Q)]
2020 2023

Proposal of brain medical evidence for the continuation or surrender of driver’s
licenses for the elderly
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We analyzed the relationship between safe driving skills and brain features
(white matter lesion volume and brain atrophy) in elderly drivers at a driving school. White matter
lesion volume in the parietal lobe was significantly correlated with a decline in driving skill
scores when turning right, regardless of age, through a decline in dynamic visual recognition, while
brain atrophy and white matter lesion volume in the occipital lobe caused the similar effect on
driving skill during turning right without involving in dynamic visual recognition.

Using large-scale MRI data from a brain checkup, we investigated the relationship between past
traffic accident history and brain features using a machine learning batterg, and obtained the
precision and recall of prediction performance of traffic accidents due to brain factors. It was
shown that MRI brain testing may be able to identify elderly drivers with poor driving skills or a
high probability of causing traffic accidents in advance.

MRI



1, ARARIEVOER

R FEOFNT, EHETHME 7 BENLE LN 2 THFEEB X HEFEKMMRT 7 — % % H
UNT L BESEMEME R R ZE (LA : leukoaraiosis) NS HE DO MAERA T Th 5 = & 2 WG
L 7= (Park, PLOS ONE 2013, ITS > ARI ™A 2018), LA IZEBMIME N T—A MELTELT
KIMEERE O TH Y | BMME & AT 5 R b BE SR v N U — 27 DRk
EHIZH T LEEZON TS, M e & BICHBUBEEIIINZ 5 2 b, IMOB(LBR L LA
RINTWD, LA FTRERLDOEEZDDH & —@EH P EFEEOHL LICR6ivs  (Park,
Neurology 2007), #FZERFEH HIX. LA FT7A X —IZOWT FRtOFHEE I 5 LTz,

A) VEEFBEEFZII ANV RVEEDWE S ENME 5, (Park, PLOS ONE 2014)

B) EEMRENMET L, RISHRINEL 722 (Fh, ziBFAHE 2015)

C) BffD7WHEEEIR T Ny RAVEMERE N ME N5 GEAE, A, ZZi@LBRS: 2016, 2017)
INHDREEND, AMDIE. ElE KT A R—=RNT 7 AT L —X DS E, HRE R~
DOFREN « WEZIZ L0 BEOFRA « AW I A FIN CTH A E = Rz LT, HIZEERH
JERTAN—Z LBV MELTET TIEARTHSTHY . MNE OB LEARRRTH D
EHEIG L. @il KT A _— ORI O EREEIC, MRURET —% (MNIET) 2EH
TX B HEEMEICE R LT,

2, HROBEMN

EEI ORI Y LT NI RE 5 M %‘ﬁ%@mé |
L B TN B IS OS2 & % B BRI E |
2 (FEWRE) BEmSnhTnd, 202K J T

BEESM/3—D

AT EAZERFETZ L < miliE O AZE y-LAEA S,

RIMOENE (MERE & ETAAR) (o TORBERSOTORIRE
JFE L. ZOMIGENEE RS A S—DfEk 1 FHIFRUTEROBAZERBKREN, ARRIERRH,

! o > .
R B B & o el (3 BIZLA(KED) L BUER(KEE : BMELIBOIEKR) D53,
1) #3T, MRy 72 THRONLDEEREFEHR (FroFERELH AR & O faRiEiR] TH)
JE) ZUUE L, I BB EEE PN COEBEIRIC L 5 2 Ei TR A = 7 2 HV T MRI
TIE B SN D MK 1 & miln s & OBER AR5,
3. HRDOFE
(1) WhEFEEEchLEMRZ 7 V= 7MYy 7By X — %% LI P EFH 5446 A
(JBPE3, 054 A, ZctE2, 392N, 4E20~5T5% ., SEHIAERRS2. Tk, EM T R l515%) & %1412, 2016
FEAANG20194E3 A F CEBERK CoMER I OWAE TR (e vV vy b) 220 T, —75,
HITONDREFEN Ky 7 2% (5156, 3T8 N, ZMEATI2 N, Fln20~8Ti%, FHIE#G2. bk,
B 5 1RR) 2 %8s, TG E N Co—Jrmf T & FH ROV T, MRIWZ X 5 FEYH
BT L— REDREREFE T LT,
(2) EHEEZERIL, BEHEBCETOW 25T, @i OEiEaiF B ool AU
E LR a—2 (X2) TESN, Hiia—X Lo 6 Gosl St
Ty EFEEIMEO - DIBIR S (X2) | 1014 OH S
v N7 A N— (494 Bk, 524k SEEIFEERTT. 88 £ 3,77
) IXEE OBRIZE - 7R AE CRELEIRZ fgfT L7z, A& co
(2R CEOLFEVICE D2ZREOFE#EITE) ) . T2
v— RigE (EEEEORI) | . (G (FRERED X A A
U—Ct et ) . TZEME () yFrToRuvinEs 7L
—%, EILRORTCTORER2RELR) | . [RKYva=v7 (K

(92 Map of the closed-circuit course with six rating points. P1,
chan ight; P2, turning right at an

, turning left at an intersection
curve with poor visibility; P6, turning




DA —T DIRNRZERTOMPBLZRIB - T-HEOERX) | |
7 GEIREE LB TICE DAL= N R 7)) oehT Y
BES) T A AT UCEME L=,

TVEN T NN

(2T TV
(£43

(3) ZAERAT OB B T 5, BIRBLSERM (OVC: Dynamic |
Visual Cognition) B (B3) 2T, (3-2) LI UA&MT T, s, = \  /
DVC, SN & DRIEME A S AN LTz, DVCIFE=#— LA B#IT52 2 oY 8
F I HRBE LB L W 5 Y a U FHORERMMETH D, M &
B 7 L — RO 0 IC AR & Vi, S —

4) PR 722481664 (BBPE4580 4. #

Table 1. Multiple logistic analyses of wrong-way enltry and near one on highways, wrong-wa)
narrow roads with one:

358644 ; HJHEHR53. 19 8. 8245%) & XFHRIZ,

Wrong-way Entry and Near One on

Wrong-way Entry

Wrong-way

Highways | on Roads with One-way | on Roads with Multiple Lanes
= Explanatory Cases! Adjusted OR Cases/ Adjusted OR Cases! Adjusted OR
A\ = =3 il A =N A fariables Participant: (35% CIj Participants (5% CI) Participants (95% CI)
. PRI, THGERRIE, RS (R =~ ~ w
Wn. PERI. SEREERIERE, ANRREE (IMZEAE : : Gender it ,
Male or Famale . . ) )
N £ li-ﬁ R % NS d L £ -L 181} " 238)
FH_: Eg%ﬁ/ \W$§’fﬁ) IEJ 0)7.)5\%% }— N P 121842 168 (0:86-3.28) 18424 v | e 0.1 (028238
N ~ A N s L 1 Malo,Age=4059 | 394148 | 1 [Reforsnce] 311985 1[Reforence] | 231385 1 Refaronce]
5 JFIRN N - Femals, Age=4053 | 473332 | 152(089234)t 21705 115082161 | 21705 138 (0.76-2.46)
2&—'2‘ ] — y &: L/T N 5&]%%& ’{EIJ %ﬁit;]\ f:o Male Age260 | 321808 | 188(103275) 211857 065(039108) | B@5 0.82 (0.36-1.86)
Female, Age 2 60 2103 | 220(130:3 74" 15475 0BA(04714T) | 3475 055 (0.16-1.87)
vo i Leukoaraiosis Classification i
4 . E}I: 71..52% Nene 807047 T[Reference] | 135387 | 1 [Reference] 453567 | A [Relerence] |
Single 181130 134 (0.78.227) 171537 080 (0.54-149) 537 061 (021-171)
[P o o | | I
(1) E'Eﬁ"\\ ‘rﬁz%lj N ]ﬁﬁﬁﬁ g\ j’/j J: U\ El %f; Pﬁ/&jﬂ‘ 7 |P4 M“"m:ﬁ]";a'ug 5612003 148(1.02-2.14) £inaaz 104(0.73-148) 1811342 1,06 (0.57-1.03)
N N . N * Driving Exposure *
— ]\“ 7& EE‘E E)ﬂ /Rj]\ i& ;@'—T iE%: z= % E E/\j /jfrj‘ iﬁ &: L/ f’: g /7;1\ 1 [ ezsm | f[Refeeme] | Goole T[Reference] | za2514 | 1 [Relerence]
N 2 4173027 | 1.07 (0.72-1.59) [ 481280 0 .98 (0.68-1.39) ! 14/1290 | 0.94 (0.49-1.80)
= N ~ — 77 Y A 4&'4\%\ Jord 1 5073321 | 1.26 (0.86-1.81) | 5611642 0 90 (0 65-1.26) | 151077 | 1.186 (0 66-2.05)
BHH AT /f V4 7 ﬁ#*ﬁ ;z?f 1To f: =] % &j NGt l)ﬁ ﬁ:]% Total 15311170 19015428 6575446

Notes a: Frequency of driving (1=Two hours or less per week 2=Five hours or less per week_ 3=Ten hours
week). 1:p<0.1, * p<0.05, **: p<0.01

DOWEDIHIZAEREZ L— F L OB O
& D7= (Tablel) ,

TABLE 2 | Rogression andiysis 105Ut wih diving NStrEtors scons [DIS),

Predictive variables Objective variable = driving instructor's score?

oads with multiple lanes, and wrong-way entry on

ar less per week, 4=Mors than ten hours per

(2) S OKAMIIIE BALBIC, i, f SLrLILL
Al EEREEE, REDRA S L— R MEEOME o © o an ov e we o o we uw oo am oo on
. MEMEE AL L EEIR O E2{T>

7= (Table2) , HERZ Y L— RA2LL ECRIFRC |

TSR REAR0. 217 0L L0 4k 2l -T2 7 L8O 7 h

P, EHEEIMIA 27 DT EAEOMHBEEY R oo ‘
L7ze HIB. MBS TWD I L—T1E, # R

I TRV N—T L LT, ZedEinie 1235

LLTWDZ ENRBINT,
(3) DVCHUfEZ I L7, MMZEMEE & iM3EfR O VBN A R & HAEEFM A 27 Lo
BAR 2 N AT U7z (X14) o BETAZE O BB AR FITEM AR I DR T 287,
—J7 . WAFEREEE & R IRE O B EWA BITEVAR RN O T2 LT, AHiRETo
EHRIEE A 2 7 DI T L A BB EZRO -, BHEEO AEREIL. 7 /VICMZE
JEDBER A FNILIR N E RN LRy o 7= DT, BATASE T H MMM 52 0B 5% LT
WD EHEER L T D, BROBMRIZE T, FOREELZ T eholz, Fio, ZATH
REIXATIREERRRE DR EM R b DO TH L, A IO TIXRTEEEILRE G L 2 h o7z,
FEHTOFAMCIX, FARLERE, EPrRE, —FRHMEHERE SIIRERE T, HITRFO A

5.2, slandsrd eron

BERE

iR

.
__DVCEWE{S:‘F

HHTESCHIE
LEEE)TA-YVR

4 BEREERE,
ﬁ f‘%’L\ < 3?) D f:o DVC, ;é@@z;ﬁnﬁ@%ﬁ

(4) By EE LTI UL T+ VA MERH L, LASSOIEZ HWTT — &t v N ORFEGERIR &
WItHI Z 1T o7, BT WV EEIZERIK IR ZMGEE VT, R L L CA— N —H
TV TE GO AR MMELE LT T — A NT v P VEEZERH Lz, 7 VEHMEICIE., B R -
WA - FHE - FLA 27 - ROC-AUC + 7 v AffGEA FHW e, 287 —2 & LT, Flim, PERI,
AHERERREZ WA OFS FHIXTable3D FBETH 5, FiZ, AN Fi %

N

RS

WV ohEs St

MIRTY



FBF -4 : Filn, 14H, TIOEEIER, OERLEEHE (2. RRESOSH)

Wz aiE, BERARRHA & BT

oL HoEE mRE F1 score ROC-AUC BRE :ﬁg
E/\J l:FI 5‘{( . J@/El\ }4“{& . F 1 A2 77 . ROC—AUC . & R mean | std | mean | std |mean | std |mean| std | mean | std | mean | std | mean| std
30-40 0.741 |0.135| 0.516 | 0.195 | 0.597 | 0.095 | 0.534 | 0.135 | 0.738 | 0.127 | 0.782 | 0.171 | 0.776 | 0.135
= NG 40-50 0.782 | 0.122 | 0.494 | 0.182 | 0.566 | 0.079 | 0.508 | 0.128 | 0.754 | 0.102 | 0.828 | 0.146 | 0.824 | 0.116
7 A *ﬁﬁﬁ@ éf 1 ANE N §i1ﬁ Ix rl'ﬂ FL 50-60 0.772 | 0.142 | 0464 | 0.211 | 0.556 | 0.084 | 0.479 | 0155 | 0.737 | 0.120 | 0.811 | 0.167 | 0.806 | 0.139
60-70 0.768 | 0.150 | 0.442 | 0.215 | 0.552 | 0.075 | 0.461 | 0.164 | 0.729 | 0.123 | 0.805 | 0.173 | 0.803 | 0.147
0.779 ]0.148 | 0.452 | 0.215 | 0.549 | 0.075 | 0.465 | 0.160 | 0.738 | 0.121 | 0.816 | 0.170 | 0.814 | 0.143

- L - s 30-70
T l( X 7’; (Tab 1 e3 @ TEX) ° q%‘: L\_ N 30 40@ {} E5(2, TBV/ICV, frontal-parietal -temporal-occipital /ICVZ¥# BT -4 h
RTIF, BETH -7, QB 3040551

Kz WEE AnE Flscore ROC-AUC "RE ggﬂ
Gr N =)
kgl = P E' iy ‘J /ﬂ\‘%) ‘;(' % N E‘ t £ mean std [mean| std [ mean| std [mean| std [mean| std [mean| std | mean| std
c\— j—/;) 1/ T jE‘ Pﬁ 2 H[_l ;f\'fﬁ Z] % z/[/ %) ]jf 30-40 0.844 | 0.072 | 0.700 | 0.119 | 0.599 | 0.108 | 0.634 | 0.090 | 0.853 | 0.070 | 0.914 | 0.090 | 0.901 | 0.056
40-50 0.832 | 0.120 | 0.652 | 0.216 | 0.571 | 0.074 | 0.587 | 0.138 | 0.808 | 0.111 | 0.889 | 0.143 | 0.876 | 0.119
PN R [ 4050 |

{5\ Wz Q]Eﬁ %:Ei 755 tﬂ = "é E@jﬁ D S & 50-60 0846 | 0113 [ 0650 0.218 | 0.555 | 0.082 [ 0574 | 0.139 | 0.814 | 0.102 | 0.902 | 0.131 | 0.889 | 0113
N 60-70 0.823 | 0.143 | 0.606 | 0.258 | 0.549 | 0.078 | 0.542 | 0.172 | 0.783 | 0.127 | 0.873 | 0.165 | 0.861 | 0.145

30-70 0.841 | 0.131 | 0.633 | 0.248 | 0.550 | 0.076 | 0.555 | 0.160 | 0.802 | 0.114 | 0.892 | 0.151 | 0.880 | 0.132

HEREND, HOHATOAEHRECM
FEREIL, BUESCHGEN ERIRKTH DO
T, AEIEEIE OUGEN TS L8N 5 AR R S vz, B L, BERIT EE - TELE HIK
<, FTERBENE T B ZIXIMRIIC L DI RET — & 2 N2 2 B & 5 D3 b A2V,

Table 3 Prediction of traffic crashes using brain structure data by Random Forest method
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