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Assessment of Risk of Falls in The Elderly Using Mental Arithmetic Reaction Time Measurement
When Walking

Abstract

[Objective] The purpose of this study was to develop a new evaluation method of fall risk using the
mental arithmetic reaction time (MA-RT) during walking and the MA-RT is to examine the
relationship with falls in the elderly. [Method] A total of 113 (aged 70.5 + 5.6 years) elderly
individuals were divided into the fall group or the no-fall group. First, for the purpose of predicting
falls, the degree of difficulty of mental arithmetic in elderly individuals was examined. Second, the
relationship between MA-RT during walking and falls was tested in elderly individuals. In addition, in
order to examine the validity of the simple evaluation method, a comparative study was conducted
with TUG, which is a conventional evaluation method used for fall prediction. [Results] The fall group
showed delayed MA-RT than the no-fall group. In the logistic regression analysis with fall as an
induced variable, the MA-RT was selected, and the cutoff value of the MA-RT was 1.132 sec, the
sensitivity was 94% and the specificity was 57% according to the cross-table by the cutoff value. The
cutoff value of the TUG was 10.6 sec, the sensitivity was 78% and the specificity was 56%. The
detection of MA-RT during walking was better to that of TUG. [Conclusion] MA-RT is reliable and
useful for the risk evaluation of falls in the elderly.

Key words: Falls, Evaluation, Mental arithmetic reaction time, Elderly
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BTHEEZHALNCTL 2L THS.

4.2 %f5 b EBR 1A

4.2.1 %44

SHRFL, TERENETHEE S 1134 Th Y, VEEHmIE 70.545.6 1%, MEHIES
M 384, LMET5 4 Thot. FEEFHIEL, MEMDOBELREEERL, RT0T 47
ELTHHINEICL D BINEN Tz, MV IALEAER, 65 bl b, BEAEIC RS,
I ANTHMERTRE T H D, A< &b ZHIONBIEDRE RN HSL L TWAHH & L.

PROMEEVEIL, W 1T FEUNICIKMAEREE, Oz, REBELEZ LcE, SR
I BOEBZ AT D00, BITHEERENRL, T3S 5 AR TH K &
HWrsn-bo L L.

KRE % VAEM OB O B CHAEIRE & IR T 72, Fils, (KE, HRIL

B EREIT o= (p>0.05). KGEDBIELFE 4-1 1R T

# 4-1 MBEORFM

FHEHR R LRycilfies

(n=82) (n=31) P
i (%) 70.35.6 70.845.8 n.s
AE (kg) 62.619.3 59.4+7.8 n.s
HE (cm) 160.3+7.2 159.0+7.4 n.s

n.s: p>0.05; FEMICHBEZENR,
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4.2.2 Haf| I
BRAGHEIC TR E L EM OB OFEIC LY, T ENEEERE & FRRERED 2 BRI
TR L. 72k, WEIEOERIL, MHETH - BEAEERE FELRIT BRI
R ESND. BERF =y 7 VA MO TZO VEMICHEATZZ ERHY 30 2265 L,
WE LAFEMOEEOFIEE L 9. AFEOEBEFFEIX 2714% Th o7, 7ok, #EIL,
M X 25070, BEakidk, AT 72 B2 X0 ZR8R0E LT R, TADARBIEIZL D

Z e, REBICEST, ARFE—FYEdH 20T L IRV Em~Ens) EE&HE L.

4.2.3 W LSRR DOFEAM

FRAIEF 1%, ZeRpRems B LOGIGRE, ARFTREIE S SR & Uiz, Ze R S SR 0D
R IAL, AT ARSI OO TR [ TR, 5 2 BB
WA NECORARBE Ui, WEFIER, 535 METHY, (E L7 H st

B IRp A 2 2 F O 7z

4.2.4 FEERERERHM

FERMSREREMICIL, FER OSSR A SUEMICEHE T 2 RE L LR AV b Trail
Marking test Part-A (LA T TMT-A) Z V7=, 2O TMT-A IZEE#EOIL EmsE L LT
DA & 28 PER T TIChERR S 4D EBEFOFMEICAH TH D Z L BRI T
% B, ki EICT X AMCEE ST 10D 25 £ TOTE /NI DIBEICHR T A

TWE, ks Z2fHEtE & L TRtk L7z,

4.2.5 TEBHERERTMT

IHEEERE OV CIE, Timed Up and Go Test (DA F TUG), 10 m H HA T 2 17E L
7z

TUG I, BISINIANT 2 DFREE & L CTHIE L7z, #IZEIE, Podsiadlo & Richardson ¢
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FIEIZHE- T2, JERENL 2B & L, fEHTICIE 2 O FEEEZREME L TRV .
10 m H HATHE L, TR R SOSEER ORNE &[RRI 30 m OEAHITEO 10m &
20 OHEIZ T A U E2F &, MREITEBEOEE CTHL Ko IZHERL, TR 10 m 41T

OB 2 FeEk Lo EREIT 2 Bl E L, ZOFEEZ W TH A TIEE Z RO 7.

4.2.6 FLAT AP

FERTERATIE, ZEOBEITIROR t BE, MENIET Y AABRE, el & 4%
EOREIZONWTIEr Y AT ¢ 7A@, Receiver-Operating-Characteristic #i# (L
T ROC i) (B2 RREEH L L7o) /AW, v P27 ¢ v 7 [Eleat O@E &M,
Hosmer & Lemeshow ORRE CTHIWT L7=. ROC HIARDFEAMA &I & Fr B & OFId ek
(272 % /% cut-off fE &I L7z, ROC Mgkl A 7 V —=1 Zhdi/e & OREE OREE
KO LH LWVRED BV b, SHRNICERFOELZ RLETH L. dhik
WZE D FTHIZHENSHEAE (Area under the curve ; AUC) NREWEE, EDETLDIiE
BYETmNZ & 2RT. ed, TATORMEHENTIX SPSS 22.0 Z W TITo 72, AEAKYE

1£5%& L7,
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4.3 FE R

EAEIE DT IRIC & D LRI OEEIRF OBIEIL, BT B L < (58%), ZOftix

PEEX A%, NIRRT o 72 (R 4-2, [ 4-1) . 72, BB ORI, 0 23 b £ < (45.2%),

ZOMOIFRIT, SES&, fF, ToOMTH-o7z (K43, K4-2).

# 4-2 EREREORYL n=31
NE (W) e (%)
AT 18 58
W B - 10 32.3
N 3 9.7
# 4-3 EFOK  n=31
JIA NE (N) E (%)
) 14 45.2
DEDSE 13 41.9
B 3 9.7
Z DAl 1 3.2
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EAMERE, FRESEIREICIIT D TUG, 10m B A THE, ZefiRems B SO, AT IR

IGKERE], TMT-A O TOHEM CHEICZZROT (p<0.01) (3 4-4).

K 4-4 FREIRE & EEREIRE O S RE R R O Hig

WEEE (HAD)|  FRosfEEE R t df p
TUG  (sec.) 10.1+3.0 128+25 | 428 | 1m1 | **

BN FERE
AT Ve (m/min.) 66.3 +12.9 57.6+87 | 349 | 11 | **
ZHFIRF MA-RT 0.978+050 12814054 | 279 | 111 | **

SR
AT MA-RT 1189+044 1687042 | 540 | 1w | **

(sec.)

= 02113026 0406029 | 349 | 111 | **
TEEHERE TMT-A  (sec) 201.8+975 2845+1103 | 388 | 111 |

FME + ARMERZE, tRE - p<0.01.
TUG : Timed Up and Go test

ATVt 10m B A TR EE

ZEERE MA-RT - 228 R BSOS IRF
HATIRE MA-RT @ 3 TIRFIRE SR SO R e
7545y« BT MA-RT-Z2 50 MA-RT
TMT-A : Trail Marking test Part-A
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HIEH M OB Z R 4-5 1T T, ERRERE RO LR H & A TIRERE SRR IR & DI
EVVFEBEI NGRS B L7z (r=0.85, p<0.01)

i, STRERFRLOCRE, TUG, TMT-A, 10m H B TEEEIC D TR 2 0t R 22K
L LIeu P AT 4y 7 BRI 24T o 1o, ZEIHRIE 20T 2 72 ORI BB TE O 18 W2 R RE IR
RG] 2 Broh Uz, BRI 2R 713, TR R BOGRERH], TUG, TMT-A Th o7z,
Hosmer & Lemeshow DREDHEEIT 2=7.80 (p>0.05) &, JREMGAFIRS T
F oy R RO T-RER, AT ESOSR R O B st A B T, Az U 728548 | o 2
NCThHoT- (3 4-6).

A A R BB S & L O TR SR SOGRERR] O ROC Rz k7= (X1 4-3). ROC HifRIC
BWTREYFET A OB AMEZFHE L7z & 2 A ROC Bt Fomifd (Area under the curve; LI T
AUC & II597) 13 80% TdH - 7=. ROC MR DORHMA & i & AR 722 HER T AHY cut-off fi 1.132
sec T o LW L7z, cut-off ETOD 7 v ZLEFHRIZ L VI 94%, FREEEIX57%, B
PEE T EEIE 45%, [RMEET L 96%, WAL 67% CTh oz (K 4-7).

F72, TUG IZHBWVT, ROC H#IZIBWTHIFET VOEAMEZFHMIL72& 25, AUC
13 76% TH >7=. ROC Hi# D7 & e b AR 724 EH ) cut-off 1% 10.6 sec T, J&EL

LRI 1T FNEN 78%, 56% Tdh o 1-.
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* 4-5 FPEHHEMO BT Y HRBREK

ZEFRE MA-RT 1 7Hf MA-RT TMT-A

TUG ATVt

SEERE MA-RT  1.00

HATHE MA-RT  0.85%F 1.00

TMT-A 0.49%* 0.56**
TUG 0.41%* 0.46°*
AT Vit -0.40** -0.43%*

1.00

0.19*

-0.33**

1.00

-0.57**

1.00

*: p<0.05, **:p<0.01.

LRERF MA-RT : 2RI SR B RF ]
HATRE MA-RT « A3 TIRFIE B S ha e
TMT-A : Trail Marking test Part-A
TUG : Timed Up and Go test

ATVt 10m B AR T

#4-6 WEIZERERE Licu P AT ¢ 7 BYRaris & 0 IR L 72K+

W EH A Ay Xt 95% EHEHIXH p 1
AT IREIG B SO R 4.026 1.149~14.107 p<0.05
Timed Up and Go test 1.241 1.032~1.493 p<<0.05
Trail Marking Test Part- A 1.005 0.999~1.010 p>0.05
Hosmer — Lemeshow test y>=17.80 p>0.05

¥ AT T UA Rk

BNSEZER - AR, ATRERERLUSHKR], TUG, TMT-A, 10m B HATH

27
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1.0
ROC phip
HATHF MA-RT
0.8
— TUG
2 g cut—-off &
% o HATHE MA-RT :1.132 sec
0.4 O TUG : 10.6 sec
H47HE MA-RT @ AUC : 80%
0.2 TUG ® AUC : 76%
0.0 T T T I
0.0 0.2 0.4 06 0.8 1.0

1 — R

\

HEAR oS (Area under the curve ; AUC) :p<0.01

* FLENZ cut-off fHZ R LTV 5.
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# 47 BITWERESLSOEIRFH O cut-off i Co 7 r ALt

HLfE HLfEl7e L At

1.132 sec LA |- 29 35 64
1.132 sec A 2 47 49
3t 31 82 113

* T = 29/31= 0.94

Kr g = 47/82= 0.57
R E ST FH S = 29/64=0.45
e VeSO E T = 47/49= 0.96

TR = (29+47) /113= 0.67
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4.4 F5

T ERFRTOEERT ElnE 113 4255 L LT, H LOEEEFRIFHEE C b 5 R K
JRIEH, EEMERE, EEMEREANE L, milnd S0 D E R T RFRE A SN2 L
7=

AL TO ZHFREIZBWT, FETH o EIRREIIA RS TEERA L. YUY
T a IR D ZEHBEEE AW EATE T, BEARTI KAWL ETE
ELTHHRBITHRERIN TS R Y, £, BRASMTIEAE ML —=v 7 HEELTYH
AR CTH D72, AWFZETITEERE & L CHBRATAZRIN L2 4 %),

EEEI R FEHE AR & el L C, TUG, 10m E A THRE, 2 BEOSIER, AT
W R SOGREH], TMT-A ORIER R THEREN - T-. 77200, BEIRETIE, ROGKREH,
EEIRERE S L OVEEMEN ILIIE T L CW A Z R anTe. e, SFRIORRL VAT
OREHEBMIITAEREZMEENREDO N, 2O EIXRESEREWZ EZERL,
ZUMYED & D HIREES) < TEERES] « BUSKRRIOMEDPITATZ L ZZD.

AT OB OB ORE R TIE, TR KOMEBRABRICBET L ENE N L
DR T 7o, SRBIREOSITRISE BEOSRE R OFE LTI, JREREIRE & ik L CHRICIER
LTW%. BEFETIE, FRETHLIBITIE~OIEENL D7D, RERUSRH O
FERNAE U2 EAVRIBE LT,

B U 2 7 OFHIOZ 4TI, @l o3 L TIEROEEERHMIE & §25 TUG & 4T
R B SOGREET AT ¢ Z IR DT A biit &z, £ LT, TR R
BORKF R ORHIET, TUG KV bRRIENEGNZ EAVRENT. £, TMT-A L, =Y
AT 4w Z ARSI OFTTANICHI S22 (p>0.05), TR FLESIER] I b,
FEHERMENZ LR Lz, U EOREREIY, AR CHERLZMES AT A TRIE L2

AT BRSO IR O i OEAE PN, ANCRIHAIRETH D Z L AVRB S -,

N

ROC R DA 7> & H TS B SRR 0 cut-off 578 1.132 sec & HIkr S 4, #5680k
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FEIZ 94%, FREEIE 57% & BAF7RfE RS b, BB 25 iR & L TR MR A
=V Th % T L NFEIETE 2. R B 45% 7278, Rt L 96% & mi <, 1.132
sec UL ETHIVUTIEEOAREMENRE LS BWI EE2/R LT, LR T, STREREHE S
IRF R TR P OB e L 70 D 2 L AR S 4T,

TUG 1E, fERDEREFEME L L CRlZ iz Pl A A TH Y, Shumway CA & I THAE]
TR O REJECRF RN 87% & i <, 58T o cut-off il & LT 13.5sec & #d LT 5 40,
LU, AEOXRER, EEEEE AT 2 HIREFEEE SihE Ch v, IHERE R EW
72, TUG @ cut-off fii% 10.6 sec T, FEEIL 78%, FFREIL56% CTh o7z,

£, AEIOESFRAIZ, FIHTROOEDX LG Tholoicd, HHEOFRER
ZHRER (NEPEY 227) OIKT &5 2 S, SEIE O TREF B URRE R O T K 13
BITENE~OIEEENP LV 2 <20, ASLRBITRT L TREHER O 72 OBKOE Y BUSR
SRS SR DSOS IE R\ D 7R3 H & B XD
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4.5 fifiih

g 113 A 2 s LT, RUSHH, 7EEHGE, EBREREZFE L, &@ETH L o

REBET LT, KEORRZLLTICE LD,

(1) mlnd ORI IIFEEIREC N, BIRRED), TEERES), BUGKFRITIR T L7,

(2) EBEZEBERL Licn V2T 4 v 7 BRI ORERIZ LY, BITHRIEE LS
DHFEFNCEE T, WL LE RO ZER TH - 72, ROC HIFROFH» S b
N7 a 7 cut-off ff1% 1.132 sec Td 5 &Il L 7. cut-off i TH 7 m AHFFHE
(CE Y, BRI 94%, FREEITEI% TH T,

(3) HuUAE(EARH mln & ORE TIIIE, ATRRERLOSK T, TUG LV &< T
LT LWL ST

LLEEY, w2 2 TR R EOSRH 2 WIS PRI A Th 5 2 L AVR

B Xz,
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5.1 ABFFEDH

El b OBPRIZ K VIR TAEET D@ B N L, e PHITHEREREO VL S TH
. WX, SE OBEREZHMET 5 O 2 THRLMRETTREV RS THDH. AL TIE, Hi
AR Sl 3T DR ELUSKRFRH « TEEHERE - EEERE ORI 2 MIE L7z, FRICHR 258
HRREE L CAEE L, SMTRIEREONRE] S il & OBR A METT 2 2 L2 HE Lic

8952 mCIE, #EmEEELOGCRRIORIE S AT L2 FRL, ZOREHEZ L LT
H3ETIE, WHEMEL L C2HoME LREEMD 7 SOMABEDEEER Lz, fEl LT
W RAREOM A A O CREEOGKR A RE L, i T ool 2 m B s et L.

B4 ETIE, @l axig s LT, BITIRIERELOSRFR & 6ot & OBIfR et L7z, AT
FOGRE 2 W2 B8 PRNIA R CTh 5 2 & R ST, BTG B S RE [ O a8 7

cut-off ff1% 1.132sec TH Y, ELEIL 94%, FFREILS5T% THHT7-.

5.2 ARHFFED KK

5.2.1 W HHIEHIEIZ DN T

ARFFECER LI R RIE 2 B AHE O BREEHIBR D 72 <, 2Rl Td 5728, IRIKIEHT
THLEERD. IHIT, WMRAEEBEOFEEN S, ERRFNZ ATRE L 720, BTN
BRGNS ) 28508 U 2 7 OFHBICISHTE 2 B2 5.

5.2.2 R HERICOWT

8953 ECIE, BEEMOEES IOV TG L7z, ARBFZEfH U7 Ry BRI 2 HTOINHE &
FBEME 7T OO 7 —7 (A~G) I L, TN ENORRFISKRHZHE L. GBI A B,
B#E, CHEICHAFEIZES, DR, ER, FREICHANARICEN-TZZEICEY, GZA—T
DG A R EW Lz, DF Y, mlEB TS, RbLERKEEEMIII L —7 G Th
>7z.

5.2.3 A AEIZ DOV T

AR YEIC DWW, BT RS A B A & Lo e P AT v Z[Elg 38t & ROC
WD, AT FRSIER O cut-off 1% 1.132 esc TH Y, JREIX 94%, FFRFE 57% TH -
fo. 2oL X, BATRERERBOGRERITERE T~ OFMEICAEH L W2 D, Lizio T, BT
IRFIE R PSR 2% 1132 esc DL EDGE, #5EI1 Y X7 N@E< 700 T EBHERITE 5.
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5.3 AWFFEDMRA & 5% DIEE

AAFFEORIUL, A EIBHIE Ui il AiE1L, BEREE, FEREEDH 2558 CIElER T
bn. T, MERRBIMEEDD HMRETIERONEZ T TR0z, FER#ETH
LEERD.

SHOBLEL LT, BHIBEOBSEIZOWT S SITHRF L, RABIEL B2 DB H KL
T, WURESEARECEE, BRCHICHFTE 2 L /bnd. £, ARBR LA
FOGKH 2 N T, BB TR0 AGEE LT EZED T2 WEB 2 5.
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A

ARG ED TS, < ORAEFICTHEL ZTHELZES £ Lc. EREREIERTERT
Bl A=F] Bz, W A~ MeEdR, EEEHRTOR B AT, RERATEEND
WFFEE I D N G205 SCAERIC DWW T ZHREIHE £ L.

SHIT, TEIEEHE La L AT THWCBSERIED B O AETT, BeANTEEIC ) 5 Rk
LG - BRI DIZ, BHAELAEWRRL—FEITHBEATINT, HYRLE S TINELE.

%S, HA XA TINEERDE, WO, PEICW DI Z ORI E#RITET. A4S
HVNED.
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