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[E Correlation analysis results for age, total CogEvo score, and total MMSE score
MMSE : Mini-mental state examination, r : Pearson’s product moment correlation coefficient, p : Spearman’s rank correlation
coefficient.
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Background: The first step in treating cognitive
dysfunction lies in the identification of mild
cognitive impairment. For the evaluation of mild
cognitive decline, we conducted a computerized
cognitive function evaluation tool, CogEvo, and
a face-to-face question-type neuropsychological
test, the Mini-mental state examination (MMSE).
The relationship between the two tests by age,
age group and severity of cognitive dysfunction
was examined.

Methods: 123 subjects (age 80.4+7.6 years,
male/ female: 46/ 77). Four age groups were
divided by age (57-69 years, 70-79 years, 80-89
years, 90-97 years). Based on the total MMSE
score (30 points), cognitive function was
classified into 3 groups: normal cognition (NC,
30-27 points), mild cognitive impairment (MCI,
26-24 points), and Alzheimer type dementia
(AD, 23 points or less). The correlation between
CogEvo and MMSE was compared between the
age, 4 age groups and the 3 MMSE groups. To
validate the CogEvo as screening test, the
discrimination accuracy of the 3 MMSE groups
was examined by ROC analyses.

Results: The total CogEvo score and the total
MMSE score decreased significantly with aging.
A significant positive association (p=0.47,
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p<0.05) was found between the total CogEvo
score and the total MMSE score, but a ceiling
effect has been confirmed in MMSE for mild
cognitive decline. In the comparison of 4 age
groups, a significant difference (F3, 119=6.02,
p<0.05) was found with the total CogEvo score,
but not with the total MMSE score. Results of
ROC analyses showed that the MCI group (AUC:
0.72, sensitivity: 73%, specificity: 68%) and the
AD group (AUC: 0.79, sensitivity: 73%,
specificity: 71%) were discriminated from the
NC group with moderate accuracy.

Conclusions: Age-related decline in cognitive
function was more sensitively assessed with
CogEvo than with the MMSE. CogEvo, in which
cognitive function is assessed on a computer,
was useful in early identification of mild
cognitive dysfunction.

Key Words : Alzheimer type disease, Cognitive
function, Cognitive function evaluation,
Mini-mental state examination.
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. ZU&IC

S ik X O AYE TIE, 2025 FIIERRAE XA 700 TN, EiE D 5 A2 1
ADHHET B LRI ST Y AR EOSBE - BEOEEE, EEOT
WA < —RERHNE (Alzheimer type dementia: AD) 225, BEZRHIEE (mild
cognitive impairment : MCI) & % W IZR2HAIIEH (normal cognition : NC) % &k}l
THIEWEHD DY BAEOKLEZ DD AD I, Vo 7z AR S N AIIEERE
AR YIRS SN L ETHEOEWRE T, HELREAERELZES. IhFE
T, WRAVEDBHRITIE, BAPERER S ORENIH 2 HY & L7 30 S
NT& 7z A, ABARREREE O - BT 2 RARWICHIHT 27 I v FEREE
FiHE A 72 \C BT S, BREE e RSB RERE (0 L CRANSHEHEN AT 5 2 LA
frans .

Slnl, BRI EDO R 7 ) —= v 712, KSETH LB I N3 v Ea—
& —fb S N7 RRABERERF i — v CTd % CogEvo GRAIMERENT ¥ — - a7 1K
(h=nTL A7) Y 2E_LE BREE, 7y F A VROE=S —
W2, B CRR SN S SHE (MR, 22MERD), 170, EE,
A OFRABERE Y R 7 KIHRIFE L, ThehoffRiZary¥a—y—fksh
REPFIRENS. KRB TIE, BEEERSY 7 0B 5 HETa Y ¥ a— & —5F il
E N5 CogEvo & 1€k 01 - M =X o LB A2 1 i #E © & 5 Mini-Mental State
Examination (MMSE) & OB#ME%, i, £, RAMEREEEERZICBWT
Bt L7z, i B o ZRMRRE OIR T &2 FNC#RB 3 % 1T, CogEvo OF
AEICS & § 5.

Il. SZxREFHE

AWFZEIL, REFITIERTZEE LC, BEEEARBRSOMBEH S TRESI N (IRB:
202103 : ZARGEH 20214 11 H 27 H), &BICHMHEFEE ([ v 7+ —2sFart
Vb)) R
1) WR#H

R, UBET 2018 4E 4 H 205 2021 4E 3 H £ To 36 4 H RIS ARk e
DAZ ) ==V TREERAT 5 72 5T 1%h B 97 1D 123 %4 (4E#G 804 + 7.6 7%, e
7907, B/ % :46 /77%) Thol:.

2) MMSE
MMSE (& K5 AR I M — H AR (MMSE-))” 1230 %, &BRZ A5 2K
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MREAEHE MR (TS, SiElEL (HK, YK, Y.S, TK) 12X b5k Ui L 7.
AWFFETlE, MMSE 30 ~ 27 mi% NC #f, 26 ~ 24 pix MCI#:, 23 LT % AD
B 3% (MMSE-3%) (ML TharLz™ 7.

3) CogEvo Bi#x

BeteE X s v F 8V KDE= & —HEIC A, orientation (J247%), follow
the order (:%177J), flash light (7£&JJ), route 99 (FFMiJJ), same shape (Z2

WIREiT) OB 708 5 MAEIC oW T, BB TIRRENZ Y X 7 2 ET

L, SRIZESKERSHRICE Y 2 v a— —THERE S EAFR SR

72 %,

(1) Orientation (B 450 &) @ & v F/8k v LiC, 4O HK, 7208, 14
DRFEDEIL & LT ¥ & 2R S, REH O F Y ERICER 2 BRIk L C,
HAfF, #, KX %Z#IRTLH5 X7 ThH5 (Fig. 1A).

(2) Follow the order (Mkmif5 455 &) @ #, “PR%, 7TV 77Xy &R
NZZEFICNG ¥ 27 ThHA. BlZIE, BFL BT TNz IEF s
¥ A0 w BT LIRS, SERNEEZZAEICMNG Y X7 DBEfTHRDOLN,
NSk, MEMEE FREE by MEl B BERG TV 7 7R
v bO 1 OPOMNEREL YD Z L5870)) FOEERREL T % (Fig. 1B).

(3) Flash light (RERR2100 55): % v F/SR NV TT ¥ & AIRET B8, #, k%,
DT A4 O 2R L 728, F LR T A MOt 2 5e80) % G-l 3
IR THDB. 7xr AT —illBRENOHERREHMRE (Fy 7
AN VRA) B AIREESR T —F v AR R EORENEET S, 1
BHEBT 2220074 26050, &K16 MO MRE THML, E&ER
PHH NS (Fig.10).

(4) Route 99 (i3 450 &) (kA4 Z RESDIEHFEDI A (4 x4 =16 <A,
6 X6=367A, 8x8=64~7A) ICEKRINZEFEZMITMB & [FEELIZ,
ML (R —b) HHE (F—v) ZHESZ LT, Gl G&f7
Hehk) %325 A2 TH 5 (Fig. 1D).

(5) Same shape (EAELE 600 &) @ 7 v F/SRIVHRIZFIREN TV A K & [
CRIEZ, EPIZH S 6 DDRIE O #IRT 5 M 25§ 5 7200 %
A7 THY, BIEOT v T ¥ 7R bR bR HEHRE N 2 ET 5. &
il 34 ORP S 7T ODORIHPWAEL RIS N, SR 2% 5\ ETIRR SN,
Zh#z 4 %73 % (Fig 1E).
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5 subtasks of CogEvo

A:
B:

C:

Orientation (date, week and time), subjects is asked to select the correct date and time from 14 choices.

Follow the order (execution), subjects must touch letters or numbers in alphabetical/ Japanese hiragana or numerical order as
quickly as possible.

Flash light (attention), subjects must touch the button in order on the color of the flashing light with the task increasing in
difficulty until failure.

: Route 99 (planning), subjects must follow all numbers from the start to the goal in turn.
: Same shape (spatial cognition), subjects must select the same figure as on the central figure.

4) et

ZN 6 OB EMEIL Pearson OFEERA B 53Hr B X OF Spearman @ NALZAHBE 7347 2 H
WTHE L7z, 72, CogEvo fratfss & MMSE #4% L, 44850 (57 ~ 69 %,
70 ~ 79 5%, 80 ~ 89 %, 90 ~ 97 %) D 4# L MMSE-3# (NC, MCI, AD) IZ
DWW, —ICRLE G EHT B X OF Kruskal-Wallis #%E, £ #EILEK (Bonferroni ffiiE)
& HCHEBMGE L7z, CogEvo a3 5IC & 5 MMSE-3 #t2 2 TRkl (AD
BEL NCHE, MCIBEE NCH#, ADBEE MCI#) &, ROC AT CRHMI L 72, 72 b,
% BT M 12 13 IBM SPSS Statistics (ver.25), JASP (ver.0.16), EZR (ver.l.11)
W, AT A R p <005 & L7
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m & xR

iEH & CogEvo &atfd s & O MMSE #4535 & OB ST 217 - 72455, Fin
& CogEvo A&H3ri (r = — 036, p < 0.05) B L U4k MMSE #&fF & O/ (p
=-016, p<005) I, AELZADOMM%Z D7 (Fig. 2). CogEvo &ilFM &
MMSE #1535 & OMICIZA B2 IEOBMED D7z (p =047, p<005). L2°L,
MMSE #&f#mo e A 75 AT, CogEvo & B L T, RI#E (MMSE i
@ FRRHIBRIC & 0 A U % il oA 1E) 3RS 7z (Fig. 2).

MMSE # 4 5 & OB % B U 7245 R % Table 1 (278 L 72, 4R 4 B T,
CogEvo & &l £ 5 (F3119 = 6.02, p < 0.05), flashing light (F3,119 = 853, p <
0.05), route 99 (F3,119 = 333, p < 0.05), same shape (F3119 = 3.95, p < 0.05)
THEZBEZZD2. LarL, FAB 4% L orientation (F3119 = 089, ns.),
follow the order (F3,119 = 139, ns) TR ABELZEEIIRBO L o7 F 72
MMSE #4535 (H3 = 579, n.s.) (2B T, ARG A BEE OFBEFRO Lh o 7.

ROC f##T D45 F, CogEvo Aale iz X A AD # & NC #i% AUC 0.79 (XFE 73%,
FEREE 71%), MCIEEE NCHEIZ 072 (JREE73%, HFRE68%) THY, THRED
WETHAI SN, Hy M T7HIEEHIT1018 M THo7z. Tz, AD #E MCLHF
X AUC 059 LR ERBIREEE (KEE 68%, JFHEBES54%) TH D, 7 v M 7fHIZ
830 K TH o7 (Fig. 3).

Correlation analysis results for age, total CogEvo score, and total MMSE score
MMSE : Mini-mental state examination, r : Pearson’s product moment correlation coefficient, p : Spearman’s rank correlation
coefficient.
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Comparison of CogEvo grades and total MMSE scores by age groups and MMSE category

Total A:57-69 B:70-79 C:80-89 D:90-97 Age significant E:MMSE F:MMSE G:MMSE MMSE significant
population years years years years ge sig =27 24-26 =23 &
Number of =4 8 47 54 14 — 60 28 35 —
participants
Mean age 804476 62.8 75.7 84.0 92.1 F 3,119= ?41 8 79.3 81.6 81.2 ns.
(years) +4.0 +29 +28 +23 All pairs +78 +75 +75
Female
77 77 3 27 35 12 n.s. 36 17 24 n.s.
Total score 1021.8 1243.6 1099.5 948.6 916.8 F 3,119=6.0" 1139.5 961.4 868.5 F2,120=15.6"
of CogEvo +264.1 +355.3 £210.7 =+2548 £2808 A>C, A>D, B>C £222.7 +247.3 +253.2 E>G, F>G
Orientation 234.4 237.6 241.7 238.1 193.6 ns 279.4 228.2 162.1 F 2,120=20.4*
+99.4 +113.1 +94.0 +100.2 =*=107.6 - +79.0 +81.9 +101.3 E>F, E>G F>G
Follow the 195.6 224.4 200.3 191.6 1791 ns 215.7 184.1 170.3 F 2,120=9.6*
order +54.6 +43.0 +456 +62.7 +51.8 - +58.8 +454 +39.8 E>G, F>G
Flashing 174.2 306.3 207.3 128.2 165.0 F3,119=8.5" 196.1 151.2 155.1 s
light +119.1 +98.3 +103.0 =*£109.3 =+£1350 A>C, A>D, B>C 1085 +102.3 +143.4 -
Route 99 1711 222.8 169.4 168.7 156.4 F 3,119=3.3" 174.9 174.8 161.6 ns
+51.3 +755 +437 +56.0 +111 A>B, A>C, A>D +50.2 +497 +545 -
Same 246.6 252.6 280.8 222.0 222.7 F 3,119=3.3" 273.4 2231 219.37 F2120=52"
shape +93.1 +109.8 +80.1 +87.5 +1166 A>B, A>C, A>D +89.6 +81.4 +97.1 E>G, F>G
MMSE 250442 26.6 255 252 23.0 ns 28.5 251 19.5 F 2,120=270.8*
score T +3.3 +4.4 +4.1 +44 - +1.2 +0.7 +3.0 E>F, E>G, F>G
* 1 p<0.05.
A B C

Results of ROC analyses based on CogEvo
AUC : Area under the curve, ROC curve analyses differentiating (A) : AD and NC, (B) : MCI and NC, and (C) : AD and MCI,

based on total CogEvo scores.
AD : Alzheimer type dementia, MCI : mild cognitive impairment, NC : normal cognition.
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V. 2 2]

IhF T, MMSE 3MEREEDA 7 ) —= v 7t e LT, RIS
ENTE7. MMSE &, MfOHPAHMAEOEMEINEEMA T, 4% i
B, S HEMBNZL: o4 0EE %3 fi3 5 30 HilSORETH 5.
BT 51k, MMSE] OZ4tk & Bl ZMEEL, NC & MCI Of# A v b & 7 A
28 /271, MCI LHEEE AD 2524 /23 L5 L, AITORZ ) —= v It
LCOH MR SN TS . Lo L, MMSE OISR RAREASH Y,
WP T U 2R ORI E O BIRAME T 5 5 2 L g s Tw 5 7.
F 72, MMSE Tl&, RAVECHRINCE SN LI, HEam, &, FMERdk, %
B 7% SR AL T 5 BITREEOF A T3 CTH 5720, TN o E2ED7-
HIBERERETI N v 7)) — DS E ShTwa 2.

CogEvo 1&, I ¥ ¥ 2—4% —fb 3 N7-GBABEREEHI Y — VT, #E Ly v FX
ANVREZ Y —HEIZF 2, B CIRR S N5 BRI 758 5 i (Y
kRN, R, EHEy, ZRRMIERERTD) (RWIRE L, POSKE R R EMEYED S
IyE2—F—CHEMICHEHB SN TS5, MMSE & 27420,
BV TRIARR (RRHBIR) 3% <, Gl 2 MR OB AR A O H MK % b
HHTLHLEEL Lawicd, wal, Z8E mBMEEREINE XY v F2sH
5. F72, BABKREDAZ ) —= v FOAL LT, FIEETT S I L TR
FL—=vZ - = e LThiEHTES Y,

KIFZETIL, RBABREEEDZ 7 ) —= 2 7L LT, W%¥E 123 412 CogEvo &
MMSE % #Ehi L, 4E#n & CogEvo A alfsm B X O MMSE #4355 & OB % Beat
L7z, F7z, FRB 48 (57 ~695%, 70 ~797%, 80~ 89i%, 90 ~97i%) B
X O"MMSE-3 # (NC, MCI, AD) Z#\J 5 CogEvo, MMSE J# & o B % I
BHET L., ZO#E, CogEvo Ailf#ri L MMSE ##4% mid, FR2sHi3icon
TAHBIZIKT L, CogEvo & MMSE 124E#5 & OBARICB W THREEDH E R IED
AR Sz, UL, 4EH 4L o Tld, CogEvo ARMEEIZoVT
A EEDED SNz, MMSE TIERHARIRIC X 2 554 O O 7204
HANRD SN s o7z, CogEvo IIERIFRNED R L, Ml i ) a0
TRIEBGAIZHED TRl § 2 2 EAREE Z 2 S,

CogEvo & &M%, MMSE #4435 & MMSE-3 # & O B#EMEICIE, wWInbAE
ADRD NIz, CogEvo ¥ 7HH TIE, WO R 45 % 53 % orientation, ¥
B %G % follow the order, ZE[ %%k % 3FMli 3 % same shape ® 3 B4
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BOWTHEBEENRD ONT. $IZ, orientation Tl 3HETHOMAGDLEIZBY
THEENIEZE TH - 72. Follow the order £ same shape Tl&, NC# B X °
MCI# L AD #E 25k S 7z, F 72, same shape IFHHTEZEFERE T 5 221 700
7173, follow the order TIXRITAZERRTE H 5 W ITZEITHERE CTdH 5 {1277 255 A1 v BE
THo7:. CogEvo TIEMMSEIZL B A7) ==V ZIZBWTHRIEL D5 WAHTH
T (FRICHTERE) 28H) AR T2 MECE 2 0L EZ Sh.

CogEvo & &t 212 & 5 MMSE-3 % @ ROC f##r Tld, NCH# & AD BB X O
MCIHEEL X, &£HICH Yy A7 1018 5T, HEFEEDOKEE Tkl S 7z Ichii
Hid, NCHE ADBEEIE A v M4 748 1,018 i (JKIE 85%, HFHE 70%), MCI
BELIA Y MA 7995 B (KEE 78%, JFREEDHL%) THkBl S iz L Tw
%7 INSOREND, CogEvo B, BB 1000 MEHEETHI LT,
MCIB XU AD IZR ST, NC & 0 dEBAEREMET LTV HEMZ@I 752 L
MREE &z Hhiz.

RWFZEDFER, FRABEEEA Y 770 % 5 AL CalMili S 15 CogEvo 13, MMSE X
Db, SERICRAE L7 BB RE R, SRICREORMBEHRET 2, RAEL <,
XD GUBICHENTRETH 5 Z AR I N, BANEDEKKE L LTRDLWVT
VY NA R —IROMRIRIEINZALIE, FIEOH 15~ 20 FERiD ST L Sh?,
FEFITR VI 2 R CRRABR R S0 AL T2 Z EAE SN L. BEORIRE
BRI T 2 FIZ3#%B 3 % £ T, CogEvo 134 M % JBAIBSREREM Y — Vit 2 b 0 &
EZzZ b,

V. ADRFLRE

AWFZeTI1E, BABEEDA ) —= > 7 LT, CogEvo & MMSE % ## L,
RAPEREEAEE # MMSE #4305 548 L 72 NC, MCI, AD ® 3%, CogEvo
HEHEE, YT AEIMESKLEOMIC, AELMENSZD LN LaL,
MMSE-3 #1122 W T, DSM % CDR % & TOFFMAH S M2 ERTwi .
MCI 3 X " AD ZHRZICTUIMEIC L, S 5R2MAPLETHS.

BABEETORA 7)== 7121, 2hF <, MEEHRo MMSE 2 ER/)I
RBHER r — Ve EERENTE 72, S, KBTI, Rk a v Ea
— ¥ —TiHli s N5 ¥ v F /832 VD CogEvo #H L7-. avEa—%—fbEh
PRy — g, M - D O R R ARERER E O B B Bk 12 1E, BIEORE
MR RIREPSHHEAL Y bZEVH L WEIEESNS. L L, MEOFER
MR OHEZMEOEMR 202 53T LOLEL ST, WFELHEFICI LMD A
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DHA T Y ATHWSND 7230, BHEE 10 5HIE L OFFERR % 7 — A &KE T
HLAGDLERTEZAY v 3555 . BERILAOFIRIC L 5EBE D
BRRPEMEOAN R 2 EA, MESICHE D BE ORI T 28 X CFHiTE %
v —)& LT, CogEvo i35 Z L 2SIfFTE 5. F 72, FBAIBREEIRT ORERERY -
B b BE 9 5 1T, CogEvo & RAEFEMT 5 2 & T, RRHIFREEDMEWTIY 2%
B BIICEHMES 2 2 EBIFEEEZ 57,

VI #5 &

FAREREREED R 7 ) —= v 712, a v ¥ a— & —(LRMBEREEHIE Y — VT B
CogEvo % 3t L7z, FRANBEREDSY 74038 5 A TRkl 2 11 5 CogEvo 1&, MMSE
L0 DR L 7RRABERBIR T & X 0 SUBUSERE T 5 Z LA R R o0, HEE
e RABEREIR T OFHIi % 35 L THHTH - 72,
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