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Auje] A X gE feked, Al FAAME 7 fFHEC] =
o =3slo] ] (Alzheimer's disease) 2] $3AAFe} A A|A] 3% (biomarker) 5=

gpebstaial sk o] A EE 3 vk x99 ¥ A7) ¥ IA(magnetic

resonance imaging, MRID oA #&E = wWx 759 A% (white matter

—

hyperintensities, WMH) &] S7}= &=3sfo|myo] wkby dl 21x}o] Q1% 7]&
Astel Aol Stk HE, ¥HA dHoAFE "o A wet 9d 159
A (WMH) e Al 71do] =27 wizel, QIxe] wWE 9 159

AE(WMH) 7 5171% Aste] w2 Gl tg gloleh 7hae] dlFH ot

thskod ofrgsharal S

P o % 283 Mol Aol Folskpow, FY AxTel 112 Welw
bzstolopy  gabwel 171 Felfrh  RE  dgXEelA  CERAD

ARZAE A e ¥ A7) F G4 (MRD HARE A A8 T NINCDS—ADRDA



A 7)ol wep gxstolwy xS AR d=stolWy Ak 9
fxzroz A4 AATe dAsidn W A7l ¥ GG MRDOlA WA
159 AT (WMH) €235 Aty ¥HAd ZHS=EHES A wet
w21 A (juxtaventricular), 259 (periventricular), 2% (deep) ™2 139

AT (WMH) Z &85kt HA32 Wz 37189 AlS (juxtaventricular white
matter hyperintensities, JVWMH) &= 324 ¥wWo|r 3mm ©u|9re] Azl
) A8FaL periventricular caps ¢ halo & X3st= HFEOZE Ao st
WA Wz 3789 A3 (periventricular white matter hyperintensities,
PVWMH) &= ¥4 ZWolA 3mm ©]4 13mm ©Rke] Age] $As {Eo=
AolstR o, AR Wz 3759 213 (deep white matter hyperintensities,
DWMH)+ ¥4 3EWolA 13mm o] "olxl o] X ¥z 159

AZWMH) 2 dosigit. Bid 159 A (WMH) &4 #te diFeEx
golgz wW3lsly] 9ste] log W3(ogarithmic transformation) 3F$ 2.,
HAdd Ml a9 ASJVWMH) &4, Hd5d il 159 A5 (PVWMH)

87,

=

A 159 AZOWMH) E4% log WH3(logarithmic

1z

transformation) 3}tk ¢=slo|MH o] A Q<lg dolr7] flste] ZAAH
37 &4 (logistic regression analysis) & A8t 1, WA 159 4% (WMH)
|24 " I A9z ARAYHAA 78 ke dAdAde gotRr] Slsked
ek A8 39 B4 (multivariate linear regression analysis) = A8} th.

A3 ¢ d=spolwy gAre] WA us59 A (WMH) o &4
3t 20.7£18.2ml E A AAT9 6.8E£8.1ml Xt} ZtH(p<0.001, t—test).

d=slolmg ol v QS Loty 93 2AAY 37 &4 (logistic



regression analysis) A3, @A 1&9 Als(WMH) €7 HE log %9

%AHH] (odds ratio) 7} 5.967 (95% confidence interval [CI]=1.550-22.986) %

=
i)

1&Y AT (WMH) €£480] 10 mR Z7842 gxsto)my 3L
5.967 v F7tetivh. HAFH WA 15 AF(PVWMH) €74 H& log %9
<A (odds  ratio)=  4.021(95% CI=1.592-10.156)% =& 139
25 (WMH) 9F frAFeHAl d=atolw ) 133} frofgh dAeto] Ugieh. A5 i

¥ AS(DWMH) &4 Bl& log #% d=stolm® 13 Fogt Aol

ey
o

A3 tH(odds ratio=2.873, 95% CI=1.227-6.731). A& 37 *4 (linear
regression analysis) 23}, &=slo]Hy xS F WA 13 A5 (WMH)

A2 Ao A AAHP=0.008), ©of H= 7]e] HAF(p=0.023)°f %

J8FS Folrt WA 3729 AT (WMH) €28 A ZTHOZHES AR

s el Aol #34 HAHP=0.013), ¥k= =A€7 HAHpP=0.037)°l

)

(PVWMH) &34

A AF(p=0.02D el Fost &S FAT. AF WA 359 A5 (DOWMH) =

orzstolmy #7

S¥
10
[-‘O
N

715 AAREE Aol lsit

AS (DWMH) &40l L=sfojmrge] s Aol USivh =42 94
a9 AZUVWMED, Hd-sd 9" 359 As (PVWMH) 842

dzstolm Aol A3 7] (executive function), FA 7193 A4



7191 (working memory) 5 %9 (frontal lobe) 715 Asflel] LS v H ).
A WA 3159 A (DOWMH) £22 d=sto]luie] s Aol
dz=slolw g Fxpro] ARl QA TE Astel Fost JFS
m) 2] A 9kt simf(hippocampus) 2k FHACE WA 159 A5 (WMH) =
dzstolmy o] Hhg 3} k=slo]mr Al Q1A Ve Astel ddFe FAL,
WA 78 A (WMH) 7F dxatolw i o] Wi ap g=stoluy 3479 Q1A

5ol mAlE FEE A w2 RE ] Al wet ZFolrh AT
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1. =H7| gxco|nHol S

v wE ounr|Ee AR G5 FAHE AR oln 173}
Abslel z19)skqlth. 2020 W ekt 65 Al o] wRIITgE 812 W
5 HAPoex HA AT 15.7%F AARoH, w117 dAFdE HE&=
A BH 65-69 Al7F DA Q142 5.1%, 70-74 A7} 3.8%, 75 Al o4 <147}
6.7%%5 AAsta JrkY wQQlTe FF o ke feueiint ofyel A

AAAoR A7 Frtel wE HPA Aol gt #4lo] AAI low > Y

589 A AxeE 2018 de JlEow AR Be  §3o)

Al golth? Auiy e AHEIE wge WD B Bels AEe el

A Aste] & dF= vA] "o, A 9 7] AR i]le] Fasith o™

>
>
12
o
ol
o
2
o2
2
2
o
Hl
12
ot
)
rlr
u

d=slolHygol Y HAFLS FQ
A A 3 (biomarker) & AWE £ gkt Y oAl g oldREolt

@ E (amyloid—beta protein) ] FZA, A4 H3I = &4 HHFN

—_



EFS- w94 (tau protein) @ =7}, fluorodeoxyglucose (FDG) kA At W& =
#9J (PET) ZHAAA =%F-549% 94 (temporo—parietal cortex)olx &

Ay

29 w1 A7) FH O GAMRDOAAA =59 (temporal  lobe), U

v

T4 9 (medial parietal cortex) @] $& So|t}®

¥ Fule QA =3 Aol FxF Aagia ey, gzsto] o)
LSk Aol ¥ o AAA] w3 3 3 vluA] ©o wEA
dastlon, ¥ Hu a4 At AgeE A i A Eo] sFobX ol 1A
s At A ez yepgth” vk (hippocampus) o A7 AlE
2L d=slolmye] Wzt dAyEo]l 9loew® &ul 9% (hippocampal
atrophy) & ¢=alo]mw ko] WA A & (biomarker) & o1 ARg% 1 Qrh?
=494 7“4 (hemorrhagic infarct), ™ 29| 3d (ischemia) ¥} = W2 2]
el 55 Xk Hd#de WHsle Au PSS, obF A

935 e 1S s A4 kst



HE usY AZWMHE =99 ¥ A7 3% G MRD Y fluid
attenuation inversion recovery (FLAIR) 7oA E3tA #ZE = WA o]y
Asder F¥ WA BRu Prrt & Wholt. Ad AgEelA LNkl
Aol Md 159 AT (WMH O §8&2 39%14 96%7+A theFsieh'”
AF= oA AAsE 55 AoA 85 Al Alo]e] FFE Fok(the Helsinki Aging
Brain Study) 9 FHE&2 39%%0m 'V Aukel o)A Rz Mutd 60—
90 Al Afole] w91 1077 WS tiid o= 3k The Rotterdan Scan Study i=
95%9 fHES HuPo MA 159 AT (WMH)E  Algtel] ot
Z7}él=d], The Rotterdan Scan Study ©lA 3 {7 4 FAMsE A3}, 39%9]
thd At WA 159 AZ (WM 7 S718F ek 39 vr]ael o 65—
84 A x<lg oz A A3k LADIS (Leukoaraiosis And DISability) Z3ZE
ATFoME Hd 159 AST(WMH)E 3 d FHell ASEA 394 B tdA=

73.6%%1 290 oA WA 15 AF (WMH) 7} S7batdoh ! 1

APol TrrEEE H MY WEYE MAs] APEHW, wmd 3

o

AT (WMH) & A48 w3t B s dojdeh'” Jey, a3, 1389,

D, T, ¥4 H=F (lacunar stroke) o Ad@ @glo] WA 1S

o

A% (WMH) 9] 98iatslo] ojn] &g om 17720 wz 389 A5 (WMH) 7}

AA 7159 Ash P g Ao} e FAA F T Y Ao To &5



Ve Ae 0 QAFT B A7 Ag 9 W8y Ao g Aol

B ey AZ(WMH) S 2 Zdels o8 ¥d #gol Fgste

nd aed AWM & Hd5d B asd A (PVWMID = Fehgla,
A EHolA 10mm o] "ol da v A d B3k (small vessel disease) ¥}
Ao 384 (ischemic) W7l @clo] Hi= Wz 189 As(WMH) =
AR A 159 A5 (DWMH) 2 F23A k™

2008 dell Kim & *V& W&y 71529 o] ZAste] WA 159
AZ(WMH) 9] AMEE +FE Attt 94 159 A (WMH)E A7

B3] &4 (non—ischemic) WA 1&¢

P>
}011
=
=
=z
o
_‘OE
e
o
=
@]
jmn
@
=,
c
jus)
=
N

=

59 AS(WMH)ZE Ura, HA mHozRE ] Age wat oAl 4 719

TFE Twg e Akbsld WA B HAdd 9E e 9

[Py
Az

A1 % (juxtaventricular white matter hyperintensities, JVWMH)¢|t}, A
zHeA 3mm oJulel] fIXI$t periventricular caps £ smooth halo +
H|51 ¥ A (non—ischemic) WMoz WAst=H olE HAZE WA 15 AE
UVWMH) & g olatgler % w47 My 3159 AF(JVWMH) & =2 1)s)

A7 % (subependymal gliosis) ¥ A#WHE %3  (demyelination) &



HAe Y Z (ependymal lining) 8] EAEJOR Qleto] opr| s m], | H 5]
fE3E #FAEgS P By BRE HAFW 0 wm 389
Al % (periventricular white matter hyperintensities, PVWMH) o]t} 2]

ke

kel
vH O ZHE 3mm oA 13mm Alele] e WA 159 AlF(WMH)Z

Bﬂ

A (ischemic) Wrolty, FT9AHst 5o fAFJAA=ZE, wAdZAA
F A8k (hypoperfusion) 7} f<lolth,  AMAA EF%= & dA (ischemic)
Hyog AR WA 789 Ald(deep white matter hyperintensities,
DWMH)olth HAdFd WA 159 A (PVWMHD & 912 9 3159
Al % (juxtacortical white matter hyperintensities, JCWMH) A}o]ef ¢ x|},
2 g9 JFRE= v A AAS (small vessel disease)? o] JqFS W=
HRolty, Eo=z, IAFA HE (corticomedullary junction) Z2%E 4mm
olie] A= AF WA 1Y ASOWMHE IHd2 #9d 159
AZ(JCWMH) = AdFekdith o] Fo &2 w¢ AAxE 21 A
2174 (long  association  fiber) 9] FFS W= AR @wHA 185G
A5 (DWMH) ¢b+= 28] &2 18 2ok U A4 A #(short looped U fiber) 7}

wxebs] we] A% WA 139 AT DWMH) e Fiehgieh 59



WA g AEWMDE A4 7% AsE ddSsh] dxstouy 5
Al @A FAAAED IO Qg S5 AsE Qo AHe ok

BehetA grom, WA uHY AT(WMH7E 71ege] Fad F3 #od

»
i)
)
[-'O
b
o
o
N
)
o
ol
I
)
o,
(03

tdzo]l= @A (amyloid—beta protein) 2]
Z2S of7|AA QA 75E AspAZItkE JHdo] A7 HE Y WA 389

A (WMH) &= 1 A&7 A5 238 7] (executive function), & 7|%&

Fo HEFY, A7 FA Y 9 A#ARNA X %S AspAzIghE 30
LADIS (Leukoaraiosis And DISability) Iz ES Fod A+ Az, wx
159 Az (WMH) = A ujol& oY+ d#glel AR 75 Askel 7Zhgsh

oFAxz Aol wF, WS 559 $15(medial temporal lobe

N a59 AZWMH) = f1Aol weh 2 7)o g27] wjZe], ¥4
FHORFH Al wel uo] 1 Ve AolE st sk
ATsel ALFHANY A 1Y AZWMHE HAFHE 9"l 159
215 (PVWMH) 8F A% 94 1359 A5 (DWMH), 7 F9= F28ke] nlas

A ATreld HAFH Nl 15 A (PVWMH) &4 A @4

R
dlo
o2

AFZ(WMH) ®t o AEAQ Q1x] 7]% AeE o=sgeh'? A3 wmz
159 A (DWMH) €42 a3 @z 159 Al (PVWMH) &= &

% 29k Aol AAUTh 0 WA 1eY AT (WMIE Av) Bxel



BAA 3

g o]

=
[}

g 7

2 A2 A

Fol o3 o

(biomarker)

ol

o} 714

L Ean s B P A S

A& (PVWMH) & A&

%

o
=]

al

(WMH) 7}

Al

w2

o]

W 75 Apolel <A

T ok
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o
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<
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T
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2. 87t 7|zt

2018 d 1 #4¥ 2020 d 1 E7kA ALdAE ZAs A7 A=

EE LT e

BE A oA Al st=3d CERAD (Korean Version of the
Consortium to Establish a Resistry for Alzheimer's Disease, CERAD—K)
g7At 5 AAsth. CERAD AR A AR AAH ez AMgHE
waAbe sz, O Bk AZAER, BARERL £
glom Aul Awks} €9l Ag o] stk B AFel AL @ walel

AdstA Estd =3 CERAD AAASHANE ARESRdvh. A A RS

Al NINCDS—ADRDA (National Institute of Neurological and

Communicative Disorders and Stroke and the Alzheimer’'s Disease and

Related Disorders Association criteria, NINCDS—ADRDA) 2w 7|3 Y&
10



ArgEtom, QX mE7HH E (Clinical — dementia  rating, CDR)*?&

A A8kt NINCDS—ADRDA gk 7107 7bs  <d=3slo]wH (probable

Alzheimer's Disease), 8 ¢=3}o]HH (possible Alzheimer's Disease) &=

A AAE Bkl A 7ls AskE flar A 7 = (CDR) - A3
2 g7rEv 55AQ 4 Aol ks AR Ao stk

BEE A AR H A 3 9 (MRD AARE AAISES o,

CERAD 4l

o

Al detel 4R QA A @A AAstdh £

= =

=912 =AM (Korean version of the short form of Geriatric Depression

Scale, SGDS—K) °¢ =z 29 AHAu= HHilsgon, & EFukay

B2E ¥ A7) ¥4 9AMRD AAF= 3.0T Philips Intera scanner =
AFE-EFe] AT el AAER L, 3D T1 ZFE 94 (three—dimensional

T1—-weighted anatomical image) ¥ 3D FLAIR 9%} (three—dimensional fluid

attenuation inversion recovery images) = -3} T},

3D FLAIR 9GAteA @z 1129 A (WMH) &3 xz3td Az4

=749 (automated quantification methods) & ©]83}o] t}h53 o] AAsFA ).

11



271 ¥ 93 (MRD =<2 MATLAB(Mathworks, Natwick, MA, USA)Z}
Statistical Parametric Mapping version 12 (SPM12; The Wellcome Centre for
Human Neuroimaging, UCL Queen Square Institute of Neurology, London, UK,
https://www.fil.ion.ucl.ac.uk/spm) o4 #| ¥ =S o] &3te] A H A

2E 7] 29 9GAMRDES 98 A9AF ZTF HAlel Digital Imaging and

>,
lo
it

Communication in Medicine (DICOM) I} 34 AF ol SPM12 oA
3D ¥ A7l ¥ I MRID) Lo 2 < Neuroimaging Informatics
Technology Initiative NIFTI) 3} 2oz wW3sgitt,. MATLAB ¥
SPM12 & o]&3}o] 3D FLAIR 942 3D T1 Ax Fdol 5F3FA L the
Lesion Segmentation Toolbox(www.applied—statistics.de/lst.html)®] the
Lesion Prediction Algorithm®”& o]§-3}¢] 3D FLAIR §4elr W w5
AT (WM E T2t fd 159 A (WMHE H4d #7o 259

Aelel weh WAd WA 19 ATOVWME), HAFW WA 189

|

el
_O|L
32
o

A& (PVWMH), A4 w2 189 A5 (DWMH) 2 A+

rie

F 713 2008 W] Kim %5 Vo] AAsH WA 189

i

A9
A (WMH) 75 Faste] Aepgich. WA Edelx 3mm w|REe] 7o
X8kl periventricular caps $ halo & X&sh= FiES HA4d #Hd 159
AT VWM = A osiint. HAdFH My usy A PVWMH) & 4
EHOERE 3mm oA 13mm Atole] QIxg FE-Oo® o5t o, 13mm
o] WHojx Fie wid ugg Al

wz 75Y As

folr
=
=
=
rlr
o>,
iz

(DWMH) 2 Asisict 2 dAFeA= IA-dZE w3 359 A (JCWMH) &

12



ofo

ol wjg o} FEFekx gtom AR wid uF4Yg A (DWMH) ]

EZ skt (Figure 1).

Wz 24 (white matter volume), 7] W €4 (estimated intracranial

volume, eICV), x| i &2 (total brain volume, TBV), 3ljn}
&4 (hippocampal volume, HV) 9] > 2 &2 ¥ 27| 379 44 MRD =

B e T2 A Y (FreeSurfer) A2ZEY o] T7 738 o] g3sle] Falyir ™Y

2
[N
ol
il
o
)
ok
r [
_>‘i
.
1o
rO

A 7% B7be 918kl CERAD AlZA =3 AL
B7E el =3 AFEAR 9 Jhell "she], F7F A HAFE AlselH
CERAD A AA & AAF &27AF 9 7l &85 Aol 534 #H A} (categorical verbal
fluency), RAE o]F o7l #HAMHBoston naming test), 3Fo] AAAeE] HAF
(MMSE-KC), o &% 719 ZFHAR(word list memory), T4 &
AA} (constructional praxis), ©o] &= 34 HAAF(word list recall), ©o] 5=
Q1A HAAF(word list recognition), 74 3|4 FAAF(constructional recall), 24
=71 AAF Atrail making test A), 4 ®F&7] A} Bltrail making test B) &

9NZ FAPE Y

Aol FEA A= Aol A, ol 719, A3 7] (executive

function) @] S Hrlsl, A5 (frontal lobe) 752 wWhYsith HAE



A5 (frontal lobe) 7]s& HEYsl= AP o=z F9o HzFE, AF

71% (executive function) & 3 7}3tt},

F7F AAFR vlE2 A2 9]$-7] #HAF(digit span test forward), ATE
52 919-7] HAF(digit span test backward),’® wo] AEE AX}(stroop

word), M2 ~EF ZAA}(stroop color), ©o] A2 AEF ZHA}(stroop word

and color),’” HEF4Y 7% HAF(rontal assessment battery)®’ &
AAEATE A 9997 AAR: dEY A ASHAF 4 F(Wechler Adult
Intelligence  Scale—4" Edition, WAIS-IV)2] A7A} 3dg=Zow =z

7191 (working memory) 9g& =AY A~EE Al AAF 7HHS

Ni

=]

12

PR alqkE gAabelw £, abA| Fd S5 Q1AH

rlr
ofr
ol

==
=

s

A8t

d

a4, A< 719 (working memory) & F3ZE & ALY AFH JF
A X e AR A" AAF =72 459 (frontal lobe) 7l &

Bkt
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of teide SHEE T A (t—test) S o] &3}
et o, AH T WHWFEYE WHEE= Jtol Ay A4 (chi—square

test) &2 EAEAT. W A7) ¥ YA MRDOEFE wHd 3159

>
fol
=
=
=z
FO
i
it
m
z
N
=
dlo
o2
}oT'

JVWMH) €7, Hid5u 9
159 AS(PVWMH) €7, A% #Wd 159 A5 (DWMH) €4, 771
£4 (eICV), HAl oY LA (TBV)# v &8 HV)S TF3te] A
Bt ZEEAE Feder SR T HAA(t-tesh o2 Fuzh

kol & Hlwsklv, WAl 159 A (WMH) &4, 571 Ul &4 (eICV),

wEell, FHEF Aol FFE wA £ e FHEFES FAE
A (ANCOVA) & A AIeHd et
Hd 15d AT (WMH) €45 A e dHolBHE w87 §5ko

log W& (logarithmic transformation)stglom, ¥HA7A wx 3

o
o

=9
A

A5 (JVWMH) €74, Ha3Fd WA 3789 A5 (PVWMH) €%, A5 wxz

=9 23 (DOWMH) €749 AL vx7MA=Z log "3 (logarithmic

=

transformation) & 3} t}.

Bd 159 AT (WMH) 43 A7, dAAMH=AAHCDR) A=,

o]

A7 Wy e AFUVWMID &4, HAFW wd 18y

dlo

15



=

Az (PVWMH) €4, A% 94 159 A5 (DOWMH) €4, sivf €2 (HV),
T U 248 eICV), Al di¥ SXH(TBV)HY F#AAAE Lolr7]
218to] Pearson A#AF (r)E Abg-39dth.

w2 759 AT (WMH) €243 A3y QJE5S 937 sty A3

3l7] A (linear regression analysis)S 2AAlsow, Wz 1899

O

o, A, 75 A4, ApoE4 9|

POI'

ol = o

(WMH) &4 4= & A«

X

FAA 45, FA U £4 (eICV), WA ¥ &4 (TBV), vl €4 (HV),
A& SRS A 3% (CCD, w12 H EHAHSGDS-K) A,
AAL 2wl A =7 A} 8 A% (Clinical Dementia Rating Scale Sum of Boxes,

CDR-SOB)& HJHWs=zZ Asta, WA 159 Az (WMH) €49 log

bzsfolmmel Q@ ee detusl  gstel =Ax" 84

oX,

HA (logistic regression analysis) S A3t o, AH AHEH wS A5,
ApoE4 Wo] #FAA #+%, Al ZE5H, &vk FAMHV), #Wd 159
A (WMH) &2, &S Sk AE(CCD, =93 =d1A)
A4 (SGDS-K) &8 d# 21s FAst. #4& flste] A 159
AZ(WMH) €45 F U &8 eICV)ol dg Wad 159 A5 (WMH)
€4 vEgxE Wasidv. #Md 159 A (WMH) &4 F71 U
4 (eICV) oz Q1% s we F A7 "o, F/H Wl &4 (eICV)el
gk W 15y AS(WMH) 849 vl&s Fsiivh. vlE @he A E
HolHZ WE7] 93t log W3k (logarithmic transformation) 3k #h=S 912

1Y AZ(WMH) €4 Rlgz st Md agd AS (WMH

16



SAERE oY}, HARE WHd 3159 AT JVWMH), H4d5H 94 3359
A5 (PVWMH), A% @4 159 A5 (DWMH) €45 &4 H&s 34
log W 3%(ogarithmic transformation) 3}t HAA w4 37159
AZJVWMH), ¥HAFH 94 159 As (PVWMH), A% #4d 159
A5 (DWMH) &4 H& Zzts SHWsE 4] dxstolm i 3o

AR S A7 Y3t A AEH 39 EA (logistic regression analysis) <

My 3159 AE(WMH) §20o] 1A 75l A= dFS A
st gz AE 3] A (multivariate linear regression analysis) <
A AsEE Y. A3 3] # #A (linear regression analysis) A= F70 v &4
(eICV) el digt Wz 33 AT (WMH) £2° H&S 3o, log W
(logarithmic transformation) 3t S W2 159 A3 (WMH) £2% HE=
ettt e ddAE ddez A HAd, AdE
=, vk FH@V), ZE SHbEW AR(CCD, w=R1F=HEHAA A

(SGDS-K)¢} wa w&e ASEZ(WMH) £7 vH&S =gHWE4=E 8,

O
=
=
>
)

>,

N,
o
o

>
>
1o
P>
b

>
>

5 X3S A e A 164 A4E T

T2 st EAEAT. AY 37 w44 dE A 5 Aoz F
et o, 704 olst, 70614 754 w| R 7541 FE 804 mRE, 804 854
n gk, 854 o] T 5 AHo®E ERsH. WA 159 AS(WMH)E S
of wet BFe HARE Wd 13 AT VWM, HAFdE B v5Y
AZ(PVWMH), A% wd 3139 A5 (DWMH) £40] AA 75 HAFe

MAE G A el ARe SYUGE shel AF AN 24

17



-y

(linear regression analysis) 2 AAl&gth T3, AA AX o+ 2=3}o]

2

Wz Q1A T]so v A= WA 15 Als (WMH) 939 zlo]lE &
71 9kl Z+zte] Hwko] tdte] AE 3|9 #A (linear regression analysis)

ERET S

o

2E EA BAE& STATA v15.1(StataCorp., Texas, USA)<&

ARekaL A freaeES 0.05 vRke® Sl
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Iv. 2 3

1. FH CHARRS] GITAREIBIE S4 U AYH SX

T AT A F 283WoE W AH2 77.816.94, B nS A5
t 6.8£5.5d0]tH(Table 1). WA 139 ANF(WMH) 8§22 H 152+
16.4ml 93, HAZA WA 189 ASZUVWMH) €248 FF 6.915.3ml,
AFd Mg 159 A5 (PVWMH) €4S FHt 7.5210.3mlol™, A5 9
159 AT (DWMH) €49 Hd2 0.8£2.0mi¥d. AFEE dojgz g
3t7] 9138k log ¥ 3F(ogarithmic transformation) ¥ 2 159 4135 (WMH)
€49 log #E Hir 391053} (Figure 2). HARE @4 339 A%
JVWMH) &322 log #2> Hd 3.610.4, HAFH WA 359 A3
(PVWMH) €249 log #< FH 3.410.70103, AF 94 139 Az
(DWMH) €29 log a2 Hit 2.4+0.701d. aiv} €8 (HV)S FH 5.7+
1.OmIgit}E dlvl &4 (HV)S X s w3t7] wiel log W3k (logarithmic
transformation) 34| 9+¢tth(Figure 3). A o €2 (TBV)S H 1027.8
+103.4ml low, T U &7 (ICV)2 H A7 1524.61169.60]3]t.
& T A E(CCD FHaEakS 4.0+1.4% 01, w99 H EHAHSGDS—

K) A3+ H4t 5.814.470]130 0
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Z AT R F AN QXS 1129, d=sto|ud Fxpo] 171%o]
UtH(Table 2). &=sto]m Sxpre] Hd AF2 80.74E FA dAT
734X 8 E=gh(p< 0.001, t—test). F AT AHS nuFdS w, =35
ol Ao ogAulEo]l 70.8%°% AN AATY 51.8%KTF ottt
(p=0.001, chi—square test). &=3slo|HW 22 o wF AFE 4.6d0]
3 A AT B AFE 10290 dxslo]lmy St wS 50

ARy AR FHTF W3t (p<0.001, t—test).

2 A A9 6.8+8.1ml o] HEt] HtH(p<0.001, t—test). e=ato]nHy
FApo] HAE MAd 15y AFZJVWMH) £492 H# 8.9+15.5ml=

A9 3.7+3.0mlE T 701 (p<0.001, t—test), &=slo]my 222
AFH M 159 A5 (PVWMH) &4 % Ha 10.6E1.2mlol F7 AT
o] g#o] 2.8+5.0mloE d=zto]MHy F{xre] HAFTH HH 159 AT
(PVWMH) €20o] Z1th(p<0.001, t—test). A¥ MA 3139 A3 (DWMH) 9
&2 ek, d=stolwy e H §Fo] 1.3t24mlE AN AAT

0.4£0.6mlEt ZAtH(p<0.001, t—test).

d=stolmiy ghatrte] WA w5 A (WMH) &4 log ¢k 4 4.1+

o

ke

0.4% A2 QA2 3.60.4K 1} ZtH(p<0.001, t—test) (Figure 4). ¥A!

HOZEE ] Agle wg} BHE Wz 189 AT (WMH) €4 log 3 vl

20



A, d=slolmy bt wAE WA 189 ASZ(JVWMH) €4 log #2
H 3.810.4% AA QAT 3.4F+0.4¢] nvlste] Hom (p<0.001, t—test)

-

’:B
0Q
[
=
(@)
91
o
N
ol
o
i)
oF
riet
N
M
1o,
i
>
N
(i
1=
i)
‘_
o

g A% 24 (PVWMH)
log #tol H 3.70.6°% FA AAF2 29+0.7HtF A (p<0.001, t—
test) (Figure 6). A QX9 AF wx 159 A5 (DWMH) log#ke]l H+

2.110.70]3 g=stolvy fAE 2.7

-+

0.7% S=sjoluy #AxEo AR

W 759 A (DWMH) log ko] ZthH(p<0.001, t—test) (Figure 7).

T G=stolmy Fakt ghel uol, A, W
zpol 7 7] wiEel %, AW, wE, ApoE4 Wol F3A 4%, 4 W 84

(eICV), AA o &4 (TBV), a7 €4 HV)E ¥

)
Of“i

O
fu
offt
2
_O|L
2
okl
iz
e

A (ANCOVA) & AAetgitt. 7 A3t A7, 49, 1, ApoE4 ®eo] {34

T, A W 8F (eICV), At &F(TBV), vt &4 H) & ¥

&
off
|o

i

ZAS ASolr WA 139 AF(WMH) £3 log a2 A4 AT &
Zatolm iy gApd Apolof] FA Ao ® foldt Apolrt AUTHE=17.24, p<0.001,
ANCOVA). AR w4 359 ASTJVWMH) log #% A%, ¥, a5,
ApoE4 ®Wlo] FAx §5, T/ Wl &4 (eICV), AA die &2 (TBV), &l»t &
H(HV)E EASe] FEAHEA (ANCOVA) S AR on, a3 g 1&
9 2Z(JVWMH) €4 log #& A% AT d=sto]my izt Atold

FAACE Fogk Zol7t AT (F=9.64, p=0.002, ANCOVA). =HAFH 0z

=

£ AT (PVWMH) log 3te ASolx 98, A¥, w5, ApoE4 Wo| §dx+

5, T W 8 (eICV), AA v+ &2 (TBV), slivk 84 HV)& FHZFo



o2 {ogt o7t UATH(E=20.63, p<0.001, ANCOVA). F AA -7 &=

stolWy FAE 2] A WA 1Y ATOWMID §74 log #%e) =] =

S

A=, A, WS, ApoE4 WHol §H1A #5, T/ Wl £4 (eICV), DA o]
£ (TBV), div} £ MHV)SY FHIES FAst1E FTAFoE Fosdnt

(F=9.38, p=0.003, ANCOVA).

AA e 4 (TBV)S FAezt vlws] v, d=3fo|wy gxp-2 A
¥ €2 (TBV)E Hi 994.7+197.8mlE AA 21479 1078.4+90.9mlR Tt
ZEktH (p<0.001, t—test). 18y, A=, A¥H, WS, ApoE4 Wo| FHdA +H,

FA W 84 (eICV), sfivt £4HV), Wd 159 AZ(WMH) log #= Sl

ol

tol FEAHEA (ANCOVA) & AAIgH A3, 7 HJegte] dAA i &2 (TBV)
zko]= 1t (F=0.00, p=0.957, ANCOVA). &=3lojmH gz+o T/ U
4 (eICV)2 1495.7+171.0mlZ F4 AATFY 1569.2+1157.8mlxc} 2ok
tH(p<0.001, t—test). F Fzre] F71 W &4 (eICV) zto]7h FAIH R {9

ARk, Ad, A4

’

, W%, ApoE4 ®o] §3a 5, AA ¥ &2 (TBV), 3
b £4 (HV), 98 189 A5 (WMH) log #& TRIZFSZ FAse] FAHE
2 (ANCOVA) & st A7, = Azt 570 Ul 84 (eICV) o]zt vhA] kst
tHF=0.29, p=0.591, ANCOVA). °o]& ezt zto|nh= d=stolwy Fabs
o] o4 nlgo] ¥7] wite] vebd A Ul &5 (eICV) 9] AE Aoltal &

% 9th(F=35.16, p<0.001) (Figure 8).

vk &4 MHV) = HAedztel] Fo3k 2pol7h Uit d=sfolwny EAT

22



ot A (HV)o] Hy 5.1+0.8mlolar H4d AX 9 sivf &2 (HV)o] Ht
6.5£0.7ml= t=ste]my Ao sljwl &2 (HV) o] 44 JIAwHT #oktt
(p<0.001, t—test) (Figure 9). 9%, A4, WS, ApoE4 WHo]l A2 5, AA
= &2(TBV), 771 Ul 84 (eICV), A 3159 A& (WMH) log #t< W
Fo 7 EAst FEAHEA (ANCOVA) S AAdE A3 dinp &2 (HV) 9 At
b Apol= EAANOR HostAtHE=44.59, p<0.001, ANCOVA). 3k 3w}

SHMEV)S B8 dATI dxsfolmy fxp EFM d¥o] Tl w

o =3slo| WS of7|A]7]= ApoE4 Wo] FHAE 71 gAAES d=3E)
olmy FxpTte] 587 (43.0%) .= FA AT 227 (27.5%) Ko} Bttt

(p=0.016, chi—square test). 98, A4¥, w5, AA d L4 (TBV), 771 U
£4 (eICV), dlvt 8 (HV), Hd 159 AE(WMH) log #ts sHPFoE §
Asto] FEAREA (ANCOVA) & AAES S wox d=stolmyy 30| 4

A} QAR ApoE4 Mol $RAE AR el wgo] Erh(F=4.22,

1.30]31, &d=3lolmH A9 AE FHF@gS 3.9F142 F HAEZF Fole=
NATH(p=0.496, t—test). =AU EHAHSGDS-K) 235 F kgt vl

Al A AIATY AgeE F 6.1+4.67 03, d=stolwy xS et

ﬂ, ﬂl‘l

5.614.12 793t 2foli= At (p=0.414, t—test).
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w
1=
A
Kl
ojo
02
>
fot
1o
e
rH
0
ro

W9 g A

[e} il

1% (r=0.5857, p<0.001) Z} <ko] Ars

fol
=
=
Lz
o
0
=
flo
(o]

HAZE A thH(Table 3). WA 159 A& (WMH) log #3 ¥HARE 914 315
9 AZJVWMH), HAFH 92 189 A5 (PVWMH), A 92 1859 4l
S (DWMH) log ##e] Aa#AAE doprgron, HAR Wy 3154 As
(JVWMH) log #(r=0.9579, p<0.001), =HA5FH WA 159 A5 (PVWMH)
log # (r=0.9700, p<0.001), A% ¥WAd 159 AZ(DWMH) log #
(r=0.7605, p<0.001) ¥ <¥&] A#HA7F Atk 770 W &4 (eICV) H= &

o] AAIAZF YA (r=0.1233, p=0.038), alin} €4 (HV) J+= 29 A

rJ

AZF A1aL(r=-0.3741, p<0.001), AA| = &2 (TBV)#=E =9 a7
7F QA8 (r=-0.1672, p=0.005). L&z =HA} 84~ 5= (CDR-SOB) 9}

AATHr=0.5315, p<0.001). WA wLF Al (WMH) &

rlr
o
1o
o
o)
J
é
L

Ao gzstolvpy Bzl o Am, G4 AAEH Gxstolny BT

oAl Aol Frhghel wet FUlbehe BES Btk (Figure 11). M 15

o

AT (WMD) £4& = A=PE ] Aol met o] wlaAlelw ol 43

Ao A&t WAZA WA 1789 ASZJVWMH), HAFH wd 3859 Al
S (PVWMH) &} AH @2 389 A5 €4 (DWMH) EFor] d=3to|nH
Ao f-2o] 1o, £42 Aygo] Frghe| uel Frely 53] &=}

o 3xpgtol A AFe| wet f Weol FrbskeE EEe Rtk (Figure 12,
Figure 13, Figure 14).

R

189 AT (WMH) €43 dAad 2918 dolur] gsle], A3 3



7 #A) (linear regression analysis) < AAISH A¥} WA 3159 215 (WMH)
£

A2 log S A (p<0.001), T/ W €4 (elCV, p<0.001), A= uf =]

Fl

-

ArF A (CDR-SOB, p<0.001) ¢} A#AJo] U TH(Table 4). A% o] FotA
=, T8 Wl &H(eICV)ol S5, A HE=HAL vAF 4 (CDR-SOB) ©]
s, Wl 159 A (WMH) &2o] Srtstth, WA 159 415 (WMH)
S 23E, 3§ A5, ApoE4 Wo] FHzt, AAl die &4 (TBV), v &4
(HV), Z& R AE(CCD, =A9-SHE=HANSGDS-K) A AaA
o] gtk A AA T Weld WA 13 AFT(WMH) £49 log -

(p=0.002), F70 W €4 (eICV, p=0.044) 3} ABAo] A o™ (Table 5), A
gol T7tEFE T/ U &4 (elCV)o] F45 WA 139 A (WMH) 9 &

o] Z7hAth Qzstolmy BAT AFE AY(<O.00D, FA U &3

(eICV, p<0.001), AAl ¥ &2 (TBV, p=0.049) 7 A#de] o, A
of S7tEFE, T W &H(eICV)ol %, AAl thx &F(TBV)o] #=+

5 Wy 339 2% (WMH) & &2o] F7Hglth(Table 6).
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dz=stolmg ol Ad QS dotrr] fst] BAAE 37 &4 (ogistic

regression analysis)& AAlstGloH, 71 Ay= o33 2o A9, A,

=
Ho

A9, ApoE4 Wo] f4a 5, Aw 7F59, sfivt &2 (HV), W4 159 As
(WMH) €34, Z<& B8 A2 (CCD, =JA¢-EH=AA A4 (SGDS-K) &
= THRle® FASH A3 A A ws A FAkH] (odds ratio) 7}
0.796(95% CI=0.699-1.135) 2% w5 A4V} =343 d=so|ny 93L&
A v (Table 7). afin} &4 (HV)o] #adss d=dtolvd A 78t
% © 1 (odd ratio=0.998, 95% C1=0.997-0.999), 914 &9 A5 (WMH) &

2 1] log #2 4] (odds ratio) 7} 5.967(95% CI=1.550—-22.986)%

tlo

4 3P ABWMH) §40) 1004 1355 dxstolmy 918 5967
W Z7stsieh, A, A, ApoEd Wel A4 R, Al A4, BE Uy
W AECCD, wAFEHEAAHSEDS-K) A4t dxsolvy A8 A9

ol flalvh WA 15 A (WMH) 82 HlE log 7k diale]l ¥z =4

w9 AZUVWMH) &4 "l log ke 3Hlel 238t 2AAE 34

=

S w(Table 8), 71 A3 w5 <

;O

A (logistic regression analysis) < A5+

7

+
Hir

S5 d=stoly ¥ FAsta (odd ratio=0.793, 95%

>

CI=0.697-0.902), 3iv} €& HV)o] FAaTdFE d=slolHry o] F7st
Attt (odd ratio=0.998, 95% CI=0.997-0.999). HAZA WA & AT

(JVWMH) €7 v]& log 32 WA 189 2135 (WMH) = o274 <=3}o]
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Hy E fols Aol AU (P=0.058). HAFH €@H 13y A%
(PVWMH) €4 Bl& log #t= W] x3ate] 2 2¥ 37 4 (logistic
regression analysis) 3 A3} (Table 9)= Ayr™, w& AF7) 2242 d=
stolmy $9& 7FA4skal (odd ratio=0.789, 95% CI=0.691-0.901), aln} &

AHV) o] #HagdsE dxsto]lmry 3ol S7Fekaltt (odd ratio=0.998, 95%

CI=0.997-0.999). A+ W4 159 A (PVWMH) &4 H& log #2

o

M2 159 AT (WMH) & FAFHA d=sto]my 983 F23 dato] U3
(p=0.003). HAFH WA 159 AF(PVWMH) €4 v]E log #o 4
H] (odds ratio) 7} 4.021(95% CI=1.592-10.156)% ¥AF¥H Wz 159 Al
S (PVWMH) §#o] 10W¥ S71&s5 d=stolwye] 9L 4.0214 71
akolth. A Ml 159 A5 (DWMH) £4 Bl& log & #wRIQle] E3hato]
ZAAE 37 EA (logistic regression analysis) 3t A3} (Table 10)A % 1
F APVt =S5 d=stolwy ¥ 7Aasta (odd ratio=0.789, 95%
CI=0.694—-0.897), @fin} &# (HV)o] HAady=H d=stolmry o] F7tet
At (odd ratio=0.998, 95% CI=0.997-0.999). A% @A 139 AT
(DWMH) €4 vl& log #t% 94 159 A& (WMH) & FAFHA &=38tolH
o9 §93 Aol AATH(p=0.015). AF WA 1LY ANF(DWMH)
£4 Hl& log %2 $4H] (odds ratio) 7} 2.873(95% CI=1.227-6.731) & 4
Bowa 759 A5 (DWMH) £70] 1088 F7het4E od=slo]mH o] 93

& 2.783¥) =7}akdT).
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5. HE 159 d=7t =o0[HE 2HAtel 21X 7|0 OjX|s d

M 159 AZ(WMH) €20] BE A Q1A 715dd vAEs &S
Va7 Yeia] Ad 394 B4 (linear regression analysis) S A8kt &
A A, d 159 A (WMH) &2 2e ogidzte] do] 55 719 A}
(p=0.013), 2 =E7] HAF B(=0.017)2 3 Astel ddAdol At
(Table 11). 84 AAFelA WA 3159 s (WMH) €42 4 w57] A4}
B(p=0.022) ¢}3+ A #Ado] vk (Table 12). &=3lo]vd ghxlto A= ¢lo]
T84 HAHDP=0.008), ©@of == 719 HAHP=0.023) 3 A¥Aol AU

(Table 13).

HAE 9l 3859 ASUVWMH $437 Q1A 75 Azdel dist
A A g5y Zoh BE iR Ae, ARAE oF 7]l AA
(p=0.021), o] &= 7)o A (p=0.023), 4 WE7] #HAF B(p=0.005) 2
Fogt Addol Atk (Table 14). A4 AAFANE A wE7] AA
B(p=0.015) 9} dAxAo]l i (Table 15), &d=3lo]d SapFor= ¢lo]

424 AA(p=0.013), vF=E 2k 297] AAFP=0.037) 2 AFJAo] gt

(Table 16).
HAFH Mz 5y A5 (PVWMH) €43 QA 7532 dAddel st
A Ay, e gAY A9 (Table 17), @] 55 7)o 7Aalel Aol 9l

A3 (p=0.020), AA QA TFoAE BE <Qx] AA E23 Aol il
(Table 18). WhHo &d=3to]HH Ao += Ao 34 AAHP=0.011) 2}
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o] 55 719 HAHEp=0.02D)7F HAFH 9l 159 A5 (PVWMH) 843

Aol AT (Table 19).

A 9 1e9d A OWMH) 48 BEe ddake 1A 71s dAaket
fFolgh Awidol Ul (Table 20). 4 AATelAMwr A w57 AL

B(p=0.039) 2t Aol QI (Table 21), &=3sto|Wy xpA = AHF

(Table 22).

sivk &4 (HV)o] &=sfolm| &xpe] Qx| V]go F&F= vlA= A o]
o] BFsl Xl Ao, &jvl 9= (hippocampal atrophy) 2 ¢Z=&to] v 2] A A
3 (biomarker) 2 o]u] o] &5 Qlty, WA 159 AT (WMH) 7} 1A 7]&
Astel WA= GFEHR vk EHHV)o] 1A 7 Astel WA= FTFE vl
7] 9lske], dlvl €84 HV) e A3 39 4 (Multivariate linear regression
analysis) A& Aot BE didze] det &2 (HV) > ko]l FA1 AA
(p<0.001), wo] HZ 34 7AHP=0.002), @] HF A 7HAFHP<0.001),
A 84 AAF(pP=0.005), 4 WS AL A(G=0.006), 2 W=7 AA}
B(p=0.006) ¢+ 13¥4do] AAtH(Table 23). FA QA9 v} €2 (HV)>
Aol H4 HAHP=0.002), o]l A HAHP=0.043), T4 3% AHAL
(p=0.007), 4 w=7] AAF B(p<0.001), vt= =2+ 2571 AAHP=0.001) ]
Foldt JTFE FAH(Table 24). &=3to|Hy A+ divt &4 (HV)> 3F
o] FA AAHP=0.001), &l H= 34 HAHpP=0.006), o] &5 AL HAL
(p<0.001), d wk=7] #HAF A(P=0.028), A+ 7l #HAHpP=0.032)] 2

st 43S TS tH(Table 25).
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Table 1. Demographic and clinical characteristics of all participants

N=283

Mean SD
Age, year 77.8 6.9
Education, year 6.8 5.5
WMH, ml 15.2 16.4
JVWMH 6.9 5.3
PVWMH 7.5 10.3
DWMH 0.8 2.0
Log WMH 3.9 0.5
Log JVWMH 3.6 0.4
Log PVWMH 3.4 0.7
Log DWMH 2.4 0.7
TBV, ml 1027.8 103.4
elCV, ml 1524.6 169.6
HV, ml 5.7 1.0
Charlson CI 4.0 1.4
SGDS—K 5.8 4.4

Abbreviation: WMH=White matter hyperintensities; JVWMH=Juxtaventricular white matter
hyperintensities; PVWMH=Periventricular white matter hyperintensities; DWMH=Deep white
matter hyperintensities; TBV=Total brain volume; elCV=estimated intracranial volume;
HV=hippocampal volume; Charlson CI=Charlson comorbidity index; SGDS—-K=Korean

version of the short from geriatric depression scale
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Table 2. Comparison of demographic and clinical characteristics between

Normal control group and Alzheimer’s disease group

NC (N=112) AD (N=171) D
Age, year 73.4%4.6 80.7%+6.6 <0.001*x*
Sex, female 58 (51.8) 121 (70.8) 0.00 1%
Education, year 10.2£4.9 4.6£4.6 <0.001%*=*
WMH, ml 6.8£8.1 20.7£18.2 <0.001#x
JVWMH 3.7t3.0 8.9£5.5 <0.001#x
PVWMH 2.8%+5.0 10.6*1.2 <0.001*x*
DWMH 0.4%+0.6 1.3+12.4 <0.001*x*
Log WMH 3.6F0.4 41104 <0.001*x*
Log JVWMH 3.4%0.4 3.810.4 <0.001#x
Log PVWMH 2.910.7 3.710.6 <0.001#x
Log DWMH 2.1%£0.7 2.710.7 <0.001#x
eICV, ml 1569.2+157.8 1495.7+£171.0 <0.001*x*
TBV, ml 1078.4%+90.9 994.7+£97.8 <0.001*x*
HV, ml 6.5F0.7 5.1%0.8 <0.001#x*
ApoE4 22 (27.5) 58 (43.0) 0.016=
Charlson CI 4.1*1.3 3.9t14 0.496
SGDS-K 6.114.6 5.614.1 0.414

Data are mean +SD values or N (%). An Independent sample t—test was performed for

continuous data. A chi—square test was performed for categorical data.

Abbreviation: NC=Normal control group; AD=Alzheimer’ s disease group; WMH=White
matter hyperintensities; JVWMH=Juxtaventricular =~ white matter hyperintensities;
PVWMH=Periventricular white matter hyperintensities; DWMH=Deep white matter
hyperintensities; TBV=Total brain volume; elCV=estimated intracranial volume;
HV=hippocampal volume; ApoE4=apolipoprotein E &4 allele; Charlson CI=Charlson
comorbidity index; SGDS—K=Korean version of the short from geriatric depression scale

*p<0.05, *»#p<0.01
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Table 3. Factors correlated with WMH volume of all participants

WMH Age JVWMH PVWMH DWMH HV elCV TBV CDR-SOB
WMH 1.000
Age 0.5857#x 1.0000
JVWMH 0.9579#x 0.5872%x 1.0000
PVWMH 0.9700#x 0.5574#x 0.8863*x 1.0000
DWMH 0.7605%* 0.3722%x 0.6291#x* 0.7759%x 1.0000
HV —0.374 1 —0.5088x —0.3968%#x —0.3477 —0.2025%x 1.0000
elCV 0.1233% —0.1224%x 0.1322%x 0.1135 0.1064 0.4724xx 1.0000
TBV —0.1672x%x —0.3817%#x —0.1602x* —0.1508% —0.1006%* 0.6476% 0.8376%x 1.0000
CDR-S0B 0.5315%* 0.5173#x 0.5150%x 0.5209#x 0.3482xx —0.6203%x —0.1650%x —0.3701*x 1.0000

Abbreviation: WMH= logarithms of white matter hyperintensities; Pearson (r) =Pearson correlation coefficient; JVWMH= logarithms of juxtaventricular
white matter hyperintensities; PVWMH= logarithms of periventricular white matter hyperintensities; DWMH= logarithms of deep white matter
hyperintensities; TBV=Total brain volume; elCV=estimated intracranial volume; HV= hippocampal volume; CDR—SOB=Clinical Dementia Rating Scale

Sum of Boxes, * p<0.05, **p<0.01
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Table 4. Multivariate linear regression analysis of various factors associated

with WMH volume

Factors Coef. S.E B t D
Age 0.027 0.005 0.368 5.55 <0.001#=
Sex 0.092 0.080 0.089 1.16 0.249
Education —0.004 0.006 —0.040 —0.62 0.539
ApoE4 0.015 0.056 0.014 0.26 0.791
elCV 0.000 0.000 0.549 4.77 <0.001#=
TBV —0.000 0.000 —-0.201 —-1.69 0.092
HV —0.000 0.000 —0.052 —0.65 0.518
Charlson Cl 0.019 0.020 0.055 0.99 0.323
SGDS—-K 0.007 0.007 0.055 1.02 0.307
CDR—-SOB 0.048 0.012 0.296 4.14 <0.001#=

Abbreviation: WMH volume=logarithms of white matter hyperintensities volume; Coef.
=regression coefficient; S. E=standard error; B =standardized regression coefficient;
ApoE4=apolipoprotein E ¢4 allele; elCV=estimated intracranial volume; Charlson
CI=Charlson comorbidity index; SGDS—K=Korean version of the short from geriatric

depression scale; CDR—SOB=Clinical Dementia Rating Scale Sum of Boxes

* p<0.05, ##p<0.01
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Table 5. Multivariate linear regression analysis of various factors associated

with WMH volume in Normal control group

Factors Coef. S.E t D
Age 0.035 0.011 0.355 3.18 0.002%:x
Sex 0.229 0.150 0.244 1.53 0.132
Education 0.014 0.012 0.139 1.17 0.246
ApoE4 0.086 0.108 0.084 0.80 0.429
elCV 0.000 0.000 0.547 2.06 0.044x
TBV 0.000 0.000 0.053 0.22 0.826
HV —0.000 0.000 —0.168 —-1.31 0.196
Charlson Cl 0.030 0.038 0.082 0.79 0.431
SGDS—K 0.005 0.011 0.047 0.46 0.649
CDR-SOB 0.473 0.428 0.117 1.10 0.273

Abbreviation: WMH volume=logarithms of white matter hyperintensities volume; Coef.

=regression coefficient;

ApoE4=apolipoprotein E €4

S.E =standard error; pB

allele;

elCV=estimated

intracranial

volume;

=standardized regression coefficient;

Charlson

CI=Charlson comorbidity index; SGDS—K=Korean version of the short from geriatric

depression scale; CDR—SOB=Clinical Dementia Rating Scale Sum of Boxes

* p<0.05, »#p<0.01
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Table 6. Multivariate linear regression analysis of various factors associated

with WMH volume in Alzheimer’s disease group

Factors Coef. S.E B t D
Age 0.021 0.005 0.331 3.88 <0.001#=
Sex 0.060 0.094 0.066 0.64 0.522
Education -0.011 0.008 -0.121 —1.43 0.156
ApoE4 —0.045 0.068 —0.052 —0.65 0.514
elCV 0.000 0.000 0.589 3.93 <0.001#=
TBV —0.000 0.000 —0.300 —-1.99 0.049+
HV 0.000 0.000 0.095 1.03 0.307
Charlson Cl 0.008 0.023 0.029 0.38 0.707
SGDS—-K 0.012 0.008 0.107 1.42 0.157
CDR-SOB 0.027 0.014 0.154 1.97 0.051

Abbreviation: WMH volume=logarithms of white matter hyperintensities volume; Coef.
=regression coefficient; S.E =standard error; /S =standardized regression coefficient;
ApoE4=apolipoprotein E ¢4 allele; elCV=estimated intracranial volume; Charlson
CI=Charlson comorbidity index; SGDS—K=Korean version of the short from geriatric

depression scale; CDR—SOB=Clinical Dementia Rating Scale Sum of Boxes

* p<0.05, »#p<0.01
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Table 7. Multivariate logistic regression analysis of various factors including

WMH volume associated with Alzheimer’s disease

OR (95% CD) p
Age 1.022 (0.920-1.135) 0.685
Sex 0.370 (0.088—1.550) 0.174
Education, year 0.796 (0.699-1.135) 0.001#=
ApoE4 1.990 (0.660—6.007) 0.222
FHx of dementia 2.716 (0.829-8.895) 0.099
HV 0.998 (0.997-0.999) <0.00 1=
WMH volume 5.967 (1.550—-22.986) 0.009xx
Charlson CI 1.169 (0.830—1.131) 0.371
SGDS-K 0.989 (0.864-1.131) 0.865

Abbreviation: WMH=white matter hyperintensities; OR=0dds ratio; 95% CI=95% Confidence
interval; ApoE4=apolipoprotein E €4 allele; HV=hippocampal volume; WMH volume=
Logarithms of ratio of WMH volume to eICV; eICV=estimated intracranial volume; Charlson
CI=Charlson comorbidity index; SGDS—K=Korean version of the short from geriatric

depression scale

* p<0.05, ##p<0.01
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Table 8. Multivariate logistic regression analysis of various factors including

JVWMH volume associated with Alzheimer’s disease

OR (95% CD D
Age 1.040 (0.939-1.153) 0.451
Sex 0.344 (0.085-1.388) 0.134
Education, year 0.793 (0.697-0.902) <0.001 %=
ApoE4 2.092 (0.707-6.190) 0.182
FHx of dementia 2.549 (0.811-8.011) 0.109
HV 0.998 (0.997-0.999) <0.0071 *x
JVWMH volume 4.801 (0.948-24.330) 0.058
Charlson CI 1.167 (0.830—-1.641) 0.375
SGDS—K 1.002 (0.880-1.151) 0.976

Abbreviation: JVWMH=juxtaventricular white matter hyperintensities; OR=0dds ratio; 95%
CI=95% Confidence interval; ApoE4=apolipoprotein E ¢ 4 allele; HV=hippocampal volume;
JVWMH volume= Logarithms of ratio of WMH volume to eICV; elCV=estimated intracranial
volume; Charlson CI=Charlson comorbidity index; SGDS—K=Korean version of the short from

geriatric depression scale

* p<0.05, »#p<0.01
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Table 9. Multivariate logistic regression analysis of various factors including

PVWMH volume associated with Alzheimer’s disease

OR (95% CD D
Age 1.014 (0.911-1.128) 0.802
Sex 0.360 (0.845-1.530) 0.166
Education, year 0.789 (0.691-0.901) <0.001%x*
ApoE4 1.950 (0.634-5.980) 0.243
FHx of dementia 2.930 (0.865-9.921) 0.084
HV 0.998 (0.997-0.999) <0.001 =
PVWMH volume 4.021 (1.592-10.156) 0.003x
Charlson CI 1.192 (0.844—1.684) 0.318
SGDS-K 0.970 (0.844-1.115) 0.669

Abbreviation: PVWMH=periventricular white matter hyperintensities; OR=0dds ratio;
95% CI=95% Confidence interval, ApoE4=apolipoprotein E &4 allele; HV=hippocampal
volume; PVWMH volume= Logarithms of ratio of PVWMH volume to eICV; eICV=estimated
intracranial volume; Charlson CI=Charlson comorbidity index; SGDS—K=Korean version of

the short from geriatric depression scale

* p<0.05, ##p<0.01
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Table 10. Multivariate logistic regression analysis of various factors including

DWMH volume associated with Alzheimer’s disease

OR (95% CD D
Age 1.052 (0.953-1.161) 0.318
Sex 0.335 (0.813-1.377) 0.129
Education, year 0.789 (0.694—-0.897) <0.001=*=*
ApoE4 1.852 (0.616—5.570) 0.273
FHx of dementia 2.193 (0.686—7.004) 0.185
HV 0.998 (0.997-0.999) <0.00 1=
DVMH volume 2.873 (1.227-6.731) 0.015%
Charlson CI 1.126 (0.800—1.584) 0.496
SGDS—K 0.997 (0.873-1.140) 0.965

Abbreviation: DWMH=deep white matter hyperintensities; OR=0dds ratio; 95% CI=95%
Confidence interval; ApoE4=apolipoprotein E ¢ 4 allele; HV=hippocampal volume; DWMH
volume= Logarithms of ratio of DWMH volume to eICV; elCV=estimated intracranial
volume; Charlson CI=Charlson comorbidity index; SGDS—K=Korean version of the short

from geriatric depression scale

* p<0.05, ##p<0.01
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Table 11. The association between WMH volume and neuropsychological

tests in all participants

Coef. S.E B D
Categorical verbal fluency —-1.210 0.622 —-0.102 0.053
Boston naming test -0.763 0.387 —-0.092 0.050
MMSE-KC —0.881 0.646 —0.060 0.174
Word list memory —1.429 0.571 -0.111 0.013=
Constructional praxis —0.492 0.328 —0.085 0.135
Word list recall -0.018 0.239 —0.003 0.094
Word list recognition —-0.361 0.370 —0.050 0.331
Constructional recall 0.060 0.316 0.008 0.851
Trail making A 5.841 12.594 0.023 0.643
Trail making B 31.513 13.140 0.148 0.017x
Digit span test forward =0.277 0.257 —-0.074 0.282
Digit span test backward —0.054 0.243 —0.020 0.824
Stroop word 0.036 4.541 0.001 0.994
Stroop color —1.418 2.940 —0.039 0.630
Stroop word and color 2.160 2.411 0.080 0.371
Frontal assessment battery —0.138 0.778 —-0.015 0.859

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of WMH volume to eICV is an independent variable; Analyses were adjusted by diagnosis, sex,
year group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: WMH=white matter hyperintensities; Coef. =regression coefficient; S.E
=standard error; B =standardized regression coefficient; MMSE—KC: Korean version of
mini—mental state examination, eICV= estimated intracranial volume; HV: hippocampal volume;
Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from geriatric
depression scale

* p<0.05, »#p<0.01

40



Table 12. The association between WMH volume and neuropsychological

tests in Normal control group

Coef. S.E B D
Categorical verbal fluency -0.171 1.04 —-0.016 0.870
Boston naming test —-0.681 0.535 -0.122 0.206
MMSE-KC —0.689 0.489 —0.136 0.162
Word list memory —-0.681 0.956 -0.071 0.478
Constructional praxis —-0.124 0.314 —0.036 0.695
Word list recall —-0.251 0.455 —0.056 0.582
Word list recognition —0.036 0.320 —-0.012 0.910
Constructional recall 0.430 0.620 0.070 0.490
Trail making A 4.451 10.193 0.038 0.663
Trail making B 46.886 20.190 0.186 0.022%
Digit span test forward —0.046 0.319 —-0.013 0.887
Digit span test backward —-0.165 0.385 —0.054 0.670
Stroop word 2.138 7.195 0.038 0.767
Stroop color 0.196 4.100 0.005 0.962
Stroop word and color 0.297 3.558 0.010 0.934
Frontal assessment battery 0.352 1.122 0.034 0.754

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of WMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: WMH=white matter hyperintensities; Coef. =regression coefficient; S.E
=standard error; A =standardized regression coefficient; MMSE—KC: Korean version of
mini—mental state examination, eICV= estimated intracranial volume; HV: hippocampal volume;
Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from geriatric
depression scale

* p<0.05, »#p<0.01
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Table 13. The association between WMH volume and neuropsychological

tests in Alzheimer’s disease group

Coef. S.E B D
Categorical verbal fluency —-2.012 0.748 —-0.212 0.008x:x
Boston naming test —-0.751 0.554 —-0.091 0.177
MMSE-KC —0.508 0.985 —0.034 0.607
Word list memory —-1.641 0.716 -0.161 0.023=
Constructional praxis —-0.576 0.512 —-0.078 0.263
Word list recall 0.221 0.255 0.072 0.386
Word list recognition —0.684 0.586 —-0.094 0.245
Constructional recall —-0.192 0.319 —0.048 0.548
Trail making A 4.719 20.258 0.016 0.816
Trail making B 16.529 13.060 0.120 0.209
Digit span test forward —0.549 0.395 —-0.122 0.168
Digit span test backward 0.268 0.315 0.082 0.398
Stroop word -0.726 5.840 -0.012 0.901
Stroop color —4.187 4.319 —-0.084 0.335
Stroop word and color 3.484 3.508 0.097 0.323
Frontal assessment battery —-0.594 1.119 —0.046 0.596

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of WMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: WMH=white matter hyperintensities; Coef. =regression coefficient; S.E
=standard error; A =standardized regression coefficient; MMSE—KC: Korean version of
mini—mental state examination, eICV= estimated intracranial volume; HV: hippocampal volume;
Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from geriatric
depression scale

* p<0.05, »#p<0.01
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Table 14. The association between JVWMH volume and neuropsychological

tests in all participants

Coef. S.E B D
Categorical verbal fluency —1.490 0.762 —-0.102 0.052
Boston naming test —1.100 0.474 —-0.108 0.021%
MMSE-KC -1.177 0.790 —0.065 0.138
Word list memory —-1.609 0.701 —-0.101 0.023=
Constructional praxis —-0.464 0.403 —0.065 0.251
Word list recall 0.101 0.293 0.015 0.731
Word list recognition —0.250 0.454 —0.028 0.583
Constructional recall 0.107 0.388 0.012 0.784
Trail making A -0.922 15.393 —0.003 0.952
Trail making B 47.334 16.864 0.174 0.005%:
Digit span test forward —0.574 0.309 —0.128 0.064
Digit span test backward —-0.011 0.296 —0.003 0.970
Stroop word 0.337 5.820 0.006 0.954
Stroop color —0.920 3.763 —0.020 0.807
Stroop word and color 2.185 3.089 0.065 0.480
Frontal assessment battery 0.521 0.991 0.043 0.600

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of JVWMH volume to eICV is an independent variable; Analyses were adjusted by diagnosis,
sex, year group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: JVWMH=juxtaventricular white matter hyperintensities; Coef. =regression
coefficient; S.E =standard error; S =standardized regression coefficient; MMSE—-KC:
Korean version of mini—mental state examination, elCV= estimated intracranial volume; HV:
hippocampal volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, »#p<0.01
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Table 15. The association between JVWMH volume and neuropsychological

tests in Normal control group

Coef. S.E B D
Categorical verbal fluency —-0.452 1.270 —0.345 0.723
Boston naming test —-0.816 0.654 -0.119 0.215
MMSE—-KC -0.647 0.601 -0.104 0.284
Word list memory —0.881 1.168 —-0.076 0.452
Constructional praxis 0.117 0.384 0.028 0.760
Word list recall 0.336 0.557 —0.061 0.547
Word list recognition -0.275 0.390 -0.076 0.482
Constructional recall 0.471 0.758 0.063 0.536
Trail making A —0.248 12.470 —0.002 0.984
Trail making B 60.800 24.588 0.197 0.015%
Digit span test forward —0.159 0.390 —-0.037 0.684
Digit span test backward —-0.202 0.463 —0.054 0.663
Stroop word 2.790 8.579 0.041 0.746
Stroop color -0.973 4.989 -0.022 0.846
Stroop word and color —0.522 4.345 —0.015 0.905
Frontal assessment battery 0.326 1.345 0.026 0.809

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of JVWMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: JVWMH=juxtaventricular white matter hyperintensities; Coef. =regression
coefficient; S.E =standard error; S =standardized regression coefficient; MMSE—-KC:
Korean version of mini—mental state examination, eICV= estimated intracranial volume; HV:
hippocampal volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, »#p<0.01
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Table 16. The association between JVWMH volume and neuropsychological

tests in Alzheimer’s disease group

Coef. S.E B D
Categorical verbal fluency -2.333 0.924 —-0.203 0.013%
Boston naming test -1.177 0.682 -0.118 0.087
MMSE-KC —0.849 1.208 —0.047 0.483
Word list memory —1.686 0.888 -0.136 0.060
Constructional praxis —0.683 0.634 —-0.076 0.283
Word list recall 0.582 0.311 0.136 0.063
Word list recognition —-0.336 0.726 —-0.038 0.644
Constructional recall -0.134 0.395 -0.279 0.735
Trail making A —6.110 24.885 -0.017 0.806
Trail making B 29.940 18.148 0.161 0.102
Digit span test forward —0.986 0.467 —0.188 0.037x
Digit span test backward 0.431 0.385 0.110 0.266
Stroop word —-1.119 8.149 -0.014 0.891
Stroop color —-3.911 5.935 —0.059 0.511
Stroop word and color 4.545 4.807 0.095 0.347
Frontal assessment battery 0.386 1.550 0.022 0.804

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of JVWMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: JVWMH=juxtaventricular white matter hyperintensities; Coef. =regression
coefficient; S.E =standard error; S =standardized regression coefficient; MMSE—-KC:
Korean version of mini—mental state examination, eICV= estimated intracranial volume; HV:
hippocampal volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, ##p<0.01
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Table 17. The association between PVWMH volume and neuropsychological

tests in all participants

Coef. S.E B D
Categorical verbal fluency —-0.543 0.398 —-0.0697 0.173
Boston naming test —-0.351 0.248 —-0.065 0.157
MMSE-KC —0.580 0.414 —0.060 0.162
Word list memory —0.853 0.365 —-0.100 0.020=
Constructional praxis —0.320 0.209 —0.084 0.127
Word list recall -0.019 0.152 —0.005 0.903
Word list recognition —-0.170 0.236 —-0.036 0.472
Constructional recall 0.043 0.202 0.009 0.833
Trail making A 6.344 8.010 0.038 0.429
Trail making B 13.474 8.255 0.098 0.104
Digit span test forward —0.043 0.162 —0.018 0.792
Digit span test backward —-0.018 0.139 —0.010 0.909
Stroop word 0.693 2.864 0.022 0.809
Stroop color —0.753 1.846 —-0.032 0.684
Stroop word and color 1.230 1.515 0.070 0.418
Frontal assessment battery —0.303 0.490 —0.050 0.538

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of PVWMH volume to eICV is an independent variable; Analyses were adjusted by diagnosis,
sex, year group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: PVWMH= periventricular white matter hyperintensities; Coef. =regression
coefficient; S.E =standard error; S =standardized regression coefficient; MMSE—-KC:
Korean version of mini—mental state examination, eICV= estimated intracranial volume; HV:
hippocampal volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, ##p<0.01
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Table 18. The association between PVWMH volume and neuropsychological

tests in Normal control group

Coef. S.E B D
Categorical verbal fluency 0.211 0.616 0.329 0.733
Boston naming test -0.213 0.319 —-0.064 0.506
MMSE-KC -0.423 0.290 -0.139 0.149
Word list memory —-0.354 0.567 —-0.062 0.534
Constructional praxis —0.108 0.186 —0.052 0.562
Word list recall —0.143 0.269 -0.534 0.597
Word list recognition 0.120 0.189 0.068 0.528
Constructional recall 0.233 0.367 0.063 0.527
Trail making A 4.985 6.022 0.070 0.410
Trail making B 21.079 12.098 0.139 0.085
Digit span test forward 0.077 0.189 0.038 0.683
Digit span test backward —-0.021 0.237 —-0.011 0.930
Stroop word 1.821 4.207 0.054 0.666
Stroop color 0.827 2.438 0.037 0.735
Stroop word and color 0.372 2.114 0.022 0.861
Frontal assessment battery 0.204 0.672 0.033 0.762

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of PVWMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: PVWMH= periventricular white matter hyperintensities; Coef. =regression
coefficient; S.E =standard error; S =standardized regression coefficient; MMSE—-KC:
Korean version of mini—mental state examination, elCV= estimated intracranial volume; HV:
hippocampal volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, »#p<0.01
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Table 19. The association between PVWMH volume and neuropsychological

tests in Alzheimer’s disease group

Coef. S.E B D
Categorical verbal fluency —-1.321 0.514 —-0.201 0.011%
Boston naming test —0.454 0.380 —0.080 0.234
MMSE-KC —0.363 0.681 —0.034 0.594
Word list memory —1.144 0.491 —-0.161 0.021%
Constructional praxis —-0.342 0.352 —-0.067 0.333
Word list recall 0.090 0.175 0.042 0.606
Word list recognition —-0.541 0.401 —-0.107 0.180
Constructional recall -0.173 0.218 —0.063 0.429
Trail making A 5.110 13.901 0.024 0.714
Trail making B 8.796 8.660 0.095 0.312
Digit span test forward —-0.262 0.273 —0.084 0.340
Digit span test backward 0.131 0.220 0.056 0.553
Stroop word —0.503 3.936 -0.012 0.899
Stroop color —-3.067 2.85 —0.093 0.284
Stroop word and color 1.782 2.324 0.075 0.445
Frontal assessment battery -0.721 0.748 —0.083 0.337

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of PVWMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: PVWMH= periventricular white matter hyperintensities; Coef. =regression
coefficient; S.E =standard error; S =standardized regression coefficient; MMSE—-KC:
Korean version of mini—mental state examination, elCV= estimated intracranial volume; HV:
hippocampal volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, »#p<0.01
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Table 20. The association between DWMH volume and neuropsychological

tests in all participants

Coef. S.E B D
Categorical verbal fluency —-0.120 0.370 -0.014 0.747
Boston naming test —-0.068 0.230 -0.012 0.767
MMSE-KC 0.047 0.386 0.005 0.902
Word list memory —-0.387 0.343 —-0.043 0.261
Constructional praxis —0.304 0.195 —-0.075 0.120
Word list recall —0.080 0.142 -0.020 0.577
Word list recognition —-0.132 0.221 —-0.026 0.551
Constructional recall 0.096 0.189 0.020 0.610
Trail making A 6.600 7.473 0.038 0.378
Trail making B 11.371 7.838 0.077 0.148
Digit span test forward 0.095 0.157 0.036 0.546
Digit span test backward 0.007 0.139 0.004 0.962
Stroop word 1.055 2.634 0.032 0.689
Stroop color —0.153 1.721 —0.006 0.929
Stroop word and color 1.297 1.412 0.070 0.360
Frontal assessment battery —0.446 0.432 —-0.070 0.303

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of DWMH volume to eICV is an independent variable; Analyses were adjusted by diagnosis,
sex, year group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: DWMH= deep white matter hyperintensities; Coef. =regression coefficient; S.E
=standard error; A =standardized regression coefficient; MMSE—KC: Korean version of
mini—mental state examination, eICV= estimated intracranial volume; HV: hippocampal volume;
Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from geriatric
depression scale

* p<0.05, »#p<0.01
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Table 21. The association between DWMH volume and neuropsychological

tests in Normal control group

Coef. S.E B D
Categorical verbal fluency 0.399 0.613 0.060 0.516
Boston naming test 0.030 0.311 0.009 0.924
MMSE—-KC —0.352 0.277 -0.118 0.205
Word list memory —-0.366 0.572 —-0.061 0.523
Constructional praxis —-0.284 0.183 —-0.133 0.125
Word list recall -0.127 0.274 —0.044 0.645
Word list recognition 0.140 0.188 0.076 0.459
Constructional recall 0.240 0.373 0.061 0.523
Trail making A 4.872 5.952 0.068 0.415
Trail making B 25.507 12.204 0.159 0.039=
Digit span test forward 0.125 0.192 0.057 0.514
Digit span test backward 0.071 0.211 0.040 0.737
Stroop word 3.558 4.035 0.104 0.381
Stroop color 2.152 2.389 0.092 0.371
Stroop word and color 0.671 2.094 0.037 0.750
Frontal assessment battery 0.204 0.618 0.032 0.743

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of DWMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: DWMH= deep white matter hyperintensities; Coef. =regression coefficient; S.E
=standard error; B =standardized regression coefficient; MMSE—KC: Korean version of
mini—mental state examination, eICV= estimated intracranial volume; HV: hippocampal volume;
Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from geriatric
depression scale

* p<0.05, »#p<0.01
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Table 22. The association between DWMH volume and neuropsychological

tests in Alzheimer’s disease group

Coef. S.E B D
Categorical verbal fluency —-0.634 0.448 —-0.104 0.159
Boston naming test —-0.150 0.328 —-0.028 0.649
MMSE-KC 0.492 0.580 0.051 0.398
Word list memory —-0.399 0.428 —-0.061 0.353
Constructional praxis —-0.231 0.303 —0.053 0.408
Word list recall -0.102 0.150 —0.052 0.498
Word list recognition -0.223 0.347 —0.048 0.521
Constructional recall —0.069 0.188 —-0.027 0.714
Trail making A 6.299 11.836 0.033 0.595
Trail making B —0.970 7.515 —0.011 0.898
Digit span test forward —0.030 0.248 —0.010 0.904
Digit span test backward —0.001 0.185 —0.001 0.995
Stroop word 0.065 3.392 0.002 0.985
Stroop color —1.326 2.455 —0.043 0.590
Stroop word and color 2.109 1.977 —0.096 0.289
Frontal assessment battery —-0.737 0.607 —0.098 0.227

P value (p<0.05) was obtained by multivariate linear regression analysis; Logarithms of ratio
of DWMH volume to eICV is an independent variable; Analyses were adjusted by sex, year
group, years of education, HV, Charlson CI, SGDS—K

Abbreviation: DWMH= deep white matter hyperintensities; Coef. =regression coefficient; S.E
=standard error; A =standardized regression coefficient; MMSE—KC: Korean version of
mini—mental state examination, eICV= estimated intracranial volume; HV: hippocampal volume;
Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from geriatric
depression scale

* p<0.05, »#p<0.01
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Table 23. The association between hippocampal volume and neuropsychological

tests in all participants

Coef. S.E B D
Categorical verbal fluency 0.000 0.000 0.060 0.295
Boston naming test 0.000 0.000 0.069 0.185
MMSE—-KC 0.001 0.000 0.196 <0.001#=
Word list memory 0.001 0.000 0.094 0.055
Constructional praxis 0.000 0.000 0.105 0.095
Word list recall 0.000 0.000 0.148 0.002#=
Word list recognition 0.001 0.000 0.273 <0.001#x*
Constructional recall 0.000 0.000 0.142 0.005==
Trail making A —0.019 0.007 —0.155 0.006%
Trail making B —0.020 0.007 —0.200 0.006%
Digit span test forward 0.000 0.000 0.107 0.167
Digit span test backward —0.001 0.000 —0.108 0.268
Stroop word 0.000 0.002 0.010 0.924
Stroop color —0.000 0.002 —-0.016 0.855
Stroop word and color 0.001 0.001 0.101 0.319
Frontal assessment battery 0.001 0.000 0.125 0.160

P value(p<0.05) was obtained by multivariate linear regression analysis; HV is an
independent variable; Analyses were adjusted by diagnosis, sex, year group, years of
education, logarithms of ratio of WMH volume to eICV, Charlson CI, SGDS—K

Abbreviation: Coef. =regression coefficient; S.E =standard error; B =standardized
regression coefficient; MMSE—KC: Korean version of mini—mental state examination,
HV=hippocampal volume; WMH=white matter hyperintensities; eICV= estimated
intracranial volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, »#p<0.01
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Table 24. The association between hippocampal volume and neuropsychological

tests in Normal control group

Coef. S.E B D
Categorical verbal fluency 0.002 0.001 0.307 0.002%x*
Boston naming test 0.000 0.000 0.099 0.303
MMSE—-KC 0.001 0.000 0.198 0.04 3=
Word list memory 0.001 0.001 0.182 0.071
Constructional praxis 0.000 0.000 0.087 0.338
Word list recall 0.000 0.000 0.173 0.091
Word list recognition 0.000 0.000 0.030 0.781
Constructional recall 0.001 0.000 0.276 0.007
Trail making A —0.010 0.006 -0.129 0.136
Trail making B —0.052 0.013 -0.322 <0.001#=
Digit span test forward 0.001 0.000 0.309 0.001 %
Digit span test backward —0.000 0.000 -0.161 0.183
Stroop word —0.001 0.005 -0.028 0.820
Stroop color —0.004 0.003 -0.167 0.126
Stroop word and color —-0.001 0.002 —0.055 0.651
Frontal assessment battery —-0.001 0.001 —=0.090 0.386

P value(p<0.05) was obtained by multivariate linear regression analysis; HV is an
independent variable; Analyses were adjusted by sex, year group, years of education,
logarithms of ratio of WMH volume to eICV, Charlson CI, SGDS—K

Abbreviation: Coef. =regression coefficient; S.E =standard error; B =standardized
regression coefficient; MMSE—KC: Korean version of mini—mental state examination,
HV=hippocampal volume; WMH=white matter hyperintensities; eICV= estimated
intracranial volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of
the short from geriatric depression scale

* p<0.05, »#p<0.01
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Table 25. The association between hippocampal volume and neuropsychological

tests in Alzheimer’s disease group

Coef. S.E B D
Categorical verbal fluency —0.000 0.000 —-0.054 0.502
Boston naming test 0.000 0.000 0.062 0.358
MMSE—-KC 0.002 0.000 0.213 0.001 ==
Word list memory 0.000 0.000 0.052 0.463
Constructional praxis 0.000 0.000 0.073 0.297
Word list recall 0.000 0.000 0.233 0.006#=
Word list recognition 0.001 0.000 0.404 <0.001#x*
Constructional recall 0.000 0.000 0.127 0.118
Trail making A —0.022 0.010 —0.150 0.028=
Trail making B —0.002 0.007 —0.025 0.796
Digit span test forward —0.000 0.000 —0.038 0.670
Digit span test backward —0.000 0.000 —0.053 0.583
Stroop word 0.002 0.003 0.094 0.361
Stroop color 0.002 0.002 0.089 0.346
Stroop word and color 0.002 0.002 0.154 0.149
Frontal assessment battery 0.001 0.001 0.198 0.032x*

P value (p<0.05) was obtained by multivariate linear regression analysis; HV is an independent
variable; Analyses were adjusted by sex, year group, years of education, logarithms of ratio
of WMH volume to eICV, Charlson CI, SGDS—K

Abbreviation: Coef. =regression coefficient; S.E =standard error; B =standardized
regression coefficient; MMSE—-KC: Korean version of mini—mental state examination,
HV=hippocampal volume; WMH=white matter hyperintensities; eICV= estimated intracranial
volume; Charlson CI=Charlson comorbidity index, SGDS—K=Korean version of the short from
geriatric depression scale

* p<0.05, »#p<0.01

54



JVWMH=within 3 mm from ventricular surface (blue) ; PVWMH=from 3 mm to 13 mm from the ventricular surface (light green) ; DWMH=13 mm or
farther from the ventricular surface (red)

Abbreviation: JVWMH=juxtaventricular white matter hyperintensities; PVWMH=periventricular white matter hyperintensities; DWMH=deep white
matter hyperintensities

Figure 1. Classification of white matter hyperintensities
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Abbreviation: WMH=white matter hyperintensities; log WMH= logarithms of white matter
hyperintensities volume

Figure 2. Histogram of white matter hyperinstensities volume and logarithms
of white matter hyperintensities volume
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Abbreviation: HV= hippocampal volume

Figure 3. Histogram of hippocampal volume
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Abbreviation: log WMH= logarithms of white matter hyperintensities; NC=Normal control

group; AD=Alzheimer's disease group

Figure 4. Boxplots comparing white matter hyperintensities volume between

Normal control group and Alzheimer’s disease group
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Abbreviation: Log JVWMH= logarithms of juxtaventricular white matter hyperintensities;

NC=Normal control group; AD=Alzheimer's disease group

Figure 5. Boxplots comparing juxtaventricular white matter hyperintensities

volume between Normal control group and Alzheimer’s disease group
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Abbreviation: Log PVWMH= logarithms of periventricular white matter hyperintensities;

NC=Normal control group; AD=Alzheimer's disease group

Figure 6. Boxplots comparing periventricular white matter hyperintensities

volume between Normal control group and Alzheimer’s disease group
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Abbreviation: Log DWMH= logarithms of deep white matter hyperintensities; NC=Normal
control group; AD=Alzheimer’'s disease group

Figure 7. Boxplots comparing deep white matter hyperintensities volume

between Normal control group and Alzheimer’s disease group
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Abbreviation: elCV=estimated intracranial volume

Figure 8. Scatter plots of estimated intracranial volume and age comparing

male and female
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Abbreviation: HV=hippocampal volume; NC=Normal control group; AD=Alzheimer's disease

group

Figure 9. Boxplots comparing hippocampal volume between Normal control

group and Alzheimer’'s disease group
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Figure 10. Scatter plots of hippocampal volume and age comparing Normal

control group and Alzheimer’s disease group
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Figure 11. Scatter plots of white matter hyperintensities volume and age

comparing Normal control group and Alzheimer’s disease group

65



NC AD

[ ]
o
o
[ ]
— hd o e
E &1
T
=
g A A
>
- o |
D -
I 1 1 1 1 1 1 I 1 1
60 70 80 a0 100 60 70 80 90 100
age (year)

A = Normal control group @= Alzheimer's disease group
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Figure 12. Scatter plots of juxtaventricular white matter hyperintensities and

age comparing Normal control group and Alzheimer’s disease group
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Figure 13. Scatter plots of periventricular white matter hyperintensities and age

comparing Normal control group and Alzheimer’s disease group
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Figure 14. Scatter plots of deep white matter hyperintensities and age

comparing Normal control group and Alzheimer’'s disease group
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Abstract

Association between white matter hyperintensities classified

according to the distance from the ventricular surface and cognitive function

in patients with Alzheimer’s disease

Jae Min Song
Department of Medicine
The Graduate School

Jeju National University

Objective: White matter hyperintensities (WMH) in brain magnetic resonance
imaging (MRI) are common among the elderly. WMH are associated with
increased cognitive impairment and risk of Alzheimer s disease (AD). AD
i1s a critical public health concern in Korea. Hence, determining the
biomarkers and risk factors of AD is crucial to its prevention and early —stage
treatment. Although WMH contribute to AD pathology, their clinical
implications are not fully understood. This study aimed to assess whether
WMH predict AD and investigate the association between WMH classified
according to the distance from the ventricular surface and cognitive function

in AD.

Methods: This study enrolled 283 participants, consisting of 171 patients

with AD and 112 subjects with normal cognitive function. AD was diagnosed
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according to the NINCDS—ADRDA criteria with probable AD or possible AD.
All participants underwent clinical evaluations including brain MRI study,
neuropsychological tests wusing the CERAD—-K neuropsychological
assessment battery, and a genetic test. In addition, the Clinical Dementia
Rating scale, Charlson comorbidity index, the Korean version of the Geriatric
Depression Scale short from were administered. WMH volume was calculated
using automated quantification method with SPM and MATLAB image
processing software. WMH were classified according to the distance from the
ventricular surface. WMH located in juxtaventricular areas, within 3 mm from
the ventricular surface, were classified as juxtaventricular with matter
hyperintensities (JVWMH). WMH located within 3—13 mm or farther than 13
mm from the ventricular surface were classified as periventricular white
matter hyperintensities (PVWMH) or deep white matter hyperintensities
(DWMH), respectively. WMH volume data were right—skewed. Consequently,

WMH volume data were logarithmic transformed.

Results: The AD group had a significantly higher mean WMH volume (20.7 *
18.2 ml) than the NC group(6.8 * 8.1 ml; p < 0.001, t—test). Logistic
regression analysis showed that the log total WMH volume was associated
with AD (odds ratio = 5.967, 95% CI = 1.550-22.986). Log PVWMH (odds
ratio = 4.021, 95% CI = 1.592—10.156) and log DWMH volume (odds ratio
= 2.873,95% CI =1.227-6.731) were also linked to AD. However, JVWMH

was not. Multivariate linear regression analysis showed that total WMH
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volume in AD was associated with poor performance in categorical verbal
fluency test (p = 0.008) and word list memory test (p = 0.023). JVWMH
volume in AD was associated with poor performance on categorical verbal
fluency test (p = 0.013) and digit span test forward (p = 0.037). PVWMH
volume in AD was associated with poor performance on categorical verbal
fluency test (p = 0.011) and word list memory test (p = 0.021), whereas

DWMH volume showed no association with cognitive dysfunction in AD.

Conclusion: Total WMH, PVWMH, and DWMH were significantly associated
with AD risk. Total WMH, JVWMH and PVWMH were associated specifically
with executive function, immediate memory, and working memory,
independently of hippocampal atrophy in AD. WMH were associated with AD
risk and cognitive dysfunction differentially according to the distance from

the ventricular surface.

Keywords: Alzheimer' s disease, white matter hyperintensities, juxtaventricular
white matter hyperintensities, periventricular white matter
hyperintensities, deep white matter hyperintensities, executive

function, cognitive function
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