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Evaluation of AD inference performance based on the ADS and MMSE total
score: ROC curve and AUC discriminate NC from MCI, mild AD, AD, mild AD/
AD by ADS.
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Background: The first steps in the diagnosis
and treatment of dementia are to discriminate
mild cognitive impairment (MCI), mild
Alzheimer type dementia (mild AD), and AD
from normal cognition (NC). We clinically
applied Brain Anatomical Analysis using
Diffeomorphic deformation (BAAD), a Voxel-
based morphometry support software equipped
with a machine learning inference model, for
identification of cognitive impairment, by using
structure MR neuroimages (3D-T1-weighted
images).

Method: 692 subjects (299 men, 393 women,
median 79.0 years old) were enrolled. Cognitive
function was evaluated by the Mini-mental state
examination (MMSE), and classified into 4
groups from the total score (30 points); NC (30-
28 points) 291 people, MCI (27-24) 244 people,
mild AD (23-20) 88 people and AD (=19) 69
people. AD was inferred using BAAD from
high-resolution neuroimages obtained by 3 Tesla
MRI. The correlation between the risk of AD
(AD score, ADS) obtained by BAAD and NC,
MCI, mild AD, AD, and mild AD/AD was
examined.
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Results: From the receiver operating
characteristic curve (ROC curve) and area under
the curve (AUC), NC and MCI, mild AD, AD,
and mild AD/AD were discriminated by the
optimum ADS cutoff value. NC and MCI had an
ADS threshold of 0.86 and an AUC of 0.579, and
were insufficiently identified by ADS. NC and
mild AD, AD, and mild AD/AD was
discriminated with moderate predictive
performance with ADS thresholds of 0.61, 0.44,
and 0.61, respectively.

Conclusions: BAAD was clinically applied to
screen for cognitive impairment. By inferring
AD using the ADS threshold of 0.44-0.61 as a
guide, it was possible to identify cognitive
dysfunction from structure MR neuroimages.
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I. FU®IC

ARAIE IR, S PTHY 5,000 T AAE S THB Y, EAEK 1,000 T3 A25H 7212 S8
LTwa Y BAEO KR ED DT VY NA < —RZBASE (Alzheimer type
dementia : AD) &, o7z AR SN AOBRREDSA T W9 ISR S 2 AT
DEMWRBT, TNETHMREREE IRV E SNTE . BE, ERIGEEICX
% RSB RE O BEEIIHNIM 2 T, AD DI - AT WRAMICHE T L7 I v F
BIBMBASEDH 72 SIS S, RRANBRREREE 5 5 RO R HAE NS ¥

FRHIVEE DB W - WHHE O KL, BEE R AR E (Mild cognitive impairment :
MCI), #®FE AD (mild AD) 3 & U°AD % #HIE# % (Normal Cognition : NC)
LTI lich s Y. WEERKSCTHS SN Brain Anatomical Analysis
using Diffeomorphic deformation (BAAD) 1%, # 7 MR il #% Mj 1 5> & Voxel-
based morphometry (VBM), Support vector machine (SVM) % # A& b1 T
AD 25 VBM XY 7 b 27 Th 5 " . BAAD Tid, AD TORE
M8y — v L OFPES AD #HE 1) A2 (AD Score : ADS) & LTHHE S, &
ABERERE OB W) & %% 5.

KFFETIE, RAEREREDZ ) —= >V ZIZBAAD ZBHRISHL, Bo5h:
ADS &, Mini-mental state examination (MMSE) #& 1% 54 & 4% S 11 72 NC,
MCI, mild AD, AD, mild AD/AD & DOHBZRE L7z, HEBRRICE VT, ik
MR FfE 5 & PR RERE % % k515 % 1. T BAAD OfF A &G 5.

Il. X¥REFE

1) W&E

oFg L, MBET 2017 4E 11 A5 2019 4E 12 H £ T 26 & A M B Ak R
EDA) —= v AR ER L7z, 60 1%L E 90 AR O 692 44 (FRILE, 79.0 7).
AW, BEEAGRSOMAZEXTRAIN, SFITHHEFEE ([ 7+
—AFarkerbh) 2E7
2) IR OIEFNIRE

FR OB IR L LT, KM B RS RIS — HAM (MMSE-])” 2 %ML,
BB A AT 5 MM R MEE (TS), SHElEL (HK, YK, YS) ICXD3f
filiL 7. MMSE OAfkix, B (30 5) 25 FHfE, FEFELEZHEH L.
A WF %2 T, MMSE 30 ~ 28 /5 % HC, 27 ~ 24 3 % MCI, 23 ~ 20 #i % mild
AD, 19 MUIT% AD @ 4 BHCHB L THRET L2 7.
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3) MRI 2 E &

BAAD T IS EE R EE MRI (X, 37 AF MRI (SIGNA Pioneer (GE NV A
7TV x8v)) BEHL, FREOSM TG L2 3D-TL 5k W% 12,
BRAVO;TR/TE, 92/36 (ms);FOV, 240 X 240 (mm);matrix, 288 X 256 (mm);
AT A4 A, 16 (mm) ; #EHE, 196 ; BARFERH, 64 33#. FLAIR &, Fast
spin echo : TR/TE, 8000/128 (ms) : FOV, 240 x 240 (mm) : matrix, 288 X
192 (mm) ; 254 AJE, 40 (mm) ; FEAE, 39 FAREER, 45 26 7.

4) ADS & MMSE #£18=(C K % AD #7I1MERE D FHh

3% MR ##EH £ DICOM 7— % 1%, BAAD (ver4.3.1) Tf##f L7z. ADS i,
AD OGNy — v EOHEPEDL0~1 (NC~ AD) O¥MECTHH Sz,
ADS \Z & % AD O, L OBOGHEEICIRE S 5 2 & 2K, HHYNT
kS X, automated anatomical labeling (AAL) \Z& N5, @I XTHORLHE
W OKHE) ofkkE AJ17—% L L, BAAD ® A THIFEICHEA L CRffli L 72.
MMSE #4354 548 L 72 NC, MCIL, mild AD, AD, mild AD/AD ®»&#i2D
W, ADS B PESR & B TESRO ROC Mt 2 1Emk, AUC #HM LT, ADSIZX
% AD kBl PERE % 3P4 L 72,

n. % =R

1) M OIEFARERRE EXNREDBR

MMSE #4555 5, W8 ¥ 692 %% NC (30 ~ 28 45) 291 %, MCI (27 ~ 24)
244 4, mild AD (23 ~20) 884, AD (=19) 694D AMICHE L. &HO
Bk, 4F#s, MMSE #rEdB X O ADS O fi% Table 1 ISR L7z, 72, &
W7 XNVDE R NT T L% Fig. 1|2, Uil & U5 #iPH % Fie. 2 12 L 72,

Table 1

Clinical data : Gender ratio, age , MMSE and ADS of 4 groups classified by MMSE total score: NC (30-28 points) 291 people,
MCI (27-24) 244 people, mild AD (23-20) 88 people, AD (= 19) 69 people.

Item NC MCI mild AD AD Total
No 291 244 88 69 692
Male/Female 125:166 100:144 40:48 34:35 299:393
(%) (43:57) (41:59) (45:55) (49:51) (43:57)
Age 76.5 + 6.9 792 + 59 79.7 £ 6.4 82.0 £ 59 784 + 6.6
MMSE (Score/30) 289 = 0.8 258 = 1.1 21.7 1.0 151 = 4.1 255 + 45
ADS (AAL) 0.44 = 0.30 0.52 + 0.32 0.65 = 031 0.79 = 0.22 0.53 + 0.32
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Fig. 1 Fig. 2

Diagnostic label histogram: Age distribution of NC (30-28 Median and interquartile range diagram: Age and diagnostic
points) 291 people, MCI (27-24) 244 people, mild AD (23- classification of NC, MCI, mild AD and AD.
20) 88 people, AD (= 19) 69 people.

2) ADS & MMSE #5852 &k % AD 514 BED ST

ADS % T MMSE #4352 5 5% L 72 NC & MCI, mild AD, AD, mild
AD/AD D &HE % i3 5 HemwERe 2 5Pl L 7. IREPE DR Efi i owT, ROC
Mg, AUC 2% M L, Youden-index 25 K& 7% ADS 71 v & 7 fifi % o538 7 B
fiid L7z. NC & mild AD &1, ADS B 0.61 T, AUC = 0696, *5EE 0675, &
B 0687, JEFLEE 0636 Tkl 7z, NC & AD &3, ADS Bt 044 T, AUC
0.826, FHEE 0611, JB&EE 0529, FFHEEE 0957 Thkpl &7z, NC & mild AD/AD i,
ADS B 061, AUC 0.753, A5E 0.692, J&EE 0.687, HFH#EE 0.701 Tkl & 7z,
NC & mild AD, AD, mild AD/AD & &, Wi iLd HEEEOF MR Takil S 7z,
L2 L, NC & MCI & i, ADS [ 0.86, AUC 0579, % EE 0.600, )& FE 0897,
TR 0245 TH Y, ADS I X B 5IIATD Th - 72 (Table 2, Fig. 3).

Discrimination of MCI, mAD, AD, and mAD/AD by ADS from NC: Optimal cutoff value, AUC, accuracy, sensitivity, specificity
and Youden-index.

Model (AAL) Threshold AUC Accuracy Sensitivity Specificity Y-index
NC vs MCI 0.86 0.579 0.600 0.897 0.245 0.143
NC vs mild AD 0.61 0.696 0.675 0.687 0.636 0.324
NC vs AD 0.44 0.826 0.611 0.529 0.957 0.486
NC vs mild AD/AD 0.61 0.753 0.692 0.687 0.701 0.388
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Fig. 3

Evaluation of AD inference performance based on the ADS and MMSE total score: ROC curve and AUC discriminate NC from
MCI, mild AD, AD, mild AD/AD by ADS.

Iv. & %]

AR, MRI 72 E BRI O BHEMRAAIL < b, S5l 2 Mm% oK) =
— AT I EBLIENEG o7t Y W MR RIS TN T — 513
BRTHY, ANWEETIE, BEORBEZRNT 2HMEEL 2L IHEETSH S,
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BB 13 MR MR ER O L RITTEHRA S, REEZRET L2 HBEO/NY — v &4
W52 E@EL2EMTH 5. VBM iF, MR AR GEORTEZ®S L, WF
B OHEB OB 2 J B PO RIS T 22 £A25T& 5. VBM T, filx
TH# 7 % 3D-T1 M MRI Wi{5 % i 22 AL L 7o AT (0 &, Itril
W, HE, IREEZARSE L, SETFEE T, B0 (KA Ok
RN T 5. Fio, NLHBBORBEMTHIBMAHE T VITY XA L LT,
Kernel #5125 %5 SVM ZH Wb 2 & T, PEOT— I »oimET VEIERT S
ZEIREE A Y

BAAD (&, AD #ZWiscfez 17 ) WMMyH - HEmET VO VBM RV 7 b7 L7
Tho Y ATHBEDHE 213 ILK Alzheimer's disease neuroimaging initiative
(ADNI) 7—4% ~X—2%5 AD 359 B, NC 543 D15 & firE MR Fie i {§
ZHAEIT—%+y b LTHHL, Leave-one-out RZ=MGE CHERRE 7V O RE %
SPAM L, KSEE 933%, WREE 93.3%, FREEE934% T, AD & NC EAskplsnz:
BAAD Tid, WAeKZBHFHT b T A2HEITWCTHEBORFFHEBUCSE LTl
DR RE L, B SIRBERESER SN, S SIEERORER
R L7z 2zl H5N5. SOz li% VT, AD ORZEM/ Y — > & QYD
ADS L LTO~1DEMETIREN, 013EWVIFENC THLWHRENEL, 112
MWIFEAD TH A M E L 5. AD OB Wi, Hixk MRI Fiifem {5 o 15
DHARTIIHEETDH ), BAAD TH S N7z ADS IZiE, NC & AD W % #& 5 3 54
MBI E SN TB ST, FLMICE U R 2B E MET 2 0855 5 ©.

FeASE T, #EE MRI ©#FililC Voxel-based Specific Regional analysis system
for Alzheimer's Disease (VSRAD) %M SN CT& 7. VSRAD Ti& MRI Hif%oD
FENT RN WG O EAE D T DN S 75, BAAD TIRIEM S kw70, BAAD 131E
WOMRIGEDH AN AH B, 72, VSRAD TIF, TSR & 2 B0 T
VI NA 3 —RIZBAE DR EHEP HIE SN, NEBEISEHEOATH L. —H,
BAAD O B.L IS — B R AFI 7 F 7 AR AVTBY, SHREED 20 185
80 X T TOWRIAVEERICHIE L TWA. 070, BAAD I, FHki# ORBAGEIC
RS, kA RAEROBOZEMZ L) REE MR L LTIV S 2 LARET
Hop o

AWF7ETid, BAAD @ AD ilkIERE %2, MMSE O HE A 558 L 72 NC &
MCI, mild AD, AD, mild AD/AD O&#EIZD &, ADS & OAHE % iR B C R
L7:. ZOHHE, NC & MCI &%, ADS CO##BMIEAT D ThH o 7255, NC &
mild AD, AD, mild AD/AD &%, ADS Hiff 044 ~ 061 T, WIhdHEFEZED
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T ERE TAkA S 7z, fEE MR RIS X % AD GFifiig, Ak OB i R A
LT, @ik, BB, ERMAE <, AD OETHREE K TAREANA 4~
—h—rLTEHShTw2 " AD %#¥#+ % BAAD OEfglE, Zh T AD
W AEE L 724tk ADNI % Japanese ADNI 72 E DR T — % X— A & FWwCTEE
flignTE7 AWZETIE, JE AD 2 &L HERMZ H DRG] T BAAD OHRERE
iz %ML, ADSIZX Y, NC & mild AD, AD, mild AD/AD & 5#%3 X 7.
PRHBEREREED X 7)) — = V ZIZB W, Mk MR M#EH{E2 5 AD 2 #iwm9 %
T, BAADIZX % ADS IZAHZZMXZICZL2bDEER LN

V. AEDRFALRE

RIFFETIE, FRABEREREED A 7 ) —= v 712, MR OEZENMAEL LTRDI
MENTWAD MMSE # %ML, #5555, NC, MCI, mild AD, AD ® 4 B¢
L, BAAD T Hh7- ADS & MBI Z#ME L7z, Zo#iR, NC & mild
AD, AD BX U mild AD/AD & %3 % H% L % % ADS Bif# 044 ~ 061 251%
S5h7z. L2L, MMSE #5524 543 L7z NC, MCI, mild AD, AD ® 4 B2
DWT, DSM, CDR % & TOFMAH SN E N TV, BARRER & O 5%
L OBREIC L2 ET, SORREPLETHL. T, AD BWiHE Sh:
ADNI 57— % X—Z2 %l L7z BAAD Ti&, 3k AD BAESBIShTWB720,
BAAD |2 & % ZBAbERERE ED X 7)) —= v 7 Tld, JEAD s ZE L%z tE) AD
VUNDOBHAESEENTVWE I LICEBTHALENDH L. SHROBEL LT, B
PRAE R F DR 2L IS IR LT, ADS OMEWTH) 22 2% % RIHWISEBH$5 2 &
B B L Bbhz,

VI. 1] \dn: -EE

P B s T T IV 2 B8 L7 VBM XY 7 b7 =7 Tdh 5 BAAD % Kb
W U7z, SRR ED A7) — = ZI2BWT, s MR MR HE {55 5 AD %
Heimd 5 ET, BAADICX 5 ADS 3ZWMiXBICHHTH - 7.

BB AWML OEEOHRIE, 429 MIAAN Ny ZEaiiis (20204E 8 H 15 H, &ilE), 4579
|l H AR R 2 S sy (2020 4F 10 H 17 H, Rl TR L.
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