE. 374A getr g gigk 954 F97 sho)el
v Eo] k.

T 4% QDEC #41& & HC, MCI ® AD 24 7+e] 7} AHelA 3id F3, 92 774 9 3HA9 2o

g 95 A 2 FHayH HE BAFET. & 4olA e 7 gty FR70l diE] E8ay Zolrt & F8 T
ARt AT, £ 29 40 FAE FAFSE FoUE ¥ FAdA sH7]e] W& BEET.

Lo

=
K=}

(1) HC ol w8 AD ZFolld & ol&eb(left insula), & AAF(left cuneus), 4 F9, & 4%
7 FR, S FE O Fe FA7E gRkth. HC vs. MCIQ A%, A, A4, F, $ A&, ¢ A, $35)
A g 9 FAZ o Skkth. FARSHAl AD vs. MCIS AS-, FHeF AA, 5 FF, 3 A, FH§ A
=550 g4 FA7 7PF Wol 9EFHAUG. MCIs vs. MCIce A, Fat A5d, = &, ¢ 53, &=
FE5 S5 94 FAVE Vg 2 AfelE Bl

(2) EUAH Bt A7) AD 2FS F95 <ok, #ARbeh, §-3t Ay, % 74, 5 A5y FHelA
HC 2R &2 3= 7Falvh. HC vs. MCI®] A5, &4 A%, &A% 54, 4 4, 94, ¢ #3589, ¢+ 4
Qb S FARAA A G S WA, FAMEA AD vs. MCIS AS, A4 FA, F 2 ¢ A 34, F4
o, S35 54, A 5 FuFHNA P 2 24AE BT MCIs vs. MCIce] 7%, 9% W3y, 9%
SH $FE, 9% 5 dut, 2% A5 Agy 2 2EH T F4 gYo] /Y B AelE BT

(3) HC w3} wjwate], AD oA 2 w R dAFqd, #4<ke}, ek A, 9ebek A, -8 54, ek 3
2 F7E gtttk AD vs. MCIS 49, 5 45 AFy, 5 45 A5, &5 29 AFY9, +5 U &+
2 o= R AgE] RY7t fw vt b £ o= yehdth HC vs. MCIO) AS, &, #Hd, #A
A, 5 A, AR FA FSelA AA Sl JPE wktk. fARSHAL, MCT o MCIed] A9, #5 29, F
5 A A, #F5 Feol 1 AFH, 95 A A 2 95 Y 9ol vt 7P A #Aad
HEol, A7 A4

g C gl sl AAA 2D BT, FAHS
A feluld f5o] A1, ADsh NCI Bxizkel 915 sEe] o)zt Al i)

<AlFe] 2> 9x] Me @ EF(Feature selection and classification)

ME A AEES MR (2, filter) 2 &3k 33 A8 (5, wrapper) WHES AREste] dEEo] o] 1
ol tigk HAel 9x AEE s E77] AFEE AMAEGT. vV Z g8 545 BE 9A A
EE Zdstal A7) MRMR 2 SFS S A&3te] HA e AAE desigivt. sMRIS] & 77, W4 9 53
E Agste] o8 A IH AEE WHEJTE CSFe Al 7HA A4 84 545 APOE 4 ZdE]; 2 OMMSE A
WA 9 HAFE 7R A7) MRR EaglFelA 49 60 7 IHE dEgk o, 7] 49 60 ) A"
g Ae &xA A Ade dugEs FLske], BN 2R7]4 Ad BF AFEEE @A) T HHe 9H
AEE AT, = 55 EM &7718 AFEste]l A9 MRMR &ag|SolA 42 A7 49 60 7l Fa=
featureol A =240 9A4 A8 T HHo| IX Al 5 yehdr, & 5% Z3dE I AE dsf A9
d X el o]2HE nA HE5E 53 Actd A dee] BERiel A=y Ad A 1A WY
& Awgtia 7HEE ¢ ok, olgfg AAlE WA, &7 e ROC A ofefo] HEw Bl WA oin] A
g vxo 2 FFsE ot

tde 54 @S 29 54 EF e a9E FUrE A fdl, BE 9A 9 ddd gk AlCE ALt
shlth. & 102 7] BN /7718 ARESke, ZF B 2El s A I3 2 BE JA (o]nF 2 H|-o]
ng wtel e whA S vl 9A]) xge g A7) ZE FAS dERdT

_14_



[0114]

[0115]

[0116]

[0118]

[0119]

SIHS31 10-2022-0160261

<Aldd 3> A% ¥ (performance analysis)

Argo A= 1A 1% (AD, HC, MCI ¥ MCIc)el wigh $1% #Aels FHsta 2detr] 98] 4 24 %

g B7E T NE SMRIE FreeSurfer =75 ARgste] AAZ AT, sMRIe B4 &4 A74E A
ki DEC= 1“15}3’— npR et 2 Aokl A AY W BF{F i wel 25 Y-S stk o ¢

Asl Al 7HA F@o sIRI 9 vlE" (9 FA, F9d F9) 8 g9A) S ARgegih. AD 3t
H = 3] B insula, pars opercularis, parahippocampal, superior temporal area: 32 7|, 3]
A 7y, xWA SHA AZe A4S wgrt. ek HA FAE FRbFRY gtk fARSHAl, AD vs.
MCIO] A, 7 B2 f15co] st Fest 5 —‘F‘:‘:' oA B3k, HC of MCI®] 749, supramarginal %
cuneus G elo] 7Hd wol FHJTE. MCI o) MCIcol A5, 45 2 A T4 4o 74, F3 F JolA 7}
& 2 AAE e o] d AfolE viE o R oy “4 A FA, J8d Fu 9@ WA Ao g dAF
T4, O olEd E FAHYPAA F2 YERT. o] A4S o ATl B F A A5 dHH
| 992 F2 44 14, &5 A, 53T AA AT L i AA|

% S 7]l

=
4

.

Hy
CoR H
o 1%
tlo
FJ :L@
ol

F

O
¢

2
>,
_(|>1_,
)
=
S
~
lo
ot
o
2
X
<0}
S
A2
ok
o
fu
lo
™
o;%'
tlo
O N

M o

T
z
o

2ot e
o

=, olmA & u] oju]H I H)e AWNE HAES] a8l sMRI 2 CSFel /¥ v

s ATEs FHIAT, 179 L AR F vHe} BAst TS HaESL oW oy 43
Sreel vlulstgivk. Ak A MEs fs) 2 B oy daugFe 2%S AHEet
g EH71e] Aes vttt sde Meto 2 SVM-linear, SVM-RBF 2 ELMo] &
o] i3 BF Aate 7 X 119 YeERAAT. = 7 WX 10014 B 5 950l
A M 9 JEe A Agwet vud u wol YA FFEHAT. Sold ATt
E JHlo g 3 A AFgrE= dxdlolwH TS 93k o]n]
e @4 53k, AD o) HCe] 7% CSF 54, 48t
HAXTE NCI o HC, AD th MCI 2 MCI ©h MCIce A% Agxr})
771 (4% B RBF-SVM) el H]z‘sﬂ el wok 7% AEs Ay nE 7

N
==

Mo g o
2 e g
12
S BN
off X o

o
=2

2
BN
2

,
QL
R
rﬁ
i od |o

ol
in)
Bl oo
I ",
O M oox %0
olft 33 off 0wy By
=)
=3
o,

oX Jm &L &Ry
BN
)
lo
o
=
o
=y
NOEE
&

=)
‘0,
N
o
-
fu
roe
o (o
dot
H

s AL
g
N
N
N
w2
=
=
Hm
\l

=
s BE A4S A Ao® Ueigth (B 12 #F). BN ZF38 74 &g EFo|y, F
8 AL dY A 2 dEs 2@ AN AT gE UH7H W7 SLEN oA A8 RiEA o2 =X
Bt Zolth. ELNE v s daglFel vlE) B oS AlEdth. = 7-109 ZdjelA AD of HCe| 7
S BF AdE SW BEF7)0 vl 5-7 % 7o Wi EE 98.04 %, Eo]lkE 96.28 %ith. AD o) MCI9] 7
9 BB HIwrl 92 ¢ UPES 97.33 ¢ ALERE 5-9 % Z7FATE. HC o) MCI9] AS BF HFEE 91.23 %
WZbEel 99.13 % Eo]%=® 6-10 % Z7FTE. MCI o) MCIce 799} fAHAl B/ ASEE 93.01 % I7Ee}
75.77 % Bol®=® 7-12 % Z7FEAR A& @ RBF-SW ERF7IolA ZHz; 84.67 % E 76.67 % So]A o]

7
oA, LN BF7] B4 A% Bl ) AL Be S AT, ME g5 &, 394 2 Ao Q)
G NG AT W g B4 A4 BIe] Sel Hlal o e A5E AEsatt.

<AE>

Ao, & W Al 7HA sIRT 54, 9d 5, 92 |4, 9 F9) 8 oA 7 v G4 54, CSF
4 84, APOE e4 B B MISE Hme) Z9be] dhxstolm AeE Rt s ASsdth. EY, o] =
e AmAAGN (F=steln] He] Ay w@ADE 27l AEE = e 2 FAHE BT/ o] Wl
A o dtele w7 dxstelmy eSS BN 27718 AHES 2H B gy 53 dES At
o BF71el Aee A AR "ol Abe 53] HC of MCT % MCL o} MCIcok #& 7H8 7tH2s &
Frol el ofdol Hie AdEu ey Blald ¢ Aodth. Bk iR MRI SA s A¥she #t
M =t AU ZREFOA areEofof drh. hEstelmy AdE 98] 54 59 e AA
A5 T SAN AREShs A2 ods] AubA]l wolrt. o] A i gxstolry eto]
50 A MRD 0] of] S Absstd WAl g AlaEel S Z1E W] 9 Hhele whA o] ZjHelA
e A= ¢ fles BAFAT
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)

k1

g

F1

shRT

FreeSurfer-based
preprocessing of structural
MRI images

¥

_Parcellation info ROls
-Cortical segmentation
-Subcortical segmentaion
-Whilte matter segmentaion

*

Statistical analysis
Qdec: surface group analysis

Cortical thickness,
surface area, and gray
matter volume

kW

Genetic

CSF Cognition
91, 230, 169 >
R Cognitive
103,49, 127 =T

APOE allele

Af . T-tau,
and P-tau

Features combination

T

Featares normalization

v
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E=r2
Group AD MCI HC MCIs  MCIc
No. ot 77 57 35 42
participants
Female/ 20/33 34/43 32/25 13/22 21/21
male
Age TRALTR TELETT T56452 739+72 743272
Education 151+32 159429 157428 161+29 158+29
MMSE 235+1.8 269+18 29.1+09 272+17 26.6+1.8
CDR 0.7+0.2 0.5 0 0.5 0.5

The entries for age, gender, education, and MMSE denote mean and
standard deviation for each group. MMSE, Mini-Mental State Exam; CDR,
clinical dementia ratio.

EH3

Thickness Area Volume
Left hemisphere Right hemisphere Left hemisphere Right hemisphere Lett hemisphere Right hemisphere

ADwvs HC

AD va MCI

HC vs. MU

MOE vs. MUl

-500 -150 000 2.50 5.00
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=H4
Featiore . u—--' i Verex Vilae S (o)
ADw B
Left imnda -M5 e ] e L -1¥12 Mg
Taft purshopposanpel =3 -417 &7 557 =220 W
P Left canew -8 -39 as 1. -1akh s
(I ey —y -l o 7 oM BT [T
Riught sperass wmperal {18 ) =52 -52 ] LN X
i cpescalarn 503 W2 aa e e al SHSEES
“r.‘n passeniral -158 -33 i " 1067 o2
Lo igenal optttrimtal -511 -2 75 - T 1] fTE
=, [ ——— us -x 54 1m T [i
Faght @denor parwtsl ] =519 WA nn ~1H02 THRS
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AD vs. MCI

Accuracy (%)

Number of features sequence

#----x Number of selected features = 27

(a)
HC vs. MCI
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Number of feature sequence

-+ Number of selected features = 17
(b)
MCIs vs. MClc

Accuracy (%)

Number of feature sequence

a---« Number of selected features = 25

Number of features sequence

» -2 Number of selected features = 13
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ADvs MCI

True-posithe mie

True-positive e

i
i
o o an A0 8o 100 0 i o 1] B 1

False positive rate Fabse-positive rute
----- Thicknes: s -+ Thickness - CEF
..... Arca <= APOE +MMSE Sl e =i APOE + MMSE
----- Wolume Concatenation -==== Valume Concatenstion
(all_features s=t) {al]_features set)
(al (.1}
HC e, MCI MClsvs MCIc

True-protive e
True-positive mie

it 20 Alk 1] Bl g

Falie.positive rute
----- Thickness == CSF
..... Aren -—— APOE + MMSE
..... Valume Concatenztion
{all_features set)
fe) i
EH7
ELM SVM-RBF SVM-linear
Features measure N R R
ACC% SEN% SPE% AUC ACC% SEN% SPE% ACC% SEN% SPE%
Cortical thickness 85.13 92.07 85.44 0.86 80.68 85.68 83.81 77.17 83.17 73.81
Surface area 82.30 89.30 91.54 0.85 76.16 86.16 75.14 78.67 87.67 72.62
Volume 87.90 93.87 84.75 0.88 79.29 74.29 78.33 80.00 77.10 63.24
CSE 89.73 96.33 87.38 0.89 79.05 89.05 74.17 75.33 83.33 68.57
APOE + MMSE 86.45 95.13 87.00 0.93 82.03 87.03 84.67 84.16 83.05 78.79

Concatenation (all_features_set) 97.31 98.04 96.28 0.97 91.33 93.33 87.57 93.50 95.5 90.58

=58
ELM SVM-RBF SVM-linear

Features measure N ) 3

ACC% SEN% SPE% AUC ACC% SEN% SPE% ACC% SEN%  SPE%
Cortical thickness 70.10 81.30 66.10 0.71 64.01 83.83 62.33 65.03 78.80 73.30
Surface area 61.60 66.70 84.30 0.63 63.45 68.10 80.11 60.67 71.23 62.85
Volume 67.80 82.10 67.10 0.69 58.20 77:92 68.56 60.05 73.37 63.73
CSE 64.70 66.00 81.40 0.73 56.07 62.75 75.73 61.23 68.71 79.37
APOE + MMSE 81.45 84.40 87.70 0.82 76.81 67.81 85.48 76.20 66.94 87.48

Concatenation (all_features_set) 87.91 92.00 97.33 0.89 83.50 88.64 76.72 78.31 74.45 82.62
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)
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ELM SVM-RBF SVM-linear

Features measure . N )

ACC% SEN% SPE% AUC ACC% SEN% SPE% ACC% SEN% SPE%
Cortical thickness 75.40 84.07 67.90 0.83 74.17 80.81 71.23 67.34 7317 7793
Surface area 74.15 65.20 83.85 0.84 63.54 67.67 66.47 68.72 74.43 67.35
Volume 77.84 88.41 72.80 0.84 65.47 74.73 68.75 72.83 78.27 65.70
CSF 83.30 73.93 84.02 0.85 73.39 75.25 66.83 75.80 73.38 78.14
APOE + MMSE 79.37 93.25 72.97 0.89 68.29 81.73 76.68 70.23 81.24 78.05

Concatenation (all_features_set) 91.72 91.23 99.13 0.93 81.70 83.68 87.49 85.65 78.54 89.26

EHI0
ELM SVM-RBF SVM-linear

Features measure

ACC% SEN% SPE% AUC ACC% SEN% SPE% ACC% SEN% SPE%
Cortical thickness 63.71 71.10 38.37 0.64 57.18 65.53 60.38 50.05 71.18 68.13
Surface area 61.43 72.28 74.80 0.69 54.25 63.22 76.17 58.27 72.23 64.85
Volume 67.85 84.40 87.73 0.74 5917 78.28 67.55 62,14 7445 57.73
CSE L3 78.84 68.57 0.72 64.73 60.09 72.78 67.33 78.82 68.78
APOE + MMSE 76.09 87.13 72.09 0.79 65.53 68.81 67.43 68.08 7221 66.33

Concatenation (all_features_set) 83.38 93.01 75.77 0.85 71.37 81.16 76.75 75.71 78.38 84.67
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10 100
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ADvs. HC ADvs. MCI HCvs. MCI MClIs vs. MClc

— ELM
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