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Relationship between daily number of steps and lower-
limb muscle quantity and quality, and physical function in
community-dwelling older adults

Yuya Watanabe"’, Yosuke Yamada®*>, Tsukasa Yoshida>®, Keiichi Yokoyamaz’ -3

Emi Yamagataﬁ, Yasuko Yoshinaka*’, Yasuko Okayamaﬁ, Misaka Kimura®*?

The purpose of this study was to examine the relationship between daily number of steps and lower-limb
muscle quantity and quality, and physical function in community-dwelling older adults. The participants were
282 older adults (118 men, 164 women, 74.6 5.2 years).

The total number of step counts per day was evaluated using a triaxial accelerometer. We used the mean
steps of 14 days for the analysis. The days with step counts <300 were excluded from the data. The lower-
limb muscle quantity and quality were evaluated by ultrasound method. Front-thigh muscle thickness (MT)
and subcutaneous fat thickness (FT) were measured by B-mode ultrasound imaging. In addition, echo intensity
(EI) was determined from stored ultrasound images. Five physical functions, isometric knee extension torque,
vertical jump height, 30-s chair standing, functional reach, and timed up-and-go (TUG), were measured.

The mean steps per day was 6041 +3379 steps (men 7021 +3820 steps, women 5336 £2831 steps). The
front-thigh MT was 41.8 =5.9 mm (men 44.1 =5.8 mm, women 40.3 = 5.4 mm), and EI was 21.7%5.4 (men
18.7+4.1, women 23.8 £ 5.2). The mean steps showed a significant positive weak correlation with MT (r=0.210,
P<0.001) and a significant negative weak correlation with EI (r=-0.281, P<0.001). Furthermore, the mean
steps had a significant weak correlation with isometric knee extension torque, vertical jump height, 30-s chair
standing, functional reach, and TUG (r=-0.261 to 0.350, P<0.001).

This study found that daily physical activity in community-dwelling older adults was related to lower-limb
muscle quantity and quality, and physical functions.

[Key words] Physical activity, Echo intensity, Muscle composition, Sarcopenia, Frailty
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XEHEO—H Y720 OF KL 6041 £3379 2 (J14% 7021 £3820 2%, 24 5336 £2831 #%) Th o7z, F7z2,
KERBTER DA HARIE 1 41.8£5.9mm (B 44.1+5.8mm, M 40.3+54mm), AMEREEIE 21,754 (3% 187
4.1, M 23.8+52) ThH o7z, FIHEK L HHBE L OMICEE 2 IEOTTWHBEERL (r=0.210, P<0.001),
B L OMICHEELRADOTTOHBEEE (r=-0281, P<0.001) 2SEE SR S50, FIREITSER R
MR NV Y, FEBOE, 30 WBFZLbERNVEE, 77227 aF V) —F, TUG L5455 S HE M

MBRE O Z LS Ik o7z (r=-0.261 ~ 0.350, P<0.001).
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HEBEBEDIRTIZ O %25 BB oML & L
T, MOZEHBILLHOLNT WA, TBIEVER (15
~83i%) DR BLORMEZHEHL, BIEH =D
T2 b 2 IEFEACBREE L 7-FgE <t AMAL R o9
A XHS0RITEET, HLBREMEFSINTVRE LD
D, FDHBRBEIIWPTAHZ EDRINTWDS (Lexell
ctal. 1988). L2 L7Z&A%5, BHHIZAEL M2
IR 720 TR 2R\ SBATHIZETIE, D s &
OIS RRAE R DA, Type I #HE O #IRZEM, &
AR D RREL < # Rk O BEAN,  AHRT A9 7 MR i
DOWINRE, B bdbAE L2 i asnT
W5 (Lexell et al. 1988, Rice et al. 1989, Overend et al.
1992, Lexell 1995, Yamada et al. 2010). D & 9 %/
DEMZEAL, &) DI HARNOERE & v o A
B OZAIZEEFERE DAL T R A > A ) B & B
THIEPMENTED (Addison et al. 2014), &
W OBEREHER, MHEICBWTEELEZONS.

T PAE % 535 T & LT, MRIOES
i#F (Kent-Braun et al. 2000) % CT E{RIZBIT 5 H
/539 CT fiE (Goodpaster et al. 2001) % v 72F
ERHMONT V5D, HEILOIFBENL HEE L
TERBHBEREEE /N T 2 HEEIEE S
Twa. %5, HEL CT 2 MRI & W72tk
5 AR B ERAG : & o BRI B OWZE SV — Tz &
DATbITEBY (Young et al. 2015, Akima et al. 2016,
Watanabe et al. 2018), F¥EREE LB H O - % R L
IR L LCHEH SN CTWD, BfTiige i, ik
FED AT (ROER) LML L 72w o F A%
¥<TdHHZ & (Fukumoto et al. 2012, Watanabe et al.
2013) RAIEEAHEBERNICBIT D E— 7837 =R
FAaAL LBV R EDO AR L SBEL T3 2
EDHE SN TS (Rech et al. 2014, Wilhelm et al.
2014). 7o, HEEEEBSN ALV EETH L
MHI SN T2 (Sipild and Suominen 1995, Fukumoto
et al. 2014, Yoshiko et al. 2017).

VAR, IG5 BARIEEIAT A & O B HEHE R R0 1 5 12
FHSLEELWMOMATH D 2 EEHSL TV
b, FOMRPE LT, EHOIr— MIFED, HE
DEENLVIGE, BIETEMENZ L EWELTw
% (Dwyer et al. 2015, Yamamoto et al. 2018, Jefferis
etal. 2019, Lee et al. 2019). F 7z, HHOIIIIHER
7 (Kraus et al. 2018), LI RE (Yates et al. 2014,
Harris et al. 2019), ‘& #7 (Harris et al. 2019) ® ) A
TR EBET LI EPRENTVS, D EoZ L
5, HEORBEOWEMIEE) X7 2T 2R &8
BCEAMMREOBNHEEEZ NS, EBRIZHAE
TlE, ERZBEKESHZ 1H 1058MT5 [ 7T A
10 (574 2013, Miyachi et al. 2015, Murakami
etal. 2015) LRI NTVD, ZO L) ITHEW
BIRIGE) L NOVAMBERIBIE ISR Y 7 4 TIEHT A 2
CAZERC ORI A, HRE O BRI E) R AVE
&R ORISR BRI, S S ICIE B Ak s
IV RBEERIZLTCVELINEHT YV bhro T
WV, FZCARBIRTIE, IS EEE o HE 0B
ETHBERHORE L OVE, EBHERE S OBEL R
THIEERHME L7z EATHIROER L AREIIH)
1oL, BRHOE, ©F D P EEA =R
BRI E B I 2 W 2D, BWEER
EAFMAL LT H AR E A RIZL T b EFHES
NG, LizhoT, mmEOHFICBY 25Nz
BT ERGOREE L HICEICHEE L TwbiTRek
W TaEzohs.
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1. WRE

T L B ARBE AR oE 23 D RN & IS 1S
%L CTESMEEZEE L WESIZFER254E 10
A5 11 BICEE RN 11 S TERS N,
545 OB L7z, 20 b G RkEET— 4
& HIRGEIE T — ¥ ANEARE T BE 7 282 %4 (B 118 4
164 %) HARIFEORRE L L.
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RFZElE, AL ERRFEAGHEERZBSO
RBEGTEML 2 UK#AEFS  RBMR-E-372). &
RBSREN E 4 CIL, M SEMERT ICHTZEMEEE, FIE, V)
A7 EEFHL, TRNTCONRE,SHEBELNTED
FEEY 57

2. (AEHAIE

FEOBEL L TCHEBIUHRELNE L. £
7o, KE % BEOZHTH L T Body mass index (BMI)
rHEM L7

3. BEHEOFHE

HIREEI ORI 2IE S LT, HEOHKE 3 il
IR RN RE B & 5 (EW-NKS2, 785V = v 74,
HA) & FVCEHiMi L7z, INEhEFHIEERNIIAAR S 41,
MERR, A, KikzbxE, &R O HERE CHED
FLEIZEERT B L O FH, KEL7Z.

ARWEFETIE, BAEBEEREIZE HATO 14 HH OF#E48
BaaticHW. s, BT oFEIC - T,
300 XL N O HIZBRA L7259 2 C, 4 HUL L5
T8 % AT LEENRE L7z (Ikenaga et al. 2014,
Watanabe et al. 2018).

4. BEREREZH

A ESEE (Sonosite180 Plus, Sonosite 11, HAY)
AW TRIRATE OB E I B E— FE{RE AL, 7
DENEETH 5 HHME, BHFE0RETHLET
BERFIE, OB Ch 2 B EE 2 570 L 72, WE
T3 AT HFZE (Watanabe et al. 2013, 2018) [Z#EHLL 72,
HIEIAIE B O KRR 50% (FRilGE R E KRG
fl FomE ) e L, VAT BE— FE§%
W L7z, BUS L - BE R g L CRiRE ORhE
B X OHHILE) %O NS TIRIEZFHEL 72 &
B, YA EETOWET—EIRN, JFRE-TO
EHEI o7 HEiE 2 BEDEL Qmm Pl oz
A 3 RS, FodhdErllEMe LT
RL7z. 4 OB IV — 7 ORHENEIC B 5%
WAHEfR % (ICC) B L UOE#ERE (CV) TEhehn
0.991, 1.0% T, B FHRIMIEHED ICC B LU CV id
ZFIF1 0987, 3.6% TH-72 (Watanabe et al. 2018).

FLER L ZCH —BE g S5 W R LYy 7 b
(Adobe Photoshop Elements, Adobe Systems , >KI%)
VT RBE R OF MR 4 E 1 L 72 (Watanabe et
al. 2013, 2018). Fif AN 720 OB E PEEE Lo
FEIRE T KBREFH 2 TTRe R0 SO -8 e L, K
BRIE R DAL OERSY, T b b EReiilidbit L7z, 2
REEAANOFHIEE L0 (B) ~255 (H) OFETE
N7z B, A OWIFE T IV — T OMMER I B

ITA5ICCBLUCVIZZFNFI0869, 54% TH -
72 (Watanabe et al. 2018).

5. EENEEEDFTE
1) SRR
ERMERPRG I TEGIOREE L. FHE
lER (TKKS715, Mrobséss L34, HA) %
T, EEALCIEBIET 90° JE B AL & C O M O %R %
PR R ) 2 M%E L7 (Kimura et al. 2012, Watanabe
et al. 2013, 2018, 2020). FHANFE KRB Z A T2
B9 OFEML, v MEMmE LR Lz Rk
TIE, BUSL72BPEG T (kg) CTFRELZFELC
FERMEREME V2 (Nm) 28M L7 2B, ML
7 DFME OB, 1kg % 9.8N M5 L 7.

2) EHEBPKOE

FHEPOEITY v~ F A — & — (TKKS5406, 11
e LA, HAR) AW THIZE L7z (Kimura et al.
2012, Yamada et al. 2010, 2013, Watanabe et al. 2019,
2020). HFREFHEROL b ZEICEES, RICHE
FE L TAWOHINIT > TR L 72 B < BIE LB
R T o 72, NEFEIIAGDS A IV THE
WCITREZRBR Y &5 Bk L 72, ME I REE AT
2MFERL, SE2AEMEE LTHRILL.

3) 30 MR TAL L At A

TS 7R S, (VD) [HA] OBEx
30 CTMEIKETE A% v b L7z (Kimura
et al. 2012, Watanabe et al. 2020). X 5 & 137 i % g
DRI TS, IR CERNT 72, BERERE D74,
ALY —bhoOEIFFEE LS ICEEERB L. ZOR,
DRIl 22 W5 A R0 TR BE 5 R0 I B BT A5 43712
HRLTCWRWIEERAHE Y Y L anwZ & xfn
A7z WERBUL 1R E L7

4) JrrrvaFy)—F

TrvrTat vy —FRTIINVFORLERE
(TKK5802, Ty ##s L3E4E, HA) AW THEL
72 (Duncan et al. 1990, Kimura et al. 2012, Watanabe et
al. 2020). XFRFIIEMEIZE %2 V72 ZAREETE T
ICEBEBOWMF L, o4 EBE 90° i i fiL#E T
RFEL7: (HIGES). BIFfEREOR, NRFITHS
DY A IV T TGS, S HERE TEARY AT
XL, NTF U AERTIEREETE-HEELE
WLz WEREICE, EFEERENRZ 288 % 7o
Zk WMETRPLEES RV L, FTBETITOR
BUIRND & R 5ME Lz, WEI AR E A
T2 H%ERL, SEZEHBE LTRHALZ.
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5) Timed Up & Go (TUG) 7 &

WA BT OIRE L LTTUG 7 A b &%
L7z, "IREVKET2OIE LY, 3mETAD
Sa— Y FTHE IZa—UEHYELCEDNE
FICHEZ EFTORERBE ANy 77+ v F TllE
L 7z (Podsiadlo and Richardson 1991, Watanabe et al.
2020). WEDEE, WTREZRRY H & X R L.
F7o, VBT HANTEHTH LI L, Eo TS
BNWZ EEREA WEREILIEE L.

6. fRstALIE

FETHRAT X SPSS (version 25.0, IBM 11, >kE) %
HWTiio7z. HHMEPSELNT— 7 O FEE L
A B\ L P = B RAET/R L. SIHEE B OB
BRI 7Y v oBEEHEs HecEI L7z $£72,
AT — % OB LB 36 s o % vt e 2 H v
72, TRCOMETP<005 2FEL L7

M. #R

R1ICHREOHIETF— 5 —Ex2 R L7z, NRED
—H 4720 OFHEEIL 6041 £3379 4 (B 7021
+3820 7k, LM 533612831 #%) THo7z B, A
BT - S TE P H I 13218 H
Td o7z, KBRATH A AAKE (L 41.8+5.9mm (J 1%
44.1 =5.8mm, %P 40.3 +5.4mm), FHHEEIL 21754
(BYE18.7+4.1, XM 23.8%52) ThHo 7. BaoF—
FRRE L2 A, s, BRE, AEIBUETHE
WZEETH 57278, BMIICEERZIBED SN h o
7o, BEEEECE HBErBEECEEICEM

%, FHTIEES X WA ok TF B IS S 2 7R

L7z F72, BAEREIC BV TIE, SRMERME -
7, WBEKOE, 77rovaF V) —FERMETE
BICEBEERO. —, 30BHTILE B R
b NI TUG ICE B BRETFED Nk ro7z.

B 1S L RS 2 & ISR MR & O
R U7z, PR AR & ORICEE 2 IED
SISV BIERAS (r=0.210, P<0.001), FilEREE & D
BICABERADOITABLR (r=-0.281, P<0.001)
PRI NTz. B, BRINTFISRE LB E BT
DOUREMER L2 AR DERIRONZ. Bk
T, PGB E MRS & ORI 357 B OB AR
BB SINTZA, FHARE & OBRICEETIZEO 5
N oz GHHEME r=0.109, P=0.242; FiEeE
r=-0.337, P<0.001). BORIZZHETIE, FHflikE &
OMICEEZIEOMBBMRIED b, MlEE L ITH
BELRBERPBEIN Lo (HHEE r=0.180, P
=0.021 ; f¥EE r=-0.100, P=0.208).

F 2R & KA AAREEIC BT 5 A O
BRI A R L7z, PR BUIERERME b v o,
WEMOE, 30 BT Ib LR VEH, 7727 v a
TV —F, TUG LFFV s b A ELRMHEEGRE
FoZ LMLk o7 (r=-0261 ~0.350, P<
0.001). %3, BLHNTHH L TH RO RIES
niz.

R1 WREOFHERE, TS, BERECKDFTMERDIUSHFHEEE

. All Men Women
Variables (n=282) (n=118) (n=164) Prvalue
Age (year) 74.6 £ 5.2 753 £5.4 74.1 £ 49 0.046
Height (cm) 156.3 += 8.6 164.0 = 6.0 150.8 = 5.1 <0.001
Weight (kg) 55494 612 =83 513 =78 <0.001
Body mass index (kg/m’) 226 =30 2277 £26 22.6 £33 0.729
Daily number of steps (step/day) 6041 = 3379 7021 = 3820 5336 * 2831 <0.001
Muscle thickness (mm) 41.8 £59 44.1 £ 58 403 £54 <0.001
Subcutaneous fat thickness (mm) 10.7 = 4.6 7.8 £24 12.8 =47 <0.001
Echo intensity 217 54 18.7 + 4.1 238 =52 <0.001
Knee extension torque (Nm) 113.5 = 40.1 142.8 = 40.3 91.5 = 21.6 <0.001
Vertical jump height (cm) 222 77 26.0 £ 8.3 193 =57 <0.001
30-s chair standing (numbers) 233 £6.2 22.8 £ 6.0 23.6 £ 64 0.363
Functional reach (cm) 385 7.1 39.8 7.2 37.7 £ 6.8 0.014
Timed up-and-go test (s) 6.8 1.5 6.7 1.7 6.8 1.4 0.393
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B1 ABRATEBORGEMIES KOTHEE S TS OBk

K2 MHISHEBSESFHEEDHRRRE R

Daily number of steps

Variables
All Men ‘Women
Knee extension torque 0.350%** 0.286** 0.205*
Vertical jump height 0.291%%** 0.198* 0.232%*
30-s chair standing 0.232%** 0.276** 0.245**
Functional reach 0.232%%%* 0.194* 0.217**
Timed up-and-go test -0.261%** -0.298%* -0.209%**

* P <0.05, ** P<0.01, ¥** P <0.001.

V. E%8

R, HISEAEERE B2 HEOSHKE 3
B B RN EE B E AT CMIE L, B IR TR L
T RCERHORNESR (HHRE) B X OENESR
(FHERE) & oM 72 & NI & T B (kAR RE & O B %
WarZ e BWE L7z, ST ofER, HEEGIIBIT
DIREIIARE & BB IEOMBIRRE, AR
BFRELZAOHBMREET LI LA REN. LAl
S, BLINIAHT B & B CTIIME & DRI
DI, HETRGHEBE & OB D AEE %R
Blgsn, AT, HEOBRPE ERMEBME NV
7 7p KA B A RE & O IZAE B BB RASERD
bz, 4B, FHEHGHEEERICOVWTIIERE L

BOBERTHo72. INOHOBERIE, BEETIIHE
DHRIEBEDS TR OERH O, H, ikl Er
FAFF T EZEFRL TS, 72721, Hon MR
B U T TH D, B b 25 FEHIZR LT
KEBZDDTIE R,
FATHZECTlE, HlE ~OEEN T ADEE T mR &
BAEBEDOUCEITIN R, B AL & SO 2 i e
ORI T4 TRENEZD LT IENREINTND
(Sipild and Suominen 1995, Yoshiko et al. 2017). Z®
ZENS, TAREREDODEIZB D GRIGEED
TIRE R OIRBE AT S 2 O BE F F0 & v ) I
AT, TNEZFTLHERPEN. F72,
Osawa et al. (2017) 1%, 108 % (B 524, ik 56
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%, 903 1.45%) OBRUIEEE OEE R & KRR
OFAEB L UCHBEOMRETHEL CVD. 20
W Cld, WE ClE R ES R SEEL Lo g
RIGEN S BHICHET 22 EAVRENTWS (Osawa
etal. 2017). AW TIX, MHMRED SR ELEELH
BAEFTDHEV)ERERPELN T, HERED
o LA R 1 FE R R/ & W (FALARIE r = 0.210,
FMERE r=-0.281). L7205-> T, Mi#liRE I L~ApsE
BEOFHHEDOEE L LR BT 2 & v ) sy
5, MEROHMEIFAMETH L EMMTE L. [Fim
ERRRIE O BRI - LR RS S e o 72
BRI REOER DD L (RIfFZE 74.6+5.2
%, Osawa et al. D¥#E 903 +x1.45%). —F, Lo
EBY, HEIIBU 2855 L KRETE O 5 HRE B
SO L OBEEIZBE L TRR-TEY (K1),
BRI AT T B E M5 O IRRE I T35 B T P2
5T EDIRES N Fukumoto et al. (2014) 13,
LR BSERE (534298 /) #xt%E Lzsr
ARFRICEY, SEETITHIL I AT VAL —=
TUHHEORBERWEE DT I EEREL TV
5. COHMREEHREICLTIZO S I L ICRRMmEIL
HDHDS, HEICB D EMEDFEEBOREHL T
B DOFFPIRLEN AT S D E RIZL TV 5 DN
b Lz, REfFECHW2iGEi NI EB O R %
ST AZENTERVOMEIICE EE 505, HE
HETEIZ BT B BATENEDSSARII e CBIE S % L B
HELTWALHREMEYNH S, T2, AWML TIITIRON
TR/ 8T —, Y ]S % 5 THE O SRR RE
TEZE L7275, HEOSRBIITRCOEHE L AE
7 AHBIRAR & FRD 72

Caspersen etal. (1985) 1%, HKiGE %, =4V F—
HEZE) BRI > THEAN SRS 5W B HE
MREEL EFRL TV D. B, HRAAERE (World
Health Organization: WHO) ¥ RO EFZHER LT
W3 (WHO 2009). HFRIGEIEFHO T— )L FA ¥
V= FIREEHAKET, HEENEETICB T
BIANF—HERZ KDDL Z LB TE D (Westerterp
etal. 2013). Yamada et al. (2018) |, Eils#& % x 512,
B BRI TRO 1 BARIEEN L NV L R
EOHBEEREET LI EE2MELTWES. Z0720,
BB HREHOEL X OREOTNTE MY 5 b
DTIE VLD, FEiEOHEAT T O REHE
T AN GIEED 1 DEEL SRS, Doz
L, RIFFEORRIL, G55 FHREEH EEE O
THEERHOERLE, SRR O R0 5 T
HHIEERETLHDE VRS,

HATIE, fEEMERE, B2 Tl 5 % SRR E)
1 H108M3 5 [75 210 (E457%4 2013,

Miyachi et al. 2015, Murakami et al. 2015) %34 < 3%
ENTWD. ZTOX9) % FHRIEEE ORI &
WKBIFL27LANVTFHICAENEZEZLNL. 7L
A IVEEE ORERIL, B THEITRMPENZ &
R FIREE R Z LW & TH S (Blodgett et al.
2015). Yamada et al. (2012) &, E&EFT% AW/
6 NAHDY + —=F 2 7 AICE, BEEOHEBAK
TRICHIN$ 2 & & SICTREKHRS L OHRITIEN
PHEBICWET A %R L7z 72, Watanabe et
al. (2020) &, WHEIEFTZ AW HEOSEE MO
&2 &2 & EET 0T T AORBEES A X
D, MR SRS O TREEH RS & O S FHERELs
AREICUET A emi Le. 26 0mEIHD)
BOWMEIRT7 70 —FORMMEERTLDOTH
5. AWIRIZE D BESNHRIZ I NS DA ARZED
45 (Yamada et al. 2012, Watanabe et al. 2020) & &
LIS, EilE OBESCER & Lo B RGEIE OB
DEZEWEZEMNTLODOTHSL. /2L, HEh=oH
TR B O=SLE, FEREROUGERIRITIL
TRELGWI ERBBTHERETH L. T amt
KRR R %2 KD B 561, B IZEREN
WHEOOHEMA L LV AZ VAL =2V 7R
R PR— LV ERE L L. L2 T, i
B BINEEREOHERIE 7 LA VRV IRZT OF
i & & S 25007 B EZ NG,

V. &

AWFZEIC XY, HISTE S E O HE OB EATT I
RGO, EMERB X OSEERGE R
I EIRENT: T2, BERFEEESHOEMNESR
BLOBENERDS BT TR L TR 5 1 REMA
RS N7,

NRET Bl R eSS, BEME LIV TR 4 B IRTEE)
IT9 S EDHEREN TV B DY, KIFE ORI 5
BHERMRE L RGBS OENELY ZFHT 5D
DTHbH.

HiEE
RIF7e1d JISPS BHIFE 15K16531 (4 % B) B L U4
e R ARG HIEA SR (5 32 MIBEFREDD
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