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A study on the prediction of aged related cerebral small vessel
disease based on the analysis of Trail Making Test behavior

Moyuan Wu
Affiliated High School of Renmin University of China

Abstract
In recent years, with the continuous improvement of global aging level, aging related
health problems have attracted more and more attention from the public. Among.thém,
the cerebral small vessel disease is insidious, usually diagnosed after the occurrence of
relatively serious kinetic and cognitive impairment; At the same time, the 'diagnosis of
cerebral small vessel diseases and traditional nervous system diseases, requires
professional doctors and medical equipment, and the diagnosis process is relatively
complex, so scientific, objective, simple and feasible tools ‘are*urgently needed. To
address above problems, based on the classical Trail Making Test (TMT), this study
proposed a predictive model to link the brain structarejand brain function, with the
interactive sensing technology and machine, leatning algorithms. This model revealed the
relationship between function of brain structure and characteristics, such as hand pressure
in the process of fine moving and the ttajectory, and achieved high accuracy of
distinguishing the patient from the,normal. This study provides the possibility for the
early screening and detection, of cerebral small vessel disease, so as to improve the

patients' quality of lifedn{prognosis.

Keywords: Human eomputer interaction, Machine learning, cerebral small vessel disease
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FENEHRAEEZ IR AENADERNHE, REMXERAEREE I, £
B A E20195 19 A 0 Giit R 658 F B £ 5 A 29k B A b09%, #1E20174F & B F#
> 604 B9 A 24,0907 A, &8 AFELT. 3%, FIT20304Z I A B25% . & T 48 &
. BhERTOREFEFAFERFAN, AR REFHEOE, 28F. XEMD
S RNENRE, M/REZEERE (Alzheimer disease, AD) . /Mm% /% ((Cerebral
Small Vessel Disease, CSVD)) FHrE8Um A& &% F A KW+ AREZ—,

fi /IS o (CSVD) B FR A /Mol Bk . sl fi. B MmE . BUaficf /N flos & S 200 R
WL 8 R e, 25%EN B R P SR R 2 AR TO%EY R S o R R CSVD. RO E e
MEAREMERIEFEMK, 60~T705 AFF8INFAELN T EHRKE, 630 £ E A B
BRAAZ . CSVDEZF ABINA o 0 iR A + oy £ BRE . BV &Rk Z 557
M lEREI, ¥RAREZMAFAE I RTEN NG TE (MEEER) . W
. FAESR, ZEEEHRARRFEHAGIREEME LW AR, MR/ EEEDNT
2000 K, AR BBRFREWBHARFELEELENELRE, FHLCSVDEFH L +4H
Mo BEE AR AR GHA ORD REE R, RANE KT &N &L R EE
. mERABEAE. MEDFAFELN, ERFEFERHMEAMERMERZRE
AT ERM LB RESROBLEHMEET R —ZBE LIRS T /D 57w
FHREAR AR DY . B2, Bi/lem €Yel 2RI E M2 )i SR F BZ KK IE R
B, $hZE e ANBEEMRAFETIMBEELT T A,

TENBEAREETHRRS A ZHEN, EEETRALRN. =HE. ABRESFK
AMEETEAXREFEG, REARETATRRE, AEXANKEEAEFE 4G
A GRS, FAREERY I RAGIT AR R E 2. Bt ENERER
/NI SR (CSUD) 4RI B B £ EE e it R AT EALE RE AT, R BB A
ABEE BE) §f & ol B BT H s R LR T

AXHAETERNREX EHBAM /DM E RN, HFEZ —BBEAKEED,
BENFREFIEREGHALNAANEL., A4, RERELEAFLEHMELR, KE
#3], WEEERMENLE (Deep Convolutional Neural Network) , FEFH FTAEELH
ANEA (AR HEHNFI TS, HnEGTEWRL. 28%, REAERATAX
HEIE. A, AXEEANEXEHEFRATESHRIX TR EAT AN ATRITHE,
i 3% H O A AL S X A I S A TN R, SR AR AR
EARANTNER ., KAARNEENAFERELT:
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(3) BAAEBF I HEMEL GRS, 7R T & LN XA F 6 ELRmE
REME, EIVRAIFDFIE.

2. ETERELATH AN ECSVDTM

RAREEXETHF A Ak 12 Z EVaconB AR HAT H L NIA R B IE, EaDR HliE
LINBARRAT ARAE, KRG F T 7 Em ) G 2R, TN F A RA & 7 897 jE
o

2.1 EXETHREBEENXESHE
2.1.1 F& WX (Trail Making Test, TMT) AF=B

F LMK (TMT) A& KB Fo A0 2 3 B A g AT ZREAT e IR AR I 77 % o TMTHE 4 — R 2
SR FMR, A WAL E R AT R 5 A R0 IR A % R SE IR o RE IE AR BN
., FRHELMAARENA, EXELTWETNEETZRFRTERIFE . KR
K fik 45 2 AE WacomBK AL AR 58 Ak 2 4 U, 2o B LA 7R o

E1: iR 1 A Ak 4 A Vacom$ AR 52 AR 3 L3R

BFEMR (IMT) EE o KA, 4 AR A TMI-AFITMT-B, TMT-AE B @ 5251k
Mo A E B B, [ Rf 125K FAvE. SIREFERAEMIERT “17 WEEF
eEL, WEBFIT, B, 2. 3. 4. SWIFH 1268 F 8. EETIHBE, ZRF
WHiter, BRI RAMESL, 4R, AELIET, SREBRERTERE, R
HEFHEWEE, ZRXFEWREmAEE, IMT-BRENRWE ¥4, H5TMT-AW
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AT MREBNREHATIRE, RAZRREZHEMRIE G BSVDET 2 % H B2 6 &
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RF R ME .
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ARREBERZREAMEEEZLNAFLBENRFERRN, BIRE ) XBRKAE
BMNAWFERRER GMEM DR R RIT. WEBHR, 7ENERRET UARL
A FAERE, Ute o if ik 8 BXCRAE, RIS ¥ I HEMEL) KEF,



Uk 595 2 4 i)ﬂgﬁf ?(zsif P R Ak f? iﬁi@

BRI = B R, KAL) i ) > . :
4E e _ # o AL h B o

2 H4E 5SVD 44K 69 _

: 0 B

WA
E3: ARXMER
2.2.1 BERK

ATRBELHAERE, RN ENELBENAKEFTEEAREE. KE, £
FAaitffz 5B FENZTLE B PRBUFME., £3% 2t L FE & 55 B A1 %
KR HATITRA M.

D fTARE

AT AISHF RISV DL S 3 R e B P e 4 P B AT A Fu sk RN AR, SER 24 BA
FROAG e 6 ir. AXHRATHEECHEMLEX, LEY, BoREE, E (LFd
FEAn LA FEE e ENABS) , BN, FAA, BEMRE.

“BomBEE” : IMOEX AMNEHMERMENNCHES (LED .

o= —

ST 1T
B4: Fefae ZRREMLE, ReNLRFERHEL, BReNLTRBEANL, EEXTEIEANES.,
“HE” . ATHEBYRE Ex (a) ) FEANEAHNEE, RMNEEEA “THHY
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i
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o, NRTEFHKE, SiRTETFIINME.

EIFLATE, KAT ZARME: EHF M), ZHERE (EMF) MEEELR
(ER) , VIESFH k& E fufd R AR TR RAGE &4 A 7 w8 XAl

KT BT AR T REE Lt AR (FFDD Hik, 287 TEIAEER. B
BWRBEME AFs, R AF AN, NFFTH 4R AN E S 44 .

BENEHH T M. BAME, FINMEHSMECHT N X R N:
f=(—-1)xFs/N (‘4)

RIE ] UL N AR T HEAR B IRIE:

2 [a+p?
Af_2|zf|_ i (5)

N N

B, of RTREEA A THES, affabf 289 LH A EHNBlzf = af + bfi.
RJE, BAT LR TR 18 8T 77 R KR IR L sy

B = A2 (6)

RJE, T LUKEME R X4 BT A A P b B B L, MEKZEMFRY RS R E . &
J&, ERHEE X AMEF B 86 8 I LUAT A ol B BE 2 .
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MR A H R & W R ETFEATERE—FE. MEEAREHFENEZELTEINWERHK; B
A FENT R R EA T N R K. HEAXSERHTT —ZEE LT &, £5%
A E\Bl B R A B, AR T E AR .

(2) BREARE: AT R F AL RAKE —TURFE. AERHELN AT, &R
FENALBRFHAHIR, EFFERHREZAEH#ATEL, FRE TR, WHER
REHATRBALE, SAWAAGERT, HRECHRELMNRFHPHERAR T ELER
Frif AL RSN BT 8], SEJR IR RV AR A A B 1Al . 8T, EABA T, #HRABEK
BT R E A - RERE T .
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D) RBEERE: REEFTFTEAETHKERS. RAKERSE. THES
REURRAEE RS .

(5) EAKRAE: ZRFHESH. REAEN. D AHBREEMEZETENEIES
CV. R FHEH.

(6) M FERRBAE: B EAME,

(1) AERRME: GFEFACY, 2 EMAACVHE., EEEACVURLL %A,

MR BCH B FTR FAE, RATHAT TURR, FEEAESITE EFEXHWRE, BFREN
F0. 05 E. BNETRLEEZHNHMEHATO LB INE, FHEREFIT Rt TR
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2.2.2 b KB HE

A S AT B A R LA S A —— X E A KRR . R A LR R AL
M—— TR, & Jo 7 R B AL 2R AR Bk 0 S R ST o T T AT A SO H B I R AL 2
FIHEHTEAENNA,
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UH23AHEAE, S Rf B R E AT U B NCRRTR R T 4 IRA S BHE R B & 2R U
RRER) o REXIR TS RN, FBOEARERTTURR (0=0.56) B
hEEGERENTRE FRARDYCHEZ RS R. FE, HEHTREFH AR
FHEW, FRAFERRENTHERRATTHHE, 2454 60%54. 362

K2 ERIRAGBREM L HMAENUR B LR

kS et [8] < & B 1R B EH i &
# i® £
TNT-A 0.562¢1 0.029+] 0.373 ‘ 0.028 ‘ 0.000+] 0.014<| 0.874<] 0.874] 0.128<| 0.823<| 0.008<] 0. 086« [ 0.483+] 0.183<] 0.000-] 0.000{ 0.000-| 0.000« [ 0.020-] 0.024<] 0.000-| 0.001+| 0.807<] 0.017
P P P o P S e P S S (P &
AT G Rl g g R SR s
& 3 D « *a‘& L AP% DR AR A, QR N
3
# HE - % A R A Eﬁi R
# ge o
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M ERFE GRS HAT IR, EE M REET, HRIFHEN (S /N
TR B KRR B E 0. 40~0. 622 8] ; K-3T 48 5k v 7% = By X 8] 50. 57~0. 70;
S SR H ke R XA £20. 62~0. 95185 [ AL AR AR S ik v A < X 18] D #£0. 82~1. 00,
ENHNEFTE LT, BARAEES TR LE REEH W HE N ERRS, K
BN, B BRS04 B AE A & 7 A DT 4 R

BRI B RBERATHE, EERE ., B % RFEDF AT/ L E %7 H
A%, mTHELINRXEEM-ARINI-BRH S, §ME0HEFLRFE, it mTg
RER, £, GEIN-AT SRS E. B, thE = REER e 15200, 95, ¥
B IR 0. 91; T TMT-BE 2019 f EAFAE Y vEFA R A 2] T 1. 00, 2 RETE KT B &
W R CERE.

BE 5K TMT-AFT B RAE 696, 5207 0. 88ME# R 12 X TMT-B AP % AE 44T & JF BT,
EWEILET0.85. &L, HINT-AGTIMT-BATH A AE & 7F, HETO. 850y R R, X ¥ aE
AHTREERAORE WIMT-AWA Z R EfRZBNLE RO EREE, MH
R AAAE (A TMT-ARY S5 IR K AFAE, JEHE 40.82) @MW FEHEL D, R 4FH
ERAW. ZERARER, ETERIAT A 0 MPITNE GE 15 /E T 15 B 3 48 K 09 i/ o &
g (FEILERS) .

®3.ELGMADHRAE, IQE. RREMEHE

AFAE GRS TEE HRE B E F1 Score
Precision Sensitivity Specificity Accuracy

TMT-A & & 1.00/0. 91 0.89/1.00 0.91 0.95 0.94/0.95
TMT-A #41% % 0. 93/0%77 0. 68/0. 95 0.77 0. 82 0.79/0. 85
TMT-A B [8] 25 1.00/0. 91 0.89/1.00 0.91 0.95 0.94/0.95
TMT-A JE 772 1.00/0. 84 0.79/1.00 0.84 0.90 0.88/0.91
TMT-A @izl 1.00/0. 91 0.89/1.00 0.91 0.95 0.94/0.95
TMTSA % 2 1.00/0. 81 0.74/1.00 0.81 0. 88 0.85/0. 89
TMT-B) 3% & 2k 1.00/0.78 0.68/1.00 0.78 0.85 0.81/0.88
T™T-B £/ 2% 1.00/0.78 0.68/1.00 0.78 0.85 0.81/0.88
T™™MT-B # E % 1.00/1.00 1.00/1. 00 1. 00 1. 00 1.00/1. 00
TMT-A B8 ¢ 1.00/0. 81 0.74/1.00 0.81 0. 88 0.85/0.89
fE
TMT-B B % 4 1.00/0. 78 0.68/1.00 0.78 0. 85 0.81/0.88
fE
TMT-A, TMT-B 1.00/0. 78 0.68/1.00 0.78 0. 85 0.81/0.88
BT R 4E
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WilE RN E. FLMANERFAAZIANFREHFRENDH, £+, HAME
BMBER 2 EXHANHY X RE ERERIANELOFUTHHFAF. EAFRF,
FARF BH T AN TELNRLE RBF

5. K&

BRETEXRENELN XTI ETNFERR, AT ETEXIA W% H
BB /N E R £, BENRMS LB TIMI-ALTMT-BF BT A 2 RUFAE 2 4k 5 4
& 7% R TR/ o o B 4 R A1 BB R R 2T T0. 82, FT LUF TAlz R F £ A BB
/N L R B B e AR A
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