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SHQl
25 o|&slo] doiek. ZF A elA] ¥ S| o] S Hske) A7 AR AL Ao AaAlIE el flele], B4l
7t pAleded 7k v S o] 8ste] BE 3] od s vhe3] 74l (multiple regression) & & FAIX ] st
olufl g A} ZHzke] Ay} tho] Bl {42} KA elE $H = (covariate) FhoE Yol 1 xpo|& i3l ict.

A1t Gx=sto|w] FarollA & glo] B3 18]y] A3 A (RCFT delayed recall) 571 Y5 ¥ 3|44
LA 0| 7Hagich, XA AollellA = A Aoy AA (SVLT) Havt Y5 ¥4 &4o] hagict. A4 7]

W FollH @ B2 ol o7l A4 (K-BNT) 84 4
7 %9 ARAAE 9e-E WAL, dle] B 2ely] )

=g Zhol Al A4 (K-MMSE) &9} = 3444 Ha
A (RCFT) Ao kel Al S Moo v,

HE ol A4, $AAYENE TR A859 wl Solld A A ATkl 3D T1 AxegelA 2 ¥ 314
2 9] Aololl BAN O E S8 ABAATL 945 H3leh. o5 HBAZ thgo R 31 F4 AT} o] Fo] Aok dhrka

Ayzto] £},

M 2

od=3lo|H (Alzheimer s Disease, AD) A& E A
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HAgo R z7|de F2 T Do tig 7198 A5tz
A ZFste] ol AFYPEH o Q1A 7| 59 o|4fs 46
gt (D). o5 A9 ¥ 2AE AAFsHE AR (neuritic
plaque)@ Al A A-G-thdko] (neurofibrillary tangle) 22+
=i 1), A7]15 Y994 (Magnetic resonance imaging,
MRI) ZA & o] &3 & 72 FAolA = AFAZ 242
o8l AukA x| 9= (brain atrophy) &7 o] Elt} (2,
3). AW 7)ol F2 7198E geste 8 o FHd
dut(hippocampus)®t W7z =3 A (entorhinal
cortex) 9o = o UetAwt HA} FAHYG, AF4F
= AA H AA = HAUZT (4). E3] G=sto|w A]uj
+ apolipoprotein E (APOE) epsilon (¢) 4 allele -F% At
£ 7= Aol B EC] 2 AR 4EA Ut 5, 6).
APOE ¢ §3A50ll A g4 & A Qs of 20| E H|E}
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Correlation between SNSB and GMV in AD, MCl, and normals

@2 (amyloid beta protein) A AStE Foz
dHA o (7, 8), APOE €49 54 &3 Aol
Aot AE7F BaE Sl (9, 10).

A=A Aol (mild cognitive impairment, MCI)= %
Aol Hlsf Q1Z]7]5 0] oA Sl AHE d=sto|m X|uj
o Mzt A oy, gAY E FPste 82
HzEo] glo] o} & A7} obd A& 9m|gttt (11).
BEIAF = Bl E Hol= AR FFo] FAJA7 e =
g 7|44 Y (amnestic) HE QAR G2} v] 7] A F
(non-amnestic) AE=UAZNZE 27t 71944 E F
EAA N hEE d2to|HE o2 o3& = K, H|
7193 Y A EQJAAF o= g2sto|HHI= o E ofupat
Z+E A9 (frontotemporal dementia)o|t E3A X oj
(vascular dementia) Z-2 tt2 @2 24 7t
A0l w2 AR A vt (12). 71944 T A=A
Folle dzslo|HEoR o|FT 4= Qs LT E S
A glon, B4 gxato] i 1~2%9 Hl&E ¢=8}o]
H 2w 2 AgE = o B, FEARA Gl $Ap= vjd
10~15%9] H|&= A, §3] G=sto|mFoz AT
I G A ok A1), TEkA gEsto|w S 27| Xd 517]
AsiMe 7194A T FZ=JAX ool tigt daPA <l o 3)
7} B4 E7HE sty A7 EW | A ZAIHE 7HeotE
2] AZsE7| Y= FE QA FAE 279 Adst
= Aol gzsomy o R HAH=AS EL S U= =
<y F stuE 2 o (1),

A A A2 A A} (Seoul Neuropsychological Screening
Battery, SNSB)= ¥ 7|53 @€ ttgdt dA7s&
AfA o= QU Brlst= HAroloh, A Zigho]| §lof
A QA7 AT A=E AB/AHOCE Rl = Q= &
=3He AR A FZAE AREE AL Qe (13), BEd A3 A
2] FAE AHEE A$ o F AITE A& Alzto] st
A A o2 7hadt AARE B2 Al E¢koll AAlske B¢
7F Ql=dl, ol#gt 7ho] A7 AN FYe A AR
AFE AlEYsL71 o Sh A A Y1E S Akt W -8
SHA AHEE AL it E23HE A A E HAl= 719,
doled, FAAFY, a5y, AMsd, 358, AT
7rujotsd & ot A GGl gt FH A B =
sHE o (13). ol AAF 2HE B3l QA7 E0 o= A=
FEo 2 AstE A e RS d& 4 o dA
71% Aste H o §4 F&o X[ o]<]2] g A of o3|
A& 7458t7] wizol o sfFha HAbrh ey e ofof g
o} o] AL A7 FHAL i B9 s fetA HA At
ofo] A S Goti= Aol FastH, 53] 3MA Y 3
22 1A 7)F Aot AEE =9 ojFH FHoA duprt
UEAE of= Aol Fasitta AztEr

AR Al SRpof| A 9] x| S HEHA Ao R A7
F4 (MRDo| 2 o|- &5 it 53] g=sto|HH 2

—_—

ot oft
2 of,

—_
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o Aol At A T1 7F=2 G4 (three dimensional T1-
weighted imaging, 3D TIWDS {of 3|49 9= A
TE d6te =io] Wol WRHI ot (3, 14-17). £A
719t e A Z (Voxel-based morphometry, VBM) ¥
2 7|&0 EA JdutE T o2 sto] BNt Wit
9 X HA &2 £ FRAA 29 EA (voxel)ollAl
9 TAA FY8S ¢ = UEE AdE 7l=oltt (18). ©]
WHE o] &sto], d=sto|mo e ANt BlwstH
T1 Z2G4oNA ERAQA WESFY A5 240 vy =
7] SA A EE gl "ok HuE QT (2), B3 BEQ
Aol 2] - AgAgelel vlste] 7Y Z2 Sty
4 (posterior cingulate) §Hol IME-L a7t vepd
o B s 9tk (2, 14). ¥=sfo|H X[ 3x}o] & 3
AA3 MMSE (Mini—Mental State Examination) <
oo AWBAE SATT 2 & AAF3F (bilateral
superior frontal gyrus)®t 9% 3t&5F3] (left inferior
temporal gyrus)olAl Fu7HAael H4=of {3 AuaA
7b okl B e vh ik (15). E3E, A= AR o SApE
o] 3|7 o] Ruo} A7 A A AHBAE ZAFSHA
S o), G EZIAAAF (Word list recall, WLR)&} 2.2
Z #ut (right hippocampus), 22& 7] & 2 ¢¥
(Right precuneus), 9% Fl o] (left posterior
cingulate) F-&0] §-23t 9] ATA ok B =G
o+ (19).

AA7MA = ¥ Ao Rujop AR A HAA Ao A4
I BAE AR EE =20 e Yol A Alol= TR
08 AT FHAY] Htol| ek FHTFL 1HE 5}
A G2 AHE g2 dtso] Iy, AR 2T A
T=wol W2 X A Y] Wyt fARY of whet 2}o]
7F itk Bt Eof glo], o] FHFLE XS AlA
of AA| A7 A AR | 3o RujHsE Hot g
sHA 7t 4= Q& AR A4 EY, gebA, 2 A9
542 ghalo) A oheFet AR A HAANE Sl g=510]
o X @ A= QIX] o SR A =9l R Tol A
x| 3| E Hulo} A HA kY] BA 7|9ER A o]
&3 ATHAE Gotdi=tl Stk & AtolA AEEAE
A 7)o g Hrbst=t 3 AHEE THES Yo, 4
4, 32 Fejoltt,

M= 2w

iRt
2 ATE ATE 2B /1B GPUY AFS W
AAsgon, BE JERRRY FolFNE &
Q72 At NP4 2 BFE A0S 2
L EERE R )
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e 75, A 25T (FdUo] 66,8041 BE
HA} 6.87A]; Vol ¢ 58-81A]; WA 119, oA} 149), F
ZRlA ol 2t 257 (Htuhol 65,6041 EEHA} 7.80
Al Yol 50-82A4]; FAF 149, oA} 119), 221 &
zato|m 2w 22} 257 ( Jﬂ%LM 72.12M); BEHA
9.55A; Lol 9] 49-86Al: HA 29, o=} 23%) ] it
Table 10 @A} 2 22| EAL Festgict. =& Hd=}
oA g AF5to] APOE epsilon 34+ HAE AA|
aHelct,

AAA2[HAL

2 dFolN = BE ABAHEEA (SNSB)E 2= A}
of At 53], =3 7ol YA H AA (Korean
version of Mini—Mental State Examimation, K-
MMSE), s} vt2 w2} ¢]9-7](Digit Span Forward), Al
£ Ao8k5 AAL (Seoul Verbal Learning Test, SVLT),

Mg dojghy A AFA AAF (SVLT delayed recall), Al
2 Aojskg A2l HAF (SVLT recognition), o] Eg=
g 12]7] AAF (Rey Complex Figure Test, RCFT), &
o] B3 =g 7] AAFYAL AA (RCFT delayed
recall), glo] E3=g 17| A AAF (RCFT recogni—
tion), #lo] E¥=F12)7] HAF ©AF (RCFT copy), 5=
FA o] A4 #HA (Controlled Oral Word
Association Test animal, COWAT animal), A5%87|%
A AL (Controlled Oral Word Association Test
supermarket, COWAT supermarket), YA H = 4
Al (Clinical Dementia Rating, CDR), $t=+% HAE o]
Ed7] Al (Korean Version of Boston Naming Test,
K-BNT)E AAIsHH.

MRI ZAt

H 27158 948 AAs 3 i€k MRI &4 (Achieva,

Table 1. Demographic Characteristics and Neuropsychological Test Scores

Group CN MCI AD
Mean +SD Mean =+ SD Mean +SD
© Number of participants 5 A
© Number of men/women 4 wnn w3
 Agerange (Yeas) 5881 s-82 4986
 Age(Yeasy 6680687 65604780 72124955
CKMMSE  2876+130 27964205 17.08+377
 DigitSpanForward ~ 604+137 5764133 < 4324141
CKBNT O a892%718 4864643 2624£10.92
 RCFTcopy ~ 3282+35% 3280256 155841053
CesVLT  2100+45% 17244499 - 10204306
- *SVLTdelayedrecall ~ 700£235 3644269 0524129
© *SVLTrecogniton 21324189 1840+397 16004253
*RCFT  1788%630 12724632 2644198
© *RCFT delayed recall 1698611 12104597 168+189
© RCFTrecogniton 2032253 19844203 15204258
~ COWAT,animal 1580311 14844417 8564336
© COWAT, supermaket 1668406 15964611 7804314
“CDR o000 050£0 084024

Note.— CN, Cognitive normal; MCI, Mild cognitive impairment; AD, Alzheimer s disease; K-MMSE, Korean version of mini-mental
state examination; K-BNT, Korean version of Boston naming test; SVLT, Seoul verbal learning test; RCFT, Rey complex figure test
COWAT, Controlled oral word association test; CDR, Clinical dementia rating; Data are listed as the mean + standard deviation (SD).
Age and gender were statistically significant between MCI and AD or CN and AD (p < 0.05); K-MMSE, Digit Span Forward, K-BNT,
RCFT copy, RCFT recognition, COWAT animal, COWAT supermarket were statistically significant between MCI and AD or CN and
AD (p < 0.05); *All indices were statistically significant difference among the three groups (p < 0.05).
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Philips Medical System, Best, the Netherlands)%} 8
A9 A2 (8 channel phase—array sensitivity—
encoding, SENSE) HgZ Y& o] &3l FE5Th =
< JEA=EH S RFH 42 T1 A2 E4 (3D
TIWDE 535191, AH8E AL A3kEH| L&A
o] Z (magnetization prepared rapid acquisition
gradient—echo, MPRAGE)O| It} AHE-H A= WHEFA|
7t (echo time, TE)=3.7 ms, B2 A7} (repetition
time, TR)=8.1 ms, ¥FA A7t (inversion time, TI)=1000
ms, AoF (field of view, FOV)=236 X 236 mm, t{EZ A
37] (matrix size)=236%236 mm, B4 7] (voxel
size)=1x1x1 mm’, GAIE W&F=A|AH (sagittal), &
HEA (slice thickness)=1 mm, Z#H4 (Slice)=326, 3
YA (SENSE factor)=2.5, 59z (Flip angle)=8" 2,
3 QY EAZEE 58 35%0]qdtt.

Py

MRI HAEAN

B4 dlolgof thgt WA 2 2 (pre—processing)d &
A 719 FAE AL SPM5 (Statistical Parametric
Mapping, version 5) & X E ¢ o (Wellcome
Department of Cognitive Neurology, Institute of
Neurology, London, UK)E ©|-&3to =345t 4tt. HA,
MRIcro (version:1,.40, Neuropsychology Lab,
Columbia SC, USA) T2 o] &3} =3t 378+
A MR 94=< 992 31 P2 o)A Analyzer F4] ot
U= Hesenh W X A4S BRI E APste
B A A7l L5 £0]7] 915t A (anterior
commissure, AC)¥} T3 ¥ (posterior commissure,
PC) A& SHLoE A E 2484t & dtolA e dF
ojLt tpolof oJ3t & 29| Apo] wjZof WA= LS
£0]7] Y3, dutz o2 SPMAA A3 =+ MNI152
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(Montreal Neurological Institutel52) ¥ &% (brain
standard template)©] obd, 50-80A] Ato] <] gH=Ql X
FEZTE o854t (20). THEoZ] ¥ 22T 2E 1Y
ALo] s fehA AR T1 A2 == BT A B
(Non-linear only) &2 F7F8+#3t (Normalization)st$i
3, A3t = A4S 342 (Gray matter, GM), @2
(White matter, WM), 281 &4 (Cerebrospinal
fluid, CSF)9 =AW (Tissue maps)o 2 £ &
(Segmentation) 3ttt £&3e A AT off 3]
(Signal-to—noise ratio, SNR)E &o]1 Y12 20| &
HA3H7] $15t 6 X 6 X 8 mm<] BHAE (Full width
half maximum, FWHM)& Z+& 7t $ A A Y
(Gaussians kernel)2 H% 3} (Smoothing)dF$itt.

SHAz

24 I8 2N (Voxel-based analysis)

u] 347 o gAHBIe} AFA A k] AuA
£ BEs7] fsto], £83t I A o574
(multiple regression) 22 FAA ] st A =2 &
T BEQJA o) © G=stolm Xuf g} Fof A ] 3] 4
A &AL ARZAZ A w3 Ao A BAE H B
4 W 2e B sty AT B 9 AR} 2442
o] i tho] # KA BHEFEHE FHTF (covariate)
oz gol 1 Aol Testant, Anke By v
4 (multiple comparisons)®] 24 glo] p gte] 0.0001
0|3, 2227 (cluster) 2717k 257 0]4te} A%< 2
A2l (extent threshold k=25) A& <Ju] ikl 7HE3HS
o, §7 Wsbk dojut o el e ] AelA, 99
ANZEEH &9 MNI #EE GingerALE®} Talairach
Client (University of Texas Health Science Center

Table 2. Result of Voxel-based Multiple Regression Analysis in Both the Altzheimer’s Disease (AD) and the Mild Cognitive
Impairment (MCI) Groups

Cluster Size Cluster Location BA Talairach Coordinates Z-score
AD: Positive correlation with RCFT delayed recall scores
38 Rt superiortemporal gyrus (ROI) - o 5434 307 9049 479
~ MCIPositive correlation with SVLT scores
27 Lt middle temporal gyrus (RO) 2 64 3836 404 442

Note.— Rt, right; Lt, left; BA, Brodmann area; Z-score, Z-score of local maxima; ROI, region-of-interest; RCFT, Rey complex figure test;
SVLT, Seoul verbal learning test; AD positive correlation: positively significant correlations of brain gray matter volume with the Rey
complex figure test (RCFT) delayed recall scores in the Altzheimer s disease (AD) group.; There was no negatively significant correlation
with the RCFT delayed recall scores in AD.

MCI positive correlation: positively significant correlations of brain gray matter volume with the Seoul verbal learning test (SVLT) scores
in the mild cognitive impairment (MCI) group.

There was no negatively significant correlation with the SVLT scores in MCL

http://dx.doi.org/10.13104/jksmrm.2013.17.4.294 http:/www.ksmrm.org
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San Antonio, UTHSCSA) Z21H-& o|-&3||] Talairach
R 2 vlto] B2t 99 (Brodmann area) 22 3¢l
skt

2 29 J[8 A (Region-of-Interest (ROl)-based
analysis)

A e 54 9= #4571 fsiA 54 76 24
AN2RE 42 BAE SoA FAZCE 7P & BAE
HIA 529 995 ‘31'3}"‘4 TH 992 5459
Talairach HEE TAHLE BIAE 2.5 mm¢! €8 F9&
ALY, 5 0] B FAE S23fol 4 Tf
RCFT delayed recall®t %9 A3 #AE Hel 22X 9
HQol& (right superior temporal gyrus, ROI1,
x=54.34, y=-30.7, z=9.49)2 Z = AR Zol] E2} Fof| A
SVLTS &9 ABBAE B 9F 57 FolF (left
middle temporal gyrus, ROI2, x=—64, y=—38.36, z=
—-4.04)< AR E oE F B#HIG9S Y = &
o K-BNT} &9 AHTAE Eel 4F wo|z (left

EZ = ﬂ-llﬂ

cingulate gyrus, ROI3, x=—1.39, y=-11.83, z=30.16)
I o AAAAE B EF H o (right posterior
cingulate, ROI4, x=7.95, y=—40.47, z=14,99) °]it},
opAe) g 22 QA =21 B Ao A RCFTSF 49 A
AE B 2EF B FF (right caudate body,
ROI5, x=11,92, y=9, z=8.93) o|3it}. o5 JAHIFGE
el A= Table 29 Table 30 W2 EAIE 33t o] &
A FGolA E& o A RujEof thsfAl, Abslzehg
FA L2233 (Statistical package for the Social
Sciences, SPSS) < o438 ] 3|47 Rujo}t AAA A
AR LA E FotE YTt £4L olvF ATATE
o] & ATEAZ shlch o|MF R E X Ruje} A4
2 A3AL g2 AT AFA A S TSR St
Ay 7184 (¥ B 3 d Ru))SE 3515t
ol wf, wFE F3f ol A U FARFEH FFS o
AA7lE e AR I Fole ¥ FoyF) o AFA
ZAA xF) #2018 g AR EE Ug L, A4 A
A a2 g 1, F R 2ke] Al thal EASHE

Table 3. Result of Voxel-based Analysis That Shows Significant Correlations of Brain Gray Matter Volume with Seoul
Neuropsychological Screening Battery (SNSB) in the Cognitive Normal (CN) Group

Cluster Size Cluster Location BA Talairach Coordinates Z-score
Negative correlation with K-BNT scores
29 Lt. cingulate gyrus (ROI3) 23 -1.39 -11.83 30.16 431
31 Lt. cingulate gyrus 24 -3.15 -9.26 23.17 3.96
Negative correlation with K-MMSE scores
77 Rt. posterior cingulate (ROI4) 29 7.95 -40.47 14.99 4.49
77 Rt. posterior cingulate 29 4.27 -47.56 10.65 427
Negative correlation with RCFT copy scores
25 Rt. middle temporal gyrus 21 60.36 -1.68 -18.28 5
27 Lt. superior occipital gyrus 19 -33.14 -85.03 29.89 4.83
27 Lt. middle occipital gyrus 19 -33.03 -87.89 20.62 4.25
25 Rt. Insula 13 32.01 -38.73 15.56 4.35
Negative correlation with RCFT delayed recall scores
28 Lt. superior frontal gyrus 10 -23.1 59.66 11.34 4.88
Positive correlation with RCFT scores
36 Rt. caudate body (ROI5) 11.92 9 8.93 5.06
36 Rt. caudate body 11.82 -0.84 13.41 4.49
Negative correlation with SVLT recognition scores

41 Lt. Precuneus -9.04 -61.11 34.37 4.78
41 Lt. Precuneus 31 -8.89 -58.2 23.84 4.57

Note.— Rt, right; Lt, left; BA, Brodmann area; Z-score, Z-score of local maxima; ROI, region-of-interest; K-BNT, Korean version of
Boston naming test; K-MMSE, Korean version of mini-mental state examination; RCFT, Rey complex figure test; SVLT, Seoul verbal
learning test; There were no positively significant correlations with the K-BNT, K-MMSE, RCFT copy, RCFT delayed recall, RCFT, SVLT

delayed recall, and SVLT recognition scores.
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Z I

&Rt 2ol el7sts S&nf At

T FE= /AN AR 2kl ' (student t
test, p=0.406) & 1] (p=0.567)l141&= BAH2E {9
gk ko] 7F LA (p)0.05). A A HA FolA K-
MMSE (p=0.106), Digit Span Forward (p=0.467), K-
BNT (p=0.885), RCFT copy (p=0.982), RCFT recogni—
tion (p=0.463), COWAT animal (p=0.361), COWAT
supermarket (p=0.626) HAF A= F 27| SAHL
2 9u] Sl= &ol7t ek (p0.05). AT SVLT
(p=0.008), SVLT delayed recall (p<0.0001), SVLT
recognition (p=0.002), RCFT (p=0.006), RCFT
delayed recall (p=0.006)= F =1 AF o EApo] A4
ool vl F-9]5HA tol7t e Aoz vttt (p<0.05).

A=Al oF = stom At 7He] A (student t
test, p<0.0001), Yo| (p=0.011)N A= EAH oz §-o5t
Ao 7h At} (p<0.05). A7 4l 2] A A= K-MMSE (p<
0.0001), Digit Span Forward (p=0.001), K-BNT (p<
0.0001), RCET copy (p<0.0001), SVLT (p<0.0001),
SVLT delayed recall (p<0.0001), SVLT recognition
(p=0.014), RCFT(p<0.0001), RCFT delayed (p<0.0001),
RCFT recognition (p<0.0001), COWAT animal
(p<0.0001), COWAT supermarket (p<0.0001) ZF &=
slow ghAtto] B =R A ol tof| Hlsl -2 8HA Aol 7}
U= AL =2 Yyt (p<€0.05).

et g=sto|m SRt 7H] A (student t test,

o|&oi 2 299

p=0.028), Yol (p=0.003)%4+= SAHLZ {23t 2}0]
7b A (p<0.05). AF A g AAHE K-MMSE (p<
0.0001), Digit Span Forward (p<0.0001), K-BNT (p<
0.0001), RCFT copy (p<0.0001), SVLT (p<0.0001),
SVLT delayed recall (p<0.0001), SVLT recognition (p<
0.0001), RCFT (p<0.0001), RCFT delayed (p<0.0001),
RCFT recognition (p<0.0001), COWAT animal
(p<0.0001), COWAT supermarket (p<0.0001) 2% &=
sto| hapto] Aol vl -4 stA o]zt e AL
2 Yebgth (p<0.05). Table 12 & ¢13Lo] &ojgt A b
AR} 2 BRIl 9 g=sto|w A o HA}F 9 ¢
784 EQ1 dAHFES A sk

SM 7|HE 2N (Voxel-based analysis)

&g =3}o|t] z|uj| EA}tol A= RCFT delayed recall &
ot Q 2& A& olF} (superior temporal gyrus,
ROI1) €99 ¥ 3429 Fuo} o] AABA 7} Q= A
o2 Yetgon (Fig. la), o2 AR A 21k} A
O E FOgt AT BAE Hol= AL gt Fx=dA
71 5% ol = SVLT Aot 9F FHEFo|=
(middle temporal gyrus, ROI2) ¥¥ 9] ¥ 34 Ao] K
o} ¢ FBIATL = AL E Ueger (Fig. 1b),
OE A A Ao} 1] 3] Bul= FAHCR
o3 A BAE Hol= A2 I Table 29 B&=<
A7) Ao R g=sto|m 2uf P2} Fof| A FA4H
|41 A AHA Aete] BA 7|9 ARAAE 24
g AE Ygsta Qo

B4 AR FollA M 3AE LA} A A AA A2t

Table 4. Results of Region-of-Interest (ROI)-based Analyses to Demonstrate Correlations of Neuropsychological Test Scores
and Gray Matter Volume in the Cognitive Normal (CN), Mild Cognitive Impairment (MCl), and Alzheimer’s Disease Groups

Subject SNSB ROI *GMV Pearson p-value r

AD RCEFT delayed recall (+) 1 0.527+0.076 0.765 0.0001 0.585
Ma st 2 0300£0094 0785 00001 0617
oN KBNTO 3 047840082  -0345 00001 0119
N KMMSEQ 4 0103£0059  -0751 00001 0564
cN RCFT®) 5 0622£0052 0663 00001 0440

Note.— Pearson, Pearson correlation coefficient; 12, r-square; CDR, Clinical dementia rating; SNSB, Seoul neuropsychological screening
battery; STD, Standard deviation; RCFT, Rey complex figure test; SVLT, Seoul verbal learning test; K-BNT, Korean version of Boston
naming test; K-MMSE, Korean version of mini-mental state examination

Region-of-interests (ROIs) were listed in Table 2 and 3.

*Gray matter volume (GMV) ranges that show mean + standard deviation (SD) are between 0 (0% gray matter) and 1 (100% gray
matter).

SNSB scores of RCFT delayed recall (+), SVLT (+) and RCFT (+) indicate positive correlations with the gray matter volume in brain,
respectively.

SNSB scores of K-BNT (-) and K-MMSE (-) indicate negative correlations with the gray matter volume in brain, respectively.
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ofo] BA 7|t AHBAE £A% 23t ¥ 39 o
¢} K-BNT, K-MMSE, RCFT copy, RCFT delayed
recall, SVLT recognition H<¢t So| 4HAAE 2o
F9om, RCFT Aol ARt ¢ 4aaA 7 e ALE
Ut 38 K-BNT9F 29 AHAAE BT 99
2 9#9] cingulate gyrus (ROI3)O| A (Fig. 2a), K-
MMSE & 29 A##AE E"‘ FAdE LEZY
I (Fig. 2b), RCFT ¢+

posterior cingulate (ROI4)°] %1

r

S8 ﬂﬂﬂ

N\

N
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Fo| FHBAE B X2 2E £9] caudate body
(ROI5) o]t} (Fig. 2c). Table 3] A o @A} Fol| A
Y 3|4 §A T AFA AL 2rete] EA7|RE At
AE 48 A8 Ut it

2l A J[8E BN (ROI-based analysis)
EA 7gk B4 A2 RE dolX gzsto|n b
AF9 g & (ROID), A=A SAp2 T4 99 &

Fig. 1. Results of the voxel-based
positive correlations between gray
matter volume and Rey complex figure
test (RCFT) delayed recall scores in
Alzheimer’ s disease (AD) patients (a) or
Seoul verbal learning test (SVLT) scores
in mild cognitive impairment (MCl)
patients (b).
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Z(ROI2), B4 =Y #AHFY Al & (ROI3, ROI4,  AH}E AHstA, 27k ROINA 9] 3w 2 o] Ko
ROI5) el A ii-c N7 A Aot ] IAd 83 719 (Gray matter volume, GMV), Pearson A& A+ 4 &
ABIAE ThA] ld = 2™ Table 40 43 AR 2] (p-g, r2 FE FASHA olF FFAAY A

Fig. 2. Results of the voxel-based
correlations between gray matter
volume and Seoul Neuropsychological
Screening Battery (SNSB) scores in the
elderly cognitive normal (CN) subjects.
a. The negative correlation (blue color)
between gray matter volume and
Korean version of Boston naming test
(K-BNT) scores.

b. The negative correlation (blue color)
between gray matter volume and
Korean version of mini-mental state
examination (K-MMSE) scores

¢. The positive correlation (red color)
between gray matter volume and Rey
complex figure test (RCFT) scores

SES @E‘Eﬂ
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WA 29& (Fig. 3ol o gk, 5A 7|9 244
ﬂr-‘l} Zo] ROI #4& £ g=sto|w gAA}+2 RCFT
delayed recall A< (ROI1), AE=AR| Ao I A 9
SVLT A4 (ROI2), 282 A k9l " ¥} ¢ RCFT
A4 (ROIS)S} 49 AHBAE 2= AL E YepdS g9l
o Uik A =9l A 29 K-BNT &4 (ROI3)
2 K-MMSE A4 (ROI4)= Z+ & 32 874 Alo]of &
of 4RAZ 2HBE % T 4 Yok

£ 9

2 479 5L Yo], A, FHARFHE THF
MBS o gzstolm HEIA N, A el 53
;4 oA AZF A AA 2ot 3D T1 ZE2F4olA &
2 Y 3 B Alo]o] FAACE Fo3 oA 7}
UETHE B4 7|9HEA S o] g3t dotdi= Ao, o
HATLE Tl gxsto|n A L9 o I4F LA
RCFT delayed recall A4 Alolof| EAH o2 F2|3 &
O] AT S R o, A=A HFA o
Al SVLT 48 TAA 2§23 &9 A BA7 3L
£S5 99t} (Table 2). A ¢ 27 = K-MMSES}
K-BNT X<=¢} ] 3]47 Hal Alo|of F9] At Axt
£ H33, RCFT A= 49 ATHAE E3A (Table
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Fig. 2. C. the positive correlation (red
color) between gray matter volume and
Rey complex figure test (RCFT) scores

A\

l

A\

3). otdfoll= & AFolA &
Fise

< A diet EdES Ve

2Ax510|0 TIFKIO[AML] AREHA
& =3}o|H FRo| A= RCFT delayed recall d4:7}
HErE LEH A9SFolF (Rt. superior temporal
gyrus, ROI1)OIA ¥ 34 &Aoo k4R th, RCFT
delayed recall A3 7198 & SAst= HALR 3
Aot = 3 Md EA o= ¢ A BAE 7L QL
ot (21). o]+ &=3lo|H Fx} A delayed recall®} sfut
(hippocampal) 7+2] F&] FHLA7L k= 71E€ =29
Aot fA} sttt (22), AISFolFE 27] g=stoln g
Ao A HAE = o] HYZE HI2YA FH (Wernicke s
area)s EZdt= Aol E 737”357_‘13] Qo= QX715
T ANAH 7198 a3 ZAE-S 3t (23). WA B=
AR 7] 5 ot &=3to|n X “H Y& oA RCFT
delayed recall 47t R A U2td A& Folg £ 3
A 5o Qe Bl 4 TY AAAHEE AH=
7]‘21'3}}] Zotal A T A EF o eS 4
S Aolgt &5 & 5 . ol T2 HFL RCFT
delayed recall A7 BYS4E A 243 7198 7H4 24
ol o AR L FASFolFY JMA =5 A=t A

o2 Yepge},
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Fig. 3. Results of the region-of-interest-based correlations
0500 between gray matter volume and Seoul Neuropsychological
Screening Battery (SNSB) scores.
oo (S a. The positive correlation with the Rey complex figure test (RCFT)
delayed recall scores in Alzheimer’ s disease (AD) patients.
b. The positive correlation with the Seoul verbal learning test
o, 08007 (SVLT) scores in mild cognitive impairment (MCI) patients.
EI ¢. The negative correlation with the Korean version of Boston
8 naming test (K-BNT) scores in the elderly cognitive normal (CN)
subjects.
d. The negative correlation with the Korean version of mini-
mental state examination (K-MMSE) scores in CN. subjects
. e. The positive correlation with the RCFT scores in CN subjects.
0.3007]
3C:0 3.‘:.0 IDIO dSID 5«0‘0 55‘0 60‘0
KBNT_neg
e
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]

SOIX|ZH0H DI AIIA L] AFRHEEA|

EA FofFo e SVLT 47t HE4E 9% 5
Folg (Lt, middle temporal gyrus, ROI2) oA X
A &Ao] A2 SVLTE 7198 (memory) &
Brtste AALR A4E 7198E 2 5745t RCFTH
22, K-MMSEAH o4 7198 & S4st=d 2 &
ot (21). wehA] A7t X““’ﬂ 7Vh&4E SVLTY 3
A7t =0 S5 FoIR2 A4 Ao dol 58 &
o3t Lo 2 (24), S %13_ o hof 9 oju| & T}efst
71% skl AR E 7HESHAY A5t d2s AR &
=L FS5E Y, meba] o]3to] EAME A= A|7]) % Aol
AT A S Yot 7] AEL HrleHo| v £AE
AE o AU AFEA Y HAR BH % SPM cluster $JA]
9} ROI 235 &3l SVLT A7t @2 SALFE S5
Folge] A A9 A HAevt E AR YEHT
5, A=A Bl J@A oA SVLTHS7F #A v
i"/}tﬂ & Tl & o] S H U= RS 9n
El=

ot toh N
_P:;, J_l'); o,

A0l DKM 22

AAeQlel Wajud Bl SR duet ¢ &
L o] AA 7} Q- gttt A W ;q], A} 132}
o] 4 K-BNT A9} gjArs] £ ] 3|7 2uj7} &9 A

TBA; ASS B2 §lh, K-BNT FA= ©lg W
7] %‘Q (Naming) & &lst= AALR (13), HA3 o3&
& A= 59 017\]7]1‘ AT g dsts Aotk o
Pﬂ (cingulate gyrus)= F9& A&7+ 58, Hi¢ts

H 28z IR ARl g5 o Tofst= | FHolt} (25).
2hA] ERpo A K-BNT H47F R th4t3] & w3448
o] JEZE T 9] Agolu} AA A HFAo] Ho|A =

AIBAE Hojof g}, kAT & A Ao A=

ATHE Ao 2 3 A FY ABTA7L ofd 29
A 7L Yot s e g 3 7|E At Aot o
2A vggo, A4 fdxE 25 A4 HYY K-BNT
Aol H 7les E7] diEel, 3% 59 ABaA 7L of
d ou| g Fost=Aof tigt F7FH 0 A7 Besirta
v},

T 84, A B P2 A K-MMSE H49F 3= djArs)
(Posterior cingulate cortex) & ¥ 3 A Hu]7} S-2] A
A7 A& o= Itk K-MMSE= Al7HA|12H
(Orientation to time), 4223 (Orientation to
place), 71952 (Registration), FIIF L AAt
(Attention & calculation), 7] 934 (Recall), 919
(Language) 22)7] (Drawing)E 53 H715& 243
tH(13). *F t443 9 Azt as g=ston SRfo A
é}ﬂt '—5»79 % stutolth (25). Ao A= K-MMSE <
7t R oW X757t o A Xu) =& YEr T o]

°¢ o of 2. -EL mlo 0*

o o]
2
3}
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£ 84 Boje] AR BT o] F gkl %ol 4
BEAZL Q& Aolth (15, 26). SHAE 2 ?‘J?LOHH—L—X
SR A3 49 AN U Akt v 2kt
HE o] 29 1ol A3 K-BNTS b2
ARAE 25 B B KMISE o0 o
g7l R B9l HBIAL 3 SJulot 98 Aol
BHE 23 o|F 46*1}201] o 24 el Bas
ok 4zrEn,

A A, B9 ol ROPD 34k 01499 (e
nucleus) 3/989] R5jo} ko] ABuAG Hol2m G},
e e Solaaq S50 4 FAHe o
E2 5t 715 AT (27). mekd A4 @A 2ol
RCFT 447 w7 Uhechel nl4s) sjapdo] $155 9t
L A2 U@ Relt), o2 Bl @A BA2e R
44 g5o & 2894 £31 23 T WA 2T s
He AL 25 QAT A BYF| o] SL BE A4
2o P8R A7 FHL HolAL g A 2t

o719 EHy

2 A9 2 obie 2k AA= 4 A F AL ] 25
Hog o AFHIL e Aol Histe] AFA 7}
Atk Aolth, FZo Hl=S Aoz d=sto|H Aujo
et o 71 A Gl g A7 AF Foltt, o]
ADNI (Alzheimer s Disease Neuroimaging Initiative,
www.adni-info.org) A+E T A= FHPAA
A8 &Y A A g A Sl HEEHIL Tt
wehd B Aot 2o BAS e 9 UEAE fae
2 e dhi Alo] £ g0l § 402 AL, S of
AE B =R B ATo|4 T3 94 Bt AL
of YA} ot 297k Bk (14, 28, 29).

EAL B4 5 ALY Ao, whE el vm Ry
(multiple comparisons)l gt B4 ¢lo] p gko] 0.0001
o|a Y XH (cluster) 27]7F 2571 o] 9] A&A U &
As o] Aokal ZEFskAT. olo Hi't A A on| S
o =7 5t7] HsiA = HHEA QA Bl R A of tigt 2o
Fasity A EHAG & AFo A= o] FoA A EJh,
AT 7|29 W =2 EolA BHEAQ Bl tigt B
< 54 Y= A$ p &S 0.0012 AMESE A9 2,
2 AFoAE o] FET B 2 p &E AR5 Z2AF
< oha AMAARY (14, 26). Y AHA EA A 2 F
P @A 5 Hadsto] 5 Aol WHEA Q] HaE
Aof gt BA& k= Aol Basirha BZHEr

AR E 4 =Rle Al K-MMSESH K-BNT 43 3
9 ¥ 3 §A 10 ABRIA T} A W= &9
SHEAZE Ugkow olof et S Al Be| A ZR
ot ot AT H AAOA 7)ol f71Aem ddY
o] YojA ARAHAA 27t & ¥ &5l s FF
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2 o} ¥j9] ERREA AR 71 5H WsH RPkn
#2980 (14). whebd GYZUIAL ALY T Y
2 HY S 92 R 2ok A4 342NN B3 Q7%
H7heh o] SMA Fuoh S T O AT WAZ HolR
L ol M, FF 54 Bt ool ARUA S BAY
rzstoln] Au) A2 ATEA T FYYHR o}
O]L-

X 2ATTH US4 2 o2 HAAL B o
Tl AN B AFRTGHE $H A77} @ ol 2o
Hok & Aoltt,

e

o], Ad, RAAFHE THT SR AHSSHGS o,
Al 718 £AS o] §sto] dzstolm, HEQJAZ |, B4
ol A A 29 HoA A4 dA 2ket 3D T1 A=
FANA @& H A B Apolo] FAHLZ {3
AHBAZE QA AU, I A dxstoln A

A= RCFT delayed recall 471 $&+E 222 4
$j&=Fol& (Rt. superior temporal gyrus)olA ¥ 3]
A &30 Ao 745"]7‘] ool A= SVLT &7t
HerE dF $5Fo|% (Lt. middle temporal
gyrus) oAl 5’43’3]’5355—_1 &40 A2yt A4 AR o
A= K-BNT d<=¢t 912 tf43] (Lt. cingulate gyrus)
Y A Bu7t 29 AuBAE E93, K-MMSE &4
oF 0 2% 3= tj43] (Rt. posterior cingulate) = 3|4}
A Fu7t 2o FBEAE HA oW, RCFT At 225

048 (Rt. caudate nucleus) 292 9] Hu]o} Fo] AF3h
TAE B3, webd AAEQdE o= o= 534
A7} o] FojAop & A Lt

S

o

ZAel 2
B Q7L HAERE BA T AT EAY 2] A Yo 2
sto] o] Foi7l AU (A111282).
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Investigation of the Correlation between Seoul Neuropsychological
Screening Battery Scores and the Gray Matter Volume
after Correction of Covariates of the Age, Gender,
and Genotypes in Patients with AD and MClI

Seung-Yeon Lee', Soo-Young Yoon', Min-Ji Kim?, Hak Young Rhee?,
Chang-Woo Ryu*“, Geon-Ho Jahng?*#
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Department of Radiology, Kyung Hee University Hospital at Gangdong
*Department of Neurology, Kyung Hee University Hospital at Gangdong, School of Medicine, Kyung Hee University
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Purpose : To investigate the correlations between Seoul Neuropsychological Screening Battery (SNSB) scores and
the gray matter volumes (GMV) in patients with Alzheimer’ s disease (AD) and mild cognitive impairment (MCI)
and cognitively normal (CN) elderly subjects with correcting the genotypes.

Materials and Methods: Total 75 subjects were enrolled with 25 subjects for each group. The apolipoprotein E
(APOE) epsilon genotypes, SNSB scores, and the 3D T1-weighted images were obtained from all subjects.
Correlations between SNSB scores and GMV were investigated with the multiple regression method for each sub-
ject group using both voxel-based and region-of-interest-based analyses with covariates of age, gender, and the
genotype.

Results: In the AD group, Rey Complex Figure Test (RCFT) delayed recall scores were positively correlated with
GMV. In the MClI group, Seoul Verbal Learning Test (SVLT) scores were positively correlated with GMV. In the CN
group, GMV negatively correlated with Boston Naming Test (K-BNT) scores and Mini-Mental State Examimation
(K-MMSE) scores, but positively correlated with RCFT scores.

Conclusion: When we used covariates of age, gender, and the genotype, we found statistically significant correla-
tions between some SNSB scores and GMV at some brain regions. It may be necessary to further investigate a lon-
gitudinal study to understand the correlation.

Index words : SNSB - brain gray matter volume - genotype covariate - Alzheimer’ s type dementia
multiple regressions

Address reprint requests to: Geon-Ho Jahng, Ph.D., Department of Radiology, Kyung Hee University Hospital at Gangdong,
School of Medicine, Kyung Hee University, 892 Dongnam-ro, Gangdong-gu, Seoul 134-727, Korea.
Tel. 82-2-440-6187 Fax. 82-2-440-6932 E-mail: ghjahng@gmail.com

http://dx.doi.org/10.13104/jksmrm.2013.17.4.294 http://www.ksmrm.org



