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[Abstract] Objective - To evaluate the reliability and validity of a computerized cognitive assessment system designed for screening mild cognitive
impairment (MCI), and compare the screening accuracy among constructed different machine learning classification models. Methods + A group of
random stratified samples of over 55 years old residents in the communities, nursing homes and memory-clinics from Shanghai and Henan were selected
to assess their cognitive status using Montreal Cognitive Assessment (MoCA) by well-trained investigators. The reliability and validity were assessed by
intrinsic consistency analysis and factor analysis, respectively. Taking the results of MoCA as standards, four machine learning classification algorithms,
i.e., naive Bayesian classification model, random forest classifier, Logistic regression classifier, and K-nearest neighbor classifier, were compared in
accuracy and area under curve (AUC). Results - A total of 359 participants were included, the median age of whom was 63 years old. And 82.80% of
them were secondary school graduates or below. According to the results of MoCA, 147 of them might be MCI. The Cronbach’s & and KMO of this
system were 0.84 and 0.78, respectively; Bartlett's sphericity test was significant (P<0.05); thirteen common factors could explain 75.10% of the system.
The best classification model was naive Bayesian classification model, and its accuracy and AUC were 88.05% and 0.941, respectively. Conclusion * The
new designed computerized cognitive assessment system has been proved to be reliable and valid. The naive Bayesian classification model has good
classification accuracy.

[Key words] mild cognitive impairment (MCI); computerized cognitive assessment system; machine learning; naive Bayesian classification model;

Montreal Cognitive Assessment (MoCA); screening
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F 1 2 95 SRR 0 32 2 240 5, AR R E 4R AT
LR A e R B RTR SIS wAE , FFRR IR
FERE, 5 BMPBIRIAEE, Wi SBRSHEE", %
FEINFN TN HERE RS (mild cognitive impairment, MCI) &4y
TR 5 E RN AR S 2 A — Rl DR AT BE 7. MCI
BB e NBE, AR, MCLE®R
DA% A 6.53% 3 B K Jie A B R 2% it BR 55 (Alzheimer's
disease, AD), ifiiE# AHIIAERE LRI 1.24%" 5 Kk
MCI [ RIS A BB L, e ™ %W, aRseirh
B R A NG, T T A ER 6 0 ~ 18 ik
BRI, HABRAFHI A

N H R MCL 22 & PEVR G =R A 2 Fh, 40 91k
8 5 ks ok S48 4 | 2% (Mini-Mental State Examination,
MMSE) F15¢ F Fl /R I G P 1 & 2% (Montreal Cognitive
Assessment, MoCA), MMSE #H Ltk MoCA & & i 5 H,
{HAFAE “RAEMB R (ceiling effect), T MCI i #r it
M REBERAL ", 25 HBLEL . MoCA J& i Nasreddine
i R L R MCLG A R . E N IR B oR
MoCA H. AT R4 R A%, HHE 5 B REAE s 53X Wl g
& AR R R B SO 2 e, 33026 4y B Il S 1A
TR Ui i T B, R DA R 3R BT O U A A
B, B IEREER, EHEATRVE B A I TR AR
BHIN . WA, AR, LR B TR
%% (computerized neuropsychological assessment devices,
CNADs) & i b b7 1 T AR A SN i & vpr, Bt di
{5 L TR A 28 505 ROk B AR N BEAT INEn T RE VR Al Y i
&Y, SHEGIATRFHMILL, CNADs %4 [ iR,
HAZG., mk. SdEbrf e s v, mrgikit g —
R MCI 5 fe NI A0 A R G0, 2o b A
AIEERY MCI & fe NRE, e T LA RIS, FHHILAA 3%
T RTFE, XPSeBl R RBL., Rz, FYair iy 2l
bR, SEGINTEIIIERE, Aedr g N A 6 I o
AR EEE L,
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1.1 BEFER S

AWFTEFEAKIR M AL X BT J TR 112,
LA LI 359 . MRHESRIEH MoCA BRI R IR
PR SRUE X G0y A 2 4L, b EHEA 212 4 (IEWA),
A%E MCIL 4% 147 £ (MCL4),

A brifE: OFRE = 55%,
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KU, @EAANT, IR R B TR, @
Wi AR 1 AR e ik X s B e, Toik e a1
@ EANSENERER S, BRI,

1.2 Jjik

1.2 dhkES 3 WFSCRASr BRELREER 5, 4 BI(E
T R A AT A TR, RIECASR T N A3, i
FARVAHT N HER 2 s ZIBE] Lilg i N H 2 490 1 4R
FNEEY 12, kR Bl E A 1:2, JAAR IR ) 2017 4R
10 A% 2018 4¢ 12 H, AP Z L ilE 28l K4 o 3
DA FREACBEZR R 2 o At ofe

122 WETH AKkiFERH MoCA Jtithk & B ik
T BRI PR fE 25 (B 2R AR i85 TG
v1.01.01, ZFEVERUEIC S 24 2018SR003402), K AL AEE
iR N Zni% it & 48 (cognitive design system, CDS)
JRE, P 0 AN G B RERR A O A R (4
MMSE, MoCA, K&)IIFiRER, FRENE HERE)
T i, £ H 2 k4 #ri (analytic hierarchy process,
AHP) Zafill[n] %, 6 AME.OH S FONMAUS I & K
Fe 1 23R Gl G L5t 7 IR KGR, A
e HAE , Jhdd /N R TS g, TR E O
F) 5 05 E RN, B TE RN K, 3 R4, it
38 i, & HHE FH A& PEBCE 23] (conceptual play
space) PEIE, ML —R ISR, [
By (flow), MU Z AL B K 5 45 L 1)
e R LA BPLT, WL — R B sl o o /2 M
HAERII R] PN A U RTRE AR A SO, AR
FPHE RS LATHLN HEY (APP) JEXEH, AL AR
giF-&, AI{E Android ZGEH1 10S R GEHTFHL B F-H L v
Fisfr.

1.2.3 srAniE ABFIURME L5 #E MoCA &R 15
BTS2, ARG R R AR STk AT, 23 0
MoCA &ERIImFHE, ARERIIA T RERI G RIE L, HE
Kk MoCA 73 <16 734 s #7SR9aE 14> 16 H.< 23 47,
W kAl BER) MCL B2, 4 A MCLAL; 255206 3 105 5
>23 4y, WIINFNIER, SAIEF 4.

1.2.4 PR REIRTPE 57 ARBFREHIE TIAA TR
A2 DR A, HZVAA G5 > R TR, il
A AT AR [R]RIUA B % A A T L PR AR AN — 0 () ik
T THEAPTHE, Fe—hrEFIAN, ALK, ZEP
BB L1112, RAMLESGH, AR 55Kk
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HR iR, M E T . N KR
B, SRIEEEE BN S 2SI, 2 ST
e T AE R — RN BRI 58 B MoCA JEsthife, A
TAENENPEE RS 1 r fEHeR IR G . 8l — KRN %E
SR T2 RIAA S A — i, IR ST
Bon Bl B TR A, R SR S B R A I R R AT
AN IE, MoCA R FI5 R AR, 2 #%157
R LGRS —, SR IA — S T2 THE
E— R

1.3 GEilEorbr

HEARHAE T EpiData 3.1 {5t —r A, HLFfLiksm
PRl ARG F Sh1CA/E MySQL $cdln v, JHli ] SPSS
22.0 Gtk kATt e o 7, ] RapidMiner 9.0
AL S 2 2, SR Ml 500 A E R PORHH M
(01, 0,) Fon, EWFEHENERE o te&on, 4
Feefd AR SRR 00 A%, 1P i TL N Jn iR il 2 58
(15 BE R A — BCPEAN T 15 B R BT . Ik 071800

41 359 Z R AR N O 2 B0k
Tab 1 Baseline demographic data of 359 objects
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HRYE R & 72 G S BEML o2, R R B E XA, B (R
I ARIE BNy Guttman 7245 B R AL, 8O NIR R 20
R BT P S A0 .l 4y BRI S2 I AR
{ERhZ% (receiver operating characteristic curve, ROC ff£%)
A2k F A (area under curve, AUC) LLAA[RINLES %2
AR Rk . P<0.05 BHAHZE S BG83,

2 BER

2.1 HEARNIEAG R

AWFI I ARG 426 Z SR, IR A AR AR HERR
Profe BB SEIE 13 £, BIBRARRETE K 20 MoCA ST
LN PG R GEHI KT 28 £, 5k MoCA & 3R 1357
<16 5y % 26 4, FZM BT 359 & S5 H WA B8,
BGREA 84.27%, Horp ek bbb T M. MCTZAIIE
WA, FRE WME NDBlER TSI FE L (8
P>0.05), {H MCT 2 k% R BAok 2% Ji i Le 61X 4 8.2%,
WA T IE 41 23.6% (P=0.000) (% 1),

k=723 Bk (N=359) MCI 4 (N=147) IEHH (N=212) P4
45 /n (%) 0.359
il 116 (32.3) 43 (29.3) 73 (34.4)
4 243 (67.7) 104 (70.7) 139 (65.6)
Eh /5 63 (57, 69) 64 (57, 71) 62 (57, 66) 0.065
HEKFE /n (%) 0.000
INER LT 67 (18.7) 46 (31.3) 21 (9.9)
rhg 230 (64.1) 89 (60.5) 141 (66.5)
KEKLLE 62 (17.3) 12 (8.2) 50 (23.6)
WE L) /n (%) 0.093
Wl 129 (35.9) 45 (30.6) 84 (39.6)
At 230 (64.1) 102 (69.4) 128 (60.4)
MoCA &5 / 4 24.0 (21.0, 27.0) 21.0 (18.0, 22.0) 27.0 (25.0, 28.0) 0.000

2.2 W ARINEAL FRBER 15 B

IR HAR 38 AR R AT TS B R TR AT A
FERIAEE I AT, BIBRER 50 2 e BAE FE AN RE T P Il st
T, fc 38 AU R B 17 SRS 5y, R 20 SR
BB IR) R, 3X 17 A 16 IR R R TR A S #T
125 ST DD RERY BRI R RSN . 5 4 FBLRR) R 3L
PRI A BT, X AR 1 5 T D RERREI, 1
W% S TR D WA 2 8175 SR ORI, 31X 21 8
(17 380 +4 380 (X% = s Bekial )] e et 5 28 & B h
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BATIARR ) G B, TSN S P et 21 iR
FFs H RN 7E—F kY Cronbach’s o {24 0.84, Guttman
P05 B R EOh 0.70, SIS HRUE I - Ird R BoR,
P - 5 [A] fR AE DG MR KMO (B2 078, Bartlett's BRI
% PE/INVT 0.001, UEBHEAE T UABE T 28 (R FH2H s AR ER
T BARREA, BRI ZETEREA 75.10%, 1RIAIZ
150 2 T )5 A U 25 K U L AT RS BT 22 BOs I 1 5k
B R P o R e [ st A 00 2 P A SR RE 0, AGI PN 254
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2.3 ANV BRGEVF o AL 2 e be

THREOR B 17 80k 20 JRUSC RN Rl R 23 (, -4 et
TiURT Ja 43 2 3 VA 2 2 N s A, RELIGURE 7 ) R R )
1355 5 IO IR [R5, B2 IR ] 453 23 6 1 4810 45
TRALEE, BRIV RIIG S 2 R TR) 455 Ay 2080 5 7 I T £ ] 4

2 2 HABFAINITAL REEVTF5r LR

FETHLES A > R0 BE N S Dy eI 5 07 25 72 | 911

(1 R I iE] ) o % MCT 4L AIIE 5 200 B TR IR i &
GLES B A NN GUSBIT f o M TR 22 S o b7, 2253
FiitaE R (3 P<0.05), MCIA ¥ RIEZE, HhEn
Ji, SERBIL, ERASHREDES TREME (%2),

Tab 2 Comparison of computerized cognitive assessment system scores between two groups

I MCI 41
EH 6.47 (4.53, 8.01)
icieh 2.32 (2.06, 2.57)
EREL 231 (1.65, 3.22)
B SHED 0.98 (0.35, 1.75)
IEERe . PATIhREFIA il fiE 4.38 (3.84, 4.78)
By 16.13 (13.03, 19.04)

2.4 ARFIBLES S 21y Fod R e i

AMFFEIERE T 4 P IHLES 2 2 40 288, AL EE AP
VUM, BEYLARAR . Logistic [8]J9F0 K- 45iC (K-nearest
FEALE BRI Bk, T AR A
$e 721 (I ER B4 S IINZR, MR, BRIE 3 N, HhiK 4
Tl o 2B R 23 FHERER Je AUC Koy, kit 553 B [
BT ORI R4
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3.4 SIABLER S N RE AL VPR R B

DX 5311 1% 8 0 DA 82 2 SR FH T 2 4 ML R S i 16
PLES 7 VB RN BISE MR, TR & %5 B HEA
ARG, TR B & H BRI, IR
RS RAEAREARN oy SHE R . BB REA 10 4 7
o, HLES S VR AT AT I A 2, AN 2 AN IR] 2
FEARFE, DA PEAG DR AR T A 23 FE AL

AWFFEHESE T 4 B WAL SR ST AP DUH-H
oy B g T AR Y, REAS W [a] 2 5 Hi A By AR
ULEE s AHELAZ PR, A BT P RE S WY 28 &5
SSEEEE, HEEN T/ R S8 7 A B R s
B, BERLARAR Y FARAL RIS PR, ERENSALIE 5
HHHE, PHETRE R ZE, (E TR P R 40 2 () ] e
Zid 44 . Logistic |l A RITESy M TH BAEHR /N, H
Tk ARAF MR PR B 2 AR IEAR B, 4 5 ]l & . K-NN
Sy RN TR M 28, W S R EA U, (HIHRE
RK, BZAEARAIGM ISR, AT I B
B HEAIML & 27 ST AR 35 DUHHTRE R, A3 R AR
TR tESERY Logistic [a] AT

3.5 WFSEAS IR AR IS )5 1)

—a BARAHFFE R T IR B3 FHAY MoCA &R 1EH
srefpnife, AT EZ AR F RS A A A CTORE, X
SO F OEE FL T FTRERE B —SER2m . & BRI
i R Gen] B ) T 5 G W St ] s st ] e 1 752X
PP R, HAHIFZE AT AR 25 DUV 5 2B (LA
TREESE R RIFEAR N O3 70R = 2R &, HyE
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FACINENDE Al R GEAE il 2 N s F P w it — 2
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HRMF A LR fE HI R IZWT R A Shnite, SIARZHR
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