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- Abstract Physical performance measures, such as gait speed, one-legged stance and hand-

grip strength, are known as assessment measures of motor function and predictors for adverse
health outcomes and widely used for assessing motor function in preventive programs for

- long-term care or screening of frail elderly However, there is no standard assessment sheet for

feedback of the results. In the present study, an assessment sheet on physical performance mea-
sures for community-dwelling older adults was developed. A pooled analysis of data from six
cohort studies, including urban and rural areas was conducted as part of the Tokyo Metropolitan
Institute of Gerontology Longitudinal Interdisciplinary Study on Aging. The pooled analysis
included cross-sectional data from 4683 nondisabled, community-dwelling adults aged 65 years
or older. Quintiles were derived according to age and sex group for six physical performance
measures, i.e., hand-grip strength, ene-legged stance, and gait speed and step length at both
usual and maximum paces. The assessment sheets, which indicated the physical performance
level according to age and sex, were developed by fitting third order polynomial curves to the
data. The reference values in the present assessment sheet were considered to be derived from

~ better represented community-dwelling older adults by using more large-scale population-based
cohort data than that in the previous study. The assessment sheet should be useful for feeding

back results on physical performance measures to elderly individuals and help them better un-

~ derstand their own physwal performance levels. «
" Jpn J Phys Fi itness Sports Med, 64(2) 261-2 71 (2015)

Keywords : reference values in physical performance measures, assessment sheet commumty—
dwelhng older adults, feedback of results
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Cohort Study Cohort Study 2002 Longitudinal Study Longitudinal Study Cohort Study - - Cohort Study 2011
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2002 survey baseline survey baseline survey 2008 survey baseline survey baseline survey -
(n=1068) (n=2847) (=637 (n=1665) “(@=742) (n=905)
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—>{ from all physical -3>1 from all physical ->{ from all physical | - |=»{ from all physical > “ADL disability, ->! from all physical
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Fig. 1 Schematic of participant selection processes in each included study®
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Table 2.

" Quintiles of physical performance measures by age and sex group®
Physical performance measures ‘Quintile levels Men Women
Age Overall 65-69 70-74 75-79 80-84 85 or over Overall " 65-69 70-74 75-79 80-84 85 or over
Hand-grip strength, kg 5 (Highest) 38.0<= 40,0 <= 39.0 <= 350<= 320<= 27.0 <= 24,0 <= 260 <= 25.0<= 28.0<= 210<=" 20,0 <=
4 34.0-37.9 37.0:39.9 35.0-389 32.0-34.9 29.0-31.9 25.0-26.9 20239 24.0-25.9 23.0-24.9 20.0-22.9 19.0-20.9 16.0-19.9
3 30.0-33.9 34.0-36.9 31.034.9 29.0-31.9 26.0-289 22.0-24.9 19.0-21.9 © 220239 20.0-22.9 18.0-19.9 L17.0-18.9 - 14.0-15.9
2 26.0-29.9 31.0-33.9 20309 250289 23.0-25.9 19.0-21.9 16.0-18.9 19.1-21.9 18.0-19.9 15.0-17.9 14.0-16.9 11.0-13.9
I (Lowest) <260 <310 <270 <250 <230 <19.0 <16.0 <19.0 <18.0 <150 <140 <110
One-legged stance with eyes open, s 5 (Highest) \ 60.0 <= 60.0<= 60.0 <= 60.0 <= 60.0 <= 56.0 <= 60.0 <= 60.0 <= 60.0 <= 60.0 <= 39.0<=" 17.0<=
4 600<= - 60.0<= - 60.0<= 42.0-59.9 28.0-50.9 15.0-55.9 60.0 <= 60.0<= - 60.0<= 30.0-59.9 17.0:38.9 5.0-16.9
3 33.0-50.9 60.0<= 40,0599 22.0-41.9 12.0-27.9 5.0-14.9 26.0-59.9 60.0<= 31.0-59.9 14.0-29.9 80169 3.0-4.9
2 10.0-32.9 250-509  15.0-399 7.0-21.9 4.0-11.9 3.0-49 1 9.025.9 29.0-59.9 12.0-30.9 6.0-13.9 3079 2.0-2.9
1 (Lowest) <100 <250 <15.0 <7.0 <40 <30 <90 <290 <120 <60 <30 <20
Usual gait speed, m/s 5 (Highest) 1.49 <= 1.56 <= 1.52 <= 147 <= 1.36 <= 131 <= 1.47 <= 1.55 <= 1.52 <= 1.39 <= 1.28 <= 115 <=
4 1.35-1.48 143-1.55 1.39-1.51 1.32-1.46 1.25-1.35 1.15-1.30 1.32-1.46 1.43-1.54 1.39-1.51 125.138 1.14-127 0.94-1.14
3 1.25-1.34 135-1.42 128138 1.20-1.31 L1124 108114 1.20-1.31 134142 127138 1.14-1.24 1.00-1.13 0.83-0.93
2 111-1.24 1.22-1.34 1.16-1.27 1.10-1.19 0.96-1.10 0.90-1.07 1.05-1.19 1.22-133 1.14-1.26 0.98-1.13 0.80-0.99 0.70-0.82
1 (Lowest) <Ll <122 <116 <110 <0.96 <090 <1.05 <122 <114 <098 <0.80 <0.70
Usual gait step length, cm 5 (Highest) 760 <= 780 <= 760 <= 73.0 <= 680<= 66.0<= 69.0<= 7.0<= 700 <= 6.0 <= 63.0<= 56.0<=
4 71.0-75.9 T3.0-71.9 71.0-75.9 69.0-72.9 64.0-61.9 61.0-65.9 64.0-68.9 67.0-70.9 66.0-69.9 61.0-65.9 57.0-62.9 50.0-55.9
3 66.0-70.9 700729 68.0-70.9 64.0-68.9 59.0-63.9 54.0-60.9 60.0-63.9 64.0-66.9 62.0-65.9 57.0-60.9 51.0-569 ' 45.0-49.9
2 60,0-65.9 65.0-69.9 63.0-67.9 58.0:63.9 52.0-58.9 48.0:53.9 53.0-59.9 600639 57.0-61.9 51.0-56.9 46.0-50.9 40.0-44.9
1 (Lowest) <600 <65.0 <63.0 <580 <520 <480 <530 <60.0 <570 <510 <460 <400
Maximum gait speed, m/s 5 (Highest) 227 <= 238 <= 227 <= 217 <= 2.00 <= 191 <= 2.00<= 213 <= 2.04<= 1.89 <= 179 <= 1.66 <=
4 2.00-2.26 2.17-2.37 2.08-2.26 1.92-2.16 1.85-1.99 1.80-1.90 1.85-1.99 2.00-2.12 1.85-2.03 172-1.88 . 161-178 1.40-1.65
3 1.85-1.99 2.002.16 1.92-2.07 1.80-1.91 1.67-1.84 1.61-1.79 1.67-1.84 1.85-1.99 1.72-1.84 1.59-1.71 1.39-1.60 - - 1.20-1.39
2 1.68-1.84 1.86-1.99 1.72-191 1.61-1.79 1.45-1.66 1.32-1.60 1.47-1.66 1.72-1.84 156-1.71 1.39-1.58 1.21-1.38 0.96-1.19
1 (Lowest) <168 <186 <172 <1.61 <1.45 <132 <147 <172 <1.56 <139 <121 <0.96
Maximum gait step length, om 5 (Highest) 91.0<= 93.0<= 93.0 <= 88.0 <= 83.0<= 81.0<= 78.0<= 81.0<= 79.0 <= 75.0 <= 720<= 67.0<=
4 85.0-90.9 88.0-92.9 87.092.9 83.0-87.9 78.0-82.9 73.0-80.9 73.0-77.9 76.0-80.9 74.0-78.9 70.0-74.9 65.0-71.9 159.0-66.9
3 81.0-84.9 85.0-87.9 82.0-86.9 78.0-82.9 72.0-71.9 68.0-72.9 69.0-72.9 73.0-75.9 70.0-73.9 £ 65.0-69.9 59.0-64.9 54.0-58.9
2 75.0-80.9 80.0-84.9 78.0-81.9 71.077.9 63.0-71.9 62.0-67.9 62.0-68.9. 70,0729 - 65.0-69.9 60.0-64.9 53.0-58.9 47.0-53.9
1 (Lowest) <75.0 <80.0 <780 <710 <63.0 <620 <620 <700 <65.0 <53.0 <470
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Oy o BB E Y

o
=y

— s

LCEVIORT

69z



— 97§ —

Men

45

40

35

30

25

20

15

Hand-grip strength (kg)
80%tile
60%tile | T Very strpng
40%iile - ;:;g\\
20%018 Normal ™. \
e N ={9881%
"N“ Weak ‘&\‘\ . 23
erv weak MMNB 43
0995
K=U.YsUL™
65 70 75 80 85
Age

One-legged stance with eyes open (s)

60

50

40

30

20

10

Very well-balanced

AN

T,

~

Well-b.
YW-eh-b

R?=0.9047

lanced

Y

AN

N

Normal

Unbalance

AN

Very unb

tlanced\\

AN

R2=0.9912\
~

\\

R? = 0,592

RE=079905™

65 7

0 7

5 8

Age

0 85

Usual gait speed (m/s)
1.6
W
1.5 \V ery fast
—————
14 : ) Fast
I e R2=0.
1.3 _Narmal
1.2 L Slow . .
T~ | R*=09837%
Very slow ™
1.1
\\ R*=0.9988
1.0 P
R%
0.9
65 70 75 80 85
Age
Usual gait step length (cm)
80
A
75 Very long
e T Long
70 e
T Nprmal | Re 9076
65
Short
Very short \
55 Qabm
50
R? = 0,990
45 :
65 70 75 80
‘ Age

85

Maximum gait speed (m/s)
24
P E———
20 - ' Very fast
- e ——
2.1 =~ Fast
2.0
19 Nomal ™. _ | R’ - 0%
1.8 Slow RIZ(D935-
L7 Very slow e
16 R?2=0Q,
1.5
1.4
R*=0.9
1.3 \959\
65 70 75 80 85
Age
Maximum gait step length (cm)
95
| T
90 Very long
85 e Lo
Normal \”\«\ R*=00
Short
75
2=0.998%
70 Very short \ \\
R* = 0.9993
" m
65 70 75 80 85
Age

Fig. 2 Assessment sheets by quintiles of physical performance measures according to age group (men)

992

AN I T

gicks

ik

‘dmg ‘%g

L—AU LW VSIT-OINL "Bt



—L¥S—

Women

Hand-grip strength (kg)
- 30 :
80%tile
e ‘
25' @Qﬂ@jﬂs : Very st: ong
40%tile Sir
MWM ong
. - Nornal ™. R2=
20 20%tile
Weak ||
, ' =0.971%.
Very weak \
15 : L RZ=10.9764
| R2=0.971
10

65 70 75 80 85

Age

One-legged stance with eyes open (s)

60

50

40

30

20

10

NI

[=9

\ ~ Very well-balancs

NNELN

Well-balance
\ )
\\ Unbala%

Very unbalaM‘ \ ) \\n ) :
< R*=0:9789
\\Mxyﬁ‘?
S
- R*=6:9739
65 70 - 75 ; 80 ‘85

Age

1.2 i

Usual gait speed (m/s)

1.6

SUS—— :
1.5 e : -
14 [ S Vary fast
1.3 T—— B ;:st\“

Normal
‘ N

1.1 Slow \\\ ‘

10 : Viery slow N e t\}gm ‘

0.9 \\ RZ\—O\99

0.8

R
0.7 \
65 <70 75 80 85
Age ‘ :

Usual gait step length (drn) :

75 -

70 :

; Very long

6 = “""w\ﬁg\x —

P \\l“‘;a\\\ \ '
i | R Short \\ \‘R{:\OM
55 Vcryshort\\\\ N 2=(‘)\9\W§\ .

50 ~ S

45 : \R\\‘g\ ‘

40' R*=10.99

65 70 75 80 85
Age

MaXimum gait speed (m/s)
22
2.1 :
90 : Very fast
: o M S
1 8 N”""*-».._,,’N s, ' Fa;t\\\
1.7 o ... Norinal | Rpzey

1.6
1.5 ‘ AN :
14 Very slow . R2= 0.9837
1.3 - AN
12 : - DRre=0.9975
1.1 \\
1.0 R>=0:9928
0.9 —
65 70 75 80 85
~ Age ‘

: Maximﬁm gait step length (cm)

85 -

80

\\ Very long .

75 e -

70 e N

65 ™™~ Shor

60 k - Nery short : .

55

50

45 -

65 70 75 80 85

Age

Fig. 3. - Assessment sheets by qﬁintiles of physical performance measures according to age group (women)

S

W) 0 | — A WAL B

L9¢



268 Wa, WYF,OUE, D, KW, BB, EH, OB, PR, & Al S, TMIG-LISA B v — 7

MENT2EEZ DL ENTED.

BHFES — NOFEHF®E

1. DREA~DT 4 — F8w 7

RARTIFEG Y — i, Sl FRgiEE e & ol #E 1z
B AHEFEOLDPWEFM e, EANSE A2
)=V 7R, RN ONRET B D Y o
W RIEZED 120 OMIFZ B A5 7% S BWT, 5
BANDT 4= FNy 7T 2 L2l L Twa,
Ry — Mg ofleEiis 7ay b Fa e, -
ERPIORIEIZIE U2 FORGE DO LN ARG Z LN
T&5, Tz, IS EEL 7ay P LTWwW L Z & T,
S¥at (ETF) 2R L3R5,
TS O TR <L, WaE o2 bar 72
TR, SEMLNVICBITLELE RS ET, &
ERERE D DR & K E IR 5 2 L AT REC
5y eEZLND, RTHYENRE L WEIER O 5
BB L OV R I L 2 T, TR S
EEFTEFHOL VoI, IR A BEC 1
BB DL, AT I 2 BB L T h o 72 T L s
ENTBY, EHBRONE UL, 2hzholl
FAIE L7z LAV OUED L TH D Z & &R L T
. ZOZEEREER, RAV— MILo THERRER
WHEEOFHIAATRA S EEA LN L. I AT LT
EOREE O FLAD B I DWW, i - L —
S TR R E LT T T 79 Ak ISR R 12
R LTHEM LW X 2 &, EETR oA EE
DEALE O & B, BTk 12423 ke, B
RA R B TId35+ 1438, W AORITHEEIL02+0.27

m/BT, 1 BB DM B R T H B &%
ZoNz,

LIHT, RHEFH OB, ERICHE Uk
fEE V) XD, EFEBRETELLDLRVW LAV EEDZ
EHEETH Y, WICIERMER L ES DI B n
TdH, 65l Ea—#E L Uit s cn s,
L L, BT — 225 bW 557k & 512, ADLEESE
DHRWERTH-TH, iEce & dITHEINTEMEERT
L FIHETHL. FHNEEZT B EOER LA
SHELIEL T EREETHEY, FRC X BHENE
MERLTBLLIEDEETHS D &£ 2, RMEITEHE
= P CERIIS Ul R R Lz,

2. adverse health outcomes 74T A%

ARHFFE TR L7ZERICID U228 EI1X, adverse
health outcomes [ZHEHAIED & 3 ITHET 2 HOHH
BEL LCHHHETEDEEZOND. TTIZ, A
THEEEEZROAEDNZHE L, EAEIRITHS
BAEERRERY, EIERREEY, B AFY, AKY, 5

T Hra=7 R 07y b AORRE R EE
B 2 Z R s R Tnw b, S, ATk
TRARHRIZIS U0 i il L 2 S NS O sE e S5 R %
B ZEC HRAOMISAEEEHE A CEHTE
B, WHNAATREDOA7 ) —= v FRMEEZRFITE B
EEZOND, INIZLY, EIFHIY — MCEBRERE
LVAOVIZIS U7 dF R U A 7 R R AbE TR
FTIENTEDLLIIRD.

HHEES — FOEEICB T3 EES
L. R OBORE

AR CHAR S 7z ok — MRFZELE, R 3R R
e EHWE LTEBE N D OTIER L, EROHE
B2 T LT b EIEE A Wn

F 72, BIIRA RS Bk LB A 60F0 & L7272, 705
P F COERIT [509 ] PlhofEr R4 2 Lh T
ETwirwv, fEoT, LBRICEL NSRS, —f
W [RZEL W] &35 2 LR BISENRFMEREE LT
HLTw5, ‘

SOOI A WS LI X BRADH 5. 5
P — b9 B, WO ISR T, 658~70
B THRIEAMERIC X o Th { e 28030 5
7o, 2, ARWFFECIX 65 REOMHIZIL 65-69 D H gD
EWOM L R U E V2o b E2 o5, Bikok
FAHATHRNR O A DOBAL 23T 25, SR EAR OB IE
TR o/zds, TOMEOfE R LIz EIL
TIXRAD LT 5.

F 72, REFFE T 85 L L DRI R S B A Ao
72, SHEPL RO ZIN—X v A W% SHEED
flie L7z toT, Sl bnF—4i3sEMHe LT
ABHTELHEAPLIETH S,

2. T4 —F)Ny 7 OBOEES

SOENFMY - FEEE TS A RSN,
ADLEEDOLWADTFT = PR EINZLDTH S
CEREELTBIRIINER SR, TR BT
BURTFHEESMEIC L A8 ED L BT 5 &, B
JITIE BB, BHIRA RS D T 2 BERE, lE AT
TIE 3B L, BICBEEREICB VTR TRD
AT, LA o T, SBEENOBE TIIRL,
EhR 7 & TABIEHE Y — b R I E I ER T 555
BICE, 7 LSS L SICEE L TEREOT £ —
RNy 7 BITHRETHA.

KIZ, RY—F2ERLT, BHEOEKRST2ED

574 —FNw 7 %7 OORERICOWTESY

b, MHREIZEL o TE, BROWEFRAFIGH 2D,
FENZBHICEEIN TV EIPRRIRIRLEETH S
EEROND. I ORROEGEHEERT ) X 7 4

—548—



HUS S DN — b Ok . %9

¥ DRI & FSTRIGEIC & 5 &, AT 25%tile L
TCURZPEELI LY, FNaR=TOBWHHEL
L CHAE MRS & Tr20%% 5 LB 5% 2
ZEh, 20~26%LL T AR & 1 B RS B B
Z o7, W, 40%tile <~ <60%tile D % R 72
WL LT, 74— KNy 2 OBICHAT B Z L% 2
b FERINETE-HETHE. EICL2
BEEET 2 TN CATHN R OLEL, UETHZE
REEEE B ERERSVEEDND. BIETE L
%<, bv~:y7k;ofﬁ%%1&%<6wmié
CBHLETHTETHD L RELBBEND D,

LA LA, $Wﬁ4ﬁ/ FOSRY L 9T, g
PR A DOETIZRT S 2 Wl b & 5. REFET
TR L7, R & D % S R R TR &
BT t#f%%@f _mﬁm;b%k%&ﬁT%
LB, %ﬁ&ﬁﬁ@ﬁT%%tgth@#&
Brofady, HE LB ET, LEICE U CH#EE o
TW S LB BEETHLEELOND,

T, WEMEEL SVAME T, AEHERET S
ERVED) RXEHNEETH LY. WEED20%t]e 2 T
o 723817, BRI B AT 1B & R T h 1Tk
v, BEEREETALOLTVWAEER SN HE
EETHETIRY RY, £ ouEIzm 7z BiEE BRI
BT ARV NRERTAIENEE L E
C 2% Thbb, HEEEFIEERELET SR
PRODENTELS Y Y IHTEL LI LDILER
LT, A= b REAT D LB OEE LA
BB - @%a<b®%L O&ﬁé&%iEhb

Kﬁﬁﬁifi 6DD k- Fﬂn@%mT Iz
& 2 AT EERE OB DM EREEE VT, AN
ERROBMAND T 4 — ¥y 7%, i H 5 OHEE)
HeBE L~V OBRICHE T X BTIEHE Y — P RV L
7z, ARFFE TR L7z 3 DETIFHES — b (543,

A5, I L REIERE) 13, HRAERESERY
¥ ¥ —WFEAT O = 794 | http://www.tmghigip/]_
TMIG/]_indexhtmli2T¥ 7 >0 — FHRETH 5.

FRSERE TS fEF <X boEnL

24 f22
Lo 3R — MFFRIC fmw_mvﬁm WA
X, —%u#)iﬂﬁ EEET, BILETIC B A RESIEB L OB
%@%ﬁu%<@%wttiﬁ. :

#H R

TMIG-LISA (Tokyo Metropohtan Institute of Gerontol-
ogy-Longitudinal Interdisciplinary Study on Aging) ®f%E
TN—T X vox— gk (B REERITGEE Y & —),

B A GLIREER A SE), 2 — GBBIERA), 68 15 (A
B ARHERE), A—I (REMAE), FE &, &
H A (AL B, )1 (B R B A
Hika), g (KEAZ), PIREKERL (SLBA%), #
Bk, WEEBS (RESASE), Bk CRONEMRERK
), 0t GRREAE), SHEH SHMT, FHE
@, BAKES, HUEE, RESL AIEET, ABE
% NEEBT, WKEET, B REEE /NS
@, WHEE FRTH SAET, BATA, ABRE (R
SHERERER LY R -

X B

D KEE—, ssKEE HEFEOLOONEFH LS
2TV EENR T T AR O, BB GE
gAML IRELRS F], 3, 2004

2) Shinkai S, Watanabe S, Kumagai S, Fuﬂwara Y, Amano

- H, Yoshida H, Ishizaki T, Yukawa H, Suzuki T, Shibata
“H. Walking speed as a good predictor for the onset of
functional dependence in a Japanese rural community
population. Age Ageing 29: 441-446, 2000.

3) Studenski S, Perera S, Patel K, Rosano C, Faulkner K,
Inzitari M, Brach J,.Chandler. J, Cawthon P, Connor EB,
Nevitt M, Visser M, Kritchevsky S, Badinelli S, Harris
T, Newman AB, Cauley ], Ferrucci L, Guralnik J. Gait

~speed and survival in older adults. ]AMA 305 50-58,
2011.

4) Woo J, Ho SC, Yu AL. Walking speed and stride length
predicts 36 months dependency, mortality, and institu-
tionalization in Chinese aged 70 and older. J] Am Geri-
atr Soc 47: 1257-1260, 1999.

5) Volpato S, Cavalieri M, Sioulis F, Guerra G, Maraldi
C, Zuliani G, Fellin R, Guralnik JM. Predictive value
of the Short Physical Performance Battery following

. hospitalization in older patients. J Gerontol A Biol Sci
Med Sci 66: 89-96, 2011. ;

6) Rantanen T, Volpato S, Ferrucci L, Heikkinen E, Fried
LP, Guralnik JM. Handgrip strength and cause-specific
and total mortality in older disabled women: exploring
the mechanism. J Am Geriatr Soc 51: 636~ 641, 2003.

7) Chen LK, Liu LK “Woo ] Assantachai P, Auyeung TW,
Bahyah KS, Chou MY, Chen LY, Hsu PS, Krairit O, Lee
JS, Lee W], Lee Y, Liang CK, Limpawattana P, Lin CS,
Peng LN, Satake S, Suzuki T, Won CW, Wu CH, Wu
SN, Zhang T, Zeng P, Akishita M, Arai H. Sarcopenia
in Asia: consensus report of the asian working group
for sarcopenia; J Am Med Dir Assoc 15: 95-101, 2014.

8) BANEE NEFH~v=2 7V (KT : FH24
£ 3 A). http//www.mhlw.go.jp/topics/2009/05/
tp0501-1html (ZHH : FHL264E 5 23 H)

9) XEBFE. FEHT AP EREE (65K ~79 %5
%Y. http://www.mext.go.jp/a_menu/sports/stami-
na/0304090Lhtm (Zf&H : FHL2645 F 23 H)

10) /NHE—, ASRZ  BRAOKRIIEEEOREICHT
A%, }— HEDOIRIE, 36: 21-29, 1989.

11) K#Hs— ~$%EK.~*%?‘Q%KW’%#ﬁMi_
— BB, RAR—EE, RIEEF, BIUALF, SREHE &

—549—



270

12)

13)

14)

15)

o 1

17)

18)

19)

20)

21)

22)

23)

W, YOO, B, KWL R, S, OB,

aif*:%wmg%ﬁmﬁg%%f%ﬁ%%ﬁﬁ
b OO, HAL

FEASTE, LA aR] -
m%@iﬁﬁ%%#fvm/x
A= ERE, 571 988-995, 2010.
Kamide N, Takahashi K, Shiba Y. Reference values for
the Timed Up and Go test in healthy Japanese elderly
people: determination using the methodology of meta-
analysis. Geriatr Gerontol Ini 11: 445-451, 2011.
Yoshimura N, Oka H, Muraki S, Akune T, Hirabayashi
N, Matsuda S, Nojiri T, Hatanaka K, Ishimoto Y, Na-
gata K, Yoshida M, Tokimura F, Kawaguchi H, Na-
kamura K. Reference values for hand grip strength,
muscle mass, walking time, and one-leg standing time
as indices for locomotive syndrome and associated
disability: the second survey of the ROAD study. J Or-
thop Sci 16: 768-777, 2011.
EABREFA R TR 7845, -
fEIL (2), ABREE I HEET 2007,

H A A il

SERNRERE, HE BIE 0 HARANEIGE 2B 2 F D
%ﬁéﬁz}?B’J HEWTRYZEALIZ B3 % WF5E — Sl 13 K - T
% 7p = RO, 53: 1-10, 2006.

Ishizaki T, Watanabe S, Suzuki T, Shibata H, Haga H.
Predictors for functional decline among nondisabled
older Japanese living in a community during a 3-year
follow—up. / Am Geriatr Soc 48: 1424-1429, 2000.
Shinkal S, Chaves PH, Fujiwara Y, Watanabe S, Shi-
bata H, Yoshida H, Suzuki T. BetaZ-microglobulin for
risk stratification of total mortality in the elderly pop-
ulation: comparison with cystatin C and C-reactive
protein. Arch Intern Med 168: 200-206, 2008.

Ishizaki T, Yoshida H, Suzuki T, Shibata H. The asso-
clation between self-rated health status and increasing
age among older Japanese living in a rural community
over a 6-year period: a longitudinal data analysis. Ger-
ontology 55: 344-352, 2009.

Ishizaki T, Furuna T, Yoshida Y, Iwasa H, Shimada

H, Yoshida H, Kumagai S, Suzuki T. Declines in physi-
cal performance by sex and age among nondisabled
community-dwelling older Japanese during a 6-year
period. J Epidemiol 21: 176-183, 2011.

Yukawa M, McCormick WC. Culture specific implica-
tions for decline in ADL and IADL. J Am Geriatr Soc
48: 1527-1528, 2000.

FHEHT, Bk —, E BE HELA & B HHK
e, SEARHERE %Kﬁi%ﬁ?ﬂf%’]ﬁ%% 2B ANET iR
ORBNNF OB NHEFHEEHEDO - 0L S
B TeEars) J: U H AN RABT A 3RS, B5: 221-
227, 2008.

EHEF E BIE Ak — SHEE, & &8 s,
LES N ﬁ"ﬂﬂ‘*iﬁ@ D ERT AR R (2 BT A BARIE
BEHWENAT TS T ANORSINE OREME - — N

FHREREEEO - OOREFEER ((BERRS ) L0 -

HACEAEBR SRS, 44: 231-237, 2007,
HE B, EHEEF, A — HHEH, & & ik

T, EES N, SRR %Efﬁiﬁﬁ“ﬁ:mﬁ“% ZBITs%E
FEERRAEEZ OBFRRBIZOWT -NETHEEE
ED0OEERE (BEBRES] L), EK%@E’E
STHERS, 44: 224-230, 2007.

R

24)

. 25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

—5bb0—

&, il Ot &

&, AW, S, TMIG-LISAMZE 7 v—7
ST, & W Ak — i B, MR Hat

N, B, SRk - ST EAEEREICBIT AR
Hoik U)‘lﬁﬁ’ci‘o S OIRGEN AT B 4 BT
D7 HOAIENEES (BEFES D oW TOZ,
H A AR L S, 44 83-89, 2007.

Taniguchi Y, Yoshida H, Fujiwara Y, Motohashi Y,
Shinkai S. A prospective study of gait performance
and subsequent cognitive decline in a general popula-
tion of older Japanese. J Gerontol A BJO] Sci Med Sci
67: 796803, 2012.

Murayama H, Nishi M, Shimizu Y, Klm MJ, Yoshlda H,
Amano H, Fujiwara Y, Shinkai S. The Hatoyama Co-
hort Study: design and profile of participants at base-
line. J Epidemiol 22: 551-558, 2012.

Fujiwara Y, Suzuki H, Kawai H, Hirano H, Yoshida H,
Kojima M, Thara K, Obuchi S. Physical and Sociopsycho-
logical Characteristics of Older Community Residents
With Mild Cognitive Impairment as Assessed by the
Japanese Version of the Montreal Cognitive Assess-
ment. J Geriatr Psychiatry Neurol 26: 209-220, 2013,
Seino S, Shinkai S, Fujiwara Y, Obuchi S; Yoshida H,
Hirano H, Kim H, Ishizaki T, Takahashi R; TMIG-
LISA Research Group. Reference Values and Age and
Sex Differences in Physical Performance Measures
for Community-Dwelling Older Japanese: A Pooled
Analysis of Six Cohort Studies. PLoS ONE 9: 99487,
2014. doi: 10.1371/journal pone.0099487

KIFRZ D VEWEHKEDF = v 7R FHOFET]
TR B9 5 BFSRTE, 1998,
Himann JE, Cunningham DA, Rechnitzer PA, Paterson
DH. Age-related changes in speed of walking. Med Sci
Sports Exerc 20: 161166, 1988.

FAERSE, B, TR BAE, FOLIRE © RIS
B EEE (SOS) O bOFHERE RAZHA
WHERIC X A HE5E, BUF RS, 53: 240-246, 2007.
Yoshimura N, Muraki 5, Oka H, Mabuchi A, En-Yo Y,
Yoshida M, Saika A, Yoshida H, Suzuki T, Yamamoto
S, Ishibashi H, Kawaguchi H, Nakamura K, Akune T.
Prevalence of knee osteoarthritis, lumbar spondylosis,
and osteoporosis in Japanese men and women: the re-
search on osteoarthritis/osteoporosis against disability
study. J Bone Miner Metab 27: 620-628, 2009,
JEILET & — A — . http://www.town.hatoyama.
saitamajp/ (BIEH  FH264E10H30H)

FrHRE KREE—, DBk, BAET, FHERT @
iﬁfﬁ“ﬁmfﬁ“jﬁ@%ﬂiﬁﬁﬁ L EREHE L l/~: y

2 LB SRR RETERI R L OBIR, HARBEES
7, 43: 781-788, 2006.

Wﬁ-ﬁf F 26 FEE B A EE. http -/ /W W8.cao.
go.jp/ kourei/ whitepaper/w-2014/zenbun/26pdf_index.
html (BHEH : PH264 6 H18H)

Newman AB, Kupelian V, Visser M Slmonswk E,
Goodpaster B, Nevitt M, Kritchevsky SB, Tylavsky
FA, Rubin SM, Harris TB; Health ABC Study Investi- |
gators. Sarcopenia: alternative definitions and associa-
tions with lower extremity function. J Am Geriatr Soc
51: 1602-1609, 2003.



T &

Table S1.. Quartiles of physical performance measures by age and sex gfoup k

Physical performance measures quartile lrvels Men Women
Age Overall ©65-69 70-74 75-79 80-84 85 or over Overall 65-69 70-74 75-79 80-84 85 or over
Hand-grip strength, kg 4 (Highest) 36.5 <= 39.0 <= 37.5<= 350<= 31.0<= 27.0<= 240 <= 255 <= 24,0 <= 220<= 20.0 <= 19.0 <=
3 32.0-36.4 36.0-38.9 32.5-37.4 30.0-34.9 27.0-30.9 23.0-26.9 20.5-23.9 23.0-25.4 21.3-23.9 19.0-21.9 18.0-19.9 . 15:0-189
2 271.0-31.9 32.0-35.9V 28.0-32.4 . 26.0-29.9 24.5-26.9 19.5-22.9 17.0-204 20.0-22.9 18.0-21.2 . 1 16.0-18.9 15.0-17.9 12.0-149
L (Lowest) <210 <320 <280 <260 <245 <19.5 <170 <200 <180 <16.0 <15.0 <120
One-legged stance with eyes open, s 4 (Highest) 60.0 <= 60.0 <= 60.0 <= 60.0 <= 52.0<= 440 <= 60.0 <= 60.0 <= 60.0 <= 58.5<= 316<= 11.5<=
3 53.5-59.9 60.0 <= 60,0 <= 32.0-59.9 165-51.9 8‘0-43.5 42.5-59.9 60.0 <= 50.0-59.9 21.0-58.4 11.2-31.5 3.5-11.4
2 15.0-53.4 34.5-50.9 20.0-59.9 9.5-31.9 5.0-16.4 3._0—7_9 12.0-42.4 - 37.0-59.9 16.0-49.9 8.0-20.9 4.0-11.1 2034
1 (Lowest) <15.0 <345 <20.0 <9.5 <50 <3.0 <120 <37.0 <16.0 <80 <4.0 <20
Usual gait speed, m/s - 4 (Highest) 1.47 <= 151 <= 1.47 <= 142 <= 131 <= 1.26 <= 142 <= 1.52<= 147 <= 135<= 1.25<= L10<=
3 131-146 . '139-1.50 ) 1.33-1.46 1.25-1.41 1.16-1.30 1.13-1.25 1.28-1.41 1.39-1.51 1;32-146 1.20-1.34 - 1.06-1.24 0.88-1.09
2 1.16-1.30 1.25-1.38 1.19-1.32 1.11-1.24 1.00-1.15 0.97-1.12 1.08-1.27 1.25-1.38 1.16-1.31 1.00-1.19 0.86-1.05 0.74-0.87
1 (Lowest) <116 <125 <119 <111 <1.00 <0.97 <1.08 <125 <1.16 <1.00 <0386 <073
Usual gait step length, cm 4 (Highest) 74.0 <= 76.0 <= 75.0 <= 720 <= 67.0 <= © 5.0 <= 67.0 <= 700 <= 69.0 <= 64.0 <= 61.0 <~ 54.0 <=
3 69.0-73.9- 71.0-75.9 70.0-74.9 66.0-71.9 62.0-66.9 58.0-64.9 - 62.0-66.9 65.0-69.9 - 63.6-68,9 55.0-63.9 - 55.0-60.9 46.0-53.9
2 62.0-68.9 66.0-70.9 65.0-69.9 59.0-65.9 55.0-61.9 ‘ 5040-57'9 55.0-61.9 61.0-64.9~ 58.0-63.5 52.0-58.9 470549 41.0-45.9
1 (Lowest) <62.0 <66.0 . < 5540 ‘ <59.0 <550 <50.0 <550 <61.0 <580 <520 <47.0 <41.0
Maximum gait speed, m/s 4 (Highest) 217 <= 227 <= 227 <= 2.08 <= 1.92<= 1.85<= 1.96 <= 2.08 <= 2.00 <= 1.85<= 1L72<= 1.56 <=
' 3 1.92-2.16 2.08-2.26 2.00-2.26 1.85-2.07 1.79-1.91 1.72-1.84 1.75:1.95 1.92-2.07 1.79-1.99 1.67-1.84 ‘ 1.51-1.71 1.32-1.55
2 1.72-1.91 1.88-2.07 1.78-1.99 1.66-1:34 1.51-1.78 1.47-1.71 1.51-1.74 1.72-1.9 1.61-1.78 1.47-1.66 1.25-1.50 1.65-1.31
1 (Lowest) <1.72 <188 ‘ <1.78 <1.66 <1.51 <147 <1.50 <172. <1.60 <1.46 <1.25 <1.04
Maximum gait step length, cm 4 (Highest) 89.0 <= 2.0<= 91.0<= 86.0 <= 81.0 <= 79.0 <= 76.0 <= 80,0 <= 77.0 <= 74.0 <= 70.6 <= 63.6<=
3 83.0-88.9 86.0-91.9 84.0-90.9 80.0-85.9 74.0-80.9 72.0-78.9 71.0-75.9 75.0-79.9 72.0-76.9 67.673.9 62.0-70.5 56.0-63.5
2 76.0-82.9 82.0-85.9 79.0-83.9 73.0-79.9 66.0-73.9 63.0-71 9 63.0-70.9 70.0-74.9 66.0-71.9 61.0-67.5 54.0-61.9 ° 48.0-55.9
1 (Lowest) <76.0 <820 <79.0 <73.0 < 66.0 <63.0 <63.0 <70.0 <66.0 <61.0 <54.0 <480
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