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Abstract

Background: Exercise training induces various adaptations in skeletal muscles. However,
the mechanisms remain unclear. Purpose: Therefore, we conducted 2D-DIGE proteomic
analysis, which has not yet been used for elucidating adaptations of skeletal muscle after
low-intensity exercise training (LIT). Methods: For five days, rats performed LIT, which
consisted of two 3-h swimming exercise with45-m rest between the exercise bouts. 2D-DIGE
analysis was conducted on epitrochlearis muscles excised eighteen hours after the final
training exercise. Results: Proteomic profiling revealed that, out of 681 detected and matched
spots, 22 proteins exhibited changed expression by LIT compared with sedentary rats. All
proteins were identified by MALDI-TOF/MS. Conclusion: The proteomic 2D-DIGE analysis
following LIT identified expressions of skeletal muscle proteins, includingATPsyn a, UQCRCL,
dihydrolipoamide dehydrogenase, dihydrolipoamide acetyltransferase, that were not previously

reported to change their expressions after exercise-training.

(Jpn. J. Phys. Fitness Sports Med, 60(5) : 511~518 (2011))
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R, —@EOKKEE 2 ETHRALHTHHIH LS
YRTBEOBRLBEIN TV, LiLes
b, TNLOMETIL 2 RITESIKEN BT 5 BT
HEPHRYTHY, BREHDOS VX7 BEORIER
REAEROFEMICH L CRESRD o 72,

W, 2RTBEKEORERE LT, #bES
T4 77 LYYy VA IVERIKENE (2-dimensional
difference gel electrophoresis ; 2D-DIGE) % F\ 7>
MEFEHLTWE, CTOYATFATIE, ¥/57
BY Ve BRIKEENCELE#R T A 2 LIk
D, MELRY VX7 EORBE S NVHOKEIERE
PREIN, 2KRTERKBEORFTH72FE
B, BHENELIBMLELALY, Rr3RE 2
D2D-DIGEZ W T, mME - @RE L —= >
27 (high-intensity intermittent swimming training:
HIDWEY Iy VERHTRATE U437
ARAT " D TR AR, NDUFS]1*°parvalbu-
minZz &, INETEE ML - 7L BEHESE
WEBRAEHOREN ZEN TV olzy v I3
EORZBIERII LY., —HTHRAIL, KB -
ERFE KK EE) b L — = ¥ 7 (low-intensity pro-
longed swimming training: LIT) #4795 Z &12& D,
BREH CHERLD AAARIREE L BRVBARDH B & /3
BTHAHEBMBEARCLUTAOFER L, I ba v FY
THEDOY - —Thb o7 TV BEERESR(CS)IE
P EDBRBICHEMT 2 2 L 2 HE LT\ 587,
L L%d’s, TRET, I bary N 7OBR{LR
BZEORFAEEMZECEH ML —= V7T 5
BIEHOBICHEFEMZEICAVO N TV B REERR
MbL—=r71ZBWT, 2D-DIGEIC L%+ L —
=V TEEHD S V8 BOEENERBITIIZ N
FThbhol.

#ZC, AR TIE2D-DIGE® A\, (KR -
EEE M —= 0 Lo TEBEHT L5 V82
B DHEFERIIAT 2 e L 7.

I. 75 P2

A. BHBEEMG

EEREI W & L T 48 i (k E70~80g) D M T
Sprague-Dawley % v b2 HARZ L 74X D EA
L7z, v MIZER2+£2T, BEOX5CIZEN
EBEEICC, EREYHABRESA(HARZ L TH
B CE-2) BLUHAIKET BHENS YRS HHE

L7z, 2612, EEMW T 3 RHOKKESR %455 D
WEZRAT2 £y MTHIERE - REFREIKIKIEE)
b L — = ¥ 7 (low-intensity prolonged swimming
training: LIT)# &, JEEE#H L L TREF — VI
ANTBL 3y ba— L (CON)EED 2 BIZ5LY
DEEAIZTT 72,

ARG IIE AT BOE NE SRR - SREFFET R EE
ZEETOFEERLZ, EMAFELZETITbNIL.

B. BEIZO NI EFHY > TILERE

Py 7EEIEER LS HBEL, 1H
1 EDOEETITo 72, OLBEED KR INT VIZKE
45cmFE T35 1T DEAKE AN, LITHEDT v M
xF LA T 3 R OKIKER) % 455 DIREE 2 $e A
T2k MERBOD)IThE. T v MI6ILRERE
WD, ZDXHTTHIEITLY, 1ZIZFE—
DEFEXKADT v MIHERTHLZ EDTWEEE %
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FrLeNTVIiZoy b2RBL, KKEEZ KRS
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D7 v MAEIN0gH 72 ) SmgDRY PNV E F —
Voo F MU T AR YT Y — VIEEE E B S LR
Be L7212, BIBE C & %15 E L% (Epitrochlearis)
R L7 BHE R, EHEMEENM (Typel
fiber: ~90%) T&H O, REFFETHWKIKEE +
L=V X o T OBEBHPHE SN Z & 28
e oMFETHREZIN TV Bl LB~
TIIIHEAEERICTHRE S &, 5 T-80C TH
FL7-

B SN2 E E#5E, RIPA buffer [50mM
Tris-HCI pH 74, 1 % Nonidet P-40, 0.25% sodium
deoxycholate, 150mM NaCl, ImM EDTA, 1mM
NaF, ImM sodium orthovanadate (Na;VO,), 2ul/
ml Protease Inhibitor Cocktail] TKHIZTHREY
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FAXL, BLBOLEEZT IV E L B
Nz 7oy o3 EE132D-Quant kit (GE
Healthcarett#) I CEE L 7=,

C. BT+ 77 LY RAFIN2RTERXE
(2D-DIGE) & Elf&E#4h

2D-DIGE i3 GE Healthcarett® 7't b 2 V12t -
TITo72. 5 VT EY v T VidE B ZE(CyDye
DIGE fluor minimal dye) T& 5 Cy3, Cy5iZ & U BEfF
T30 M, K TR L7 (50 ug protein/400pmol
dye). 72, NEHEEL L TIRTOF Y IV E
EETORELIZDDECy2HEBBETIER L.
B LY iz 77— [7TM urea, 2M thio-
urea, 4% w/v CHAPS, 24% v/v DeStreak Reagent,
1% v/v IPG buffer pH 3-101% M L 7%, EE
{LpHA B 7 VT3 AIPG Drystrip [24cm, pH 3-10,
linear (GE Healthcarett) NZ#iN L, IPGphor 3 Iso-
electric Focusing Unit (GE Healthcarett) # BT
EEHBERIKE 1T o /2. &IZ, Ettan DALTsix
Large Electrophoresis System (GE Healthcarett) %
RAWTHFEIZE S 2IRTE DUkEN 21T o 72,

BERIKENE, Typhoon 9400 scanner (GE Health-
careft) 12X 0, F#NZNCy2 Cy3, Cy5D K&
R TET V2100 umDFERE TR AAZE.
%M IZ, DeCyder V. 50 software (GE Healthcare
) HWT, BETOHE T T 7T 2HES TTo
7z (Marouga et al. 2005; Karp et al. 2004). Differen-
tial In-gel Analysis(DIA) 3B X U¥Batch Processor-E
Va—= VLD ARy MR, EEBTETC, &
#2912 Biological Variation Analysis(BVA)EY 2 —
Ve W TATEET Y IV EN L7227 VEO X
Ry b=y Frr7BLUEEEOEEEIL, Student's
t-testiC L A EEEREZIT 072,

D. 2>IX0ED M) T2 2L

FImm*OKRE SITHEKBSVOARY bR H
L, Shevchenko et al'V DR —EMEIE LTS ~
IO BDTNVREIL R T o7z, & LT B OTEAL
BERe LT, MY 7Y rEw125ng/ul sequenc-
ing grade modified trypsin (Promega#t), 50mM
NHHCO;, 5mM CaCL1% % ¥ 7 V7 VI L,
KETA vFax—arLiz S“VATHLESN
727 F Fid20mM NHHCO;, 5%F8/50% ACN

Bz HWTEL, Z ORI 72 3 % Speed
VacTig#E L7z,

E. B85 £ PMF (peptide mass fingerprinting)
EICEB L2 NTBORIE

Boni-~TF Pz L, ZipTip u-C18
Yy b5y 7 (Milliporett) % B v C Bl e AL EE %
To7:. HEHHH# 13 Voyager DE-STR (Applied
Biosystems#t) & Fiv®, matrix-assisted laser de-
sorption/ionization-time of flight mass spectrome-
try (MALDI-TOF/MS)f##t #4707z, % V50 &
DIEAZEIZIE, Matrix Sciencett MASCOT (http://
www.matrixscience.com) % FIf L 7.
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L7ZPVDFX 7L ik, —RPLfE% 5 %A F 4 3
VW TAC—M7 0y X7 L%, 2 k¥ifk[HRP
anti-rabbit ; parvalbumin, F,ATPase(ATPsynf)]
z Zim605 FUGL 24, ECL plus(GE Healthcarett)
TSI TNy FEBH L7

BIFRIR L7 fEIE T - ERFETER L.
2HDEDREIZIEStudentd t REF AV, &k
RE %R EHEAEL LT

m. #% R

KFREE - RIGHIKIGES) b L — = ZBE(LIT) &
aryha—VECON)T, v MEEEFHIZBW
THERBELTWE Y V37 E%#2D-DIGEEIZ X o T
TAT7 VLU NVERET IR TS
VTHL000A R v MRS, FOHTESIAK Y
FETRTOFVHE Ty F LTHREENZ. &5
I, BETIICE B I3MELL LB L - A Ky
M22EFEE L2 (Fig. 1). T?H 5, 192Ky b
DEHEIL, &Y D3 AEy bAEHRES L Tw
7z, € HIZMALDI-TOF/MSIZ X - T19fE D ¥ >~
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Figure 1. Epitrochlearis muscle protein profiling by 2D-DIGE. A typical 2D-pattern (Cy2-labeled) gel

image of a 50-ug protein extract separated in a pH 3-10 IPG strip in the first dimension and 125 %
polyacrylamide gel in the second. Automated image analysis by Decyder detected and matched 681 protein
spots in single-gel images. Differential analysis of the epitrochlearis muscle extracts after low-intensity
prolonged training (LIT) and control (CON) extracts, revealed 22 differentially expressed (p < 0.05) spots.
Identified protein spots were labeled with numbers as they appear in the MS list (see Table 1.)

X7 B DOREIZED) L7z (Table 1.).

FE L8 v EDH L, RERy /37 E16
EOFBEIBEM L. Fbid, I baryFUTE
F5EREEZ [ATP synthase, H+ transporting, mito-
chondrial F1 complex, alpha subunit (ATP synthase
a subunit; spots 374 and 358), ATP synthase beta
subunit (ATP synthase f subunit; spots 414 and
413), ubiquinol-cytochrome ¢ reductase core pro-
tein 1 (UQCRCLI; spot 471)1, 2 +a >~ FY 7EEL
S [oxoglutarate (alpha-ketoglutarate) dehydro-
genase (lipoamide) (OGDH; spots 142, 146, 145, and
144), dihydrolipoamide dehydrogenase (spots 361
and 365), dihydrolipoamide acetyltransferase (spot
288)], RERhRAEE & VI3 U E
protein 3, muscle and heart (spot 1024)], V)

Z [fatty acid binding
v TR
-7 AING FUEY ¥ b V[Cytosolic aspartate ami-
notransferase (spot 583), malate dehydrogenase,
mitochondrial (spot 754), malate dehydrogenase 1,
NAD (soluble) (spot 741)1TH - 7.

— 7, I#ER % >~ 737 B [striated-muscle alpha

tropomyosin (spot 735)1%, % ®ff[parvalbumin

(spot 996), Chain 1, Refined X-Ray Structure Of
Rat Parvalubumin (spot 1042)1® % > /37 B D EH
A L7z,

2D—D1GEWR DOREREERT B 720, LITHIC

BICRHAEE L2 VXV BRI ITAY 70y
MM L 72 (Fig. 2). ZD4EH, ATP synthase B
subunit, parvalbumin®d 7T A% ¥ 70y METIZ
& V) 2D-DIGE#AT & [FAR A RASHERR S L7z

RO D2D-DIGESEATIC X ), KFRE - RIFH

EBH P -V FLIDRICENRT 2L DER
By VNI ERNOTCHLRE o Ty ME
HEEHIEBWTEHEALTWE Y VX2 ED ) b,
2D-DIGEIZ X o TE3L ARy "I TRTHOFNWVET
vy F LTHMHEENR, ThiE, Be DT To 75847
WD ARy M3 S00ARY M EFL LT
HrY Trbb, BEOREHECBBEIZE
eIl X BZBEER L 2 RTTESIKE & Wz tio
e L ) 5132 I RHEDSK & W2, Burniston”
DT TFF—LETI, Ty MZBWTHEE
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Table 1. List of DIGE-identified proteins with a changed expression level following low-intensity prolonged training

(LIT) in rat epitrochlearis muscle

Protei . Master Molecular Isoelectric Sequence Average

rotein function . . . . t-Test

(Classification) 0. giNo Protein name mass point coverage ratio Vy/Vg p-value
LI (kDa) ()] (%) (Fold change)

Metabolic prtoeins 874 149029483 ATP synthase, H+ transporting, mitochondrial F1 complex,  54.6 8.2 27 1.79 1.80E-04

alpha subunit, isoform 1, isoform CRA_d
358 149029483 ATP synthase, H+ transporting, mitochondrial F1 complex,  54.6 8.2 32 173 8.40E-04
alpha subunit, isoform 1, isoform CRA_d

414 1374715  ATP synthase beta subunit 51.2 49 25 1.33 6.60E-03
413 1374715  ATP synthase beta subunit 512 49 25 131 1.80E-02
471 51948476 ubiquinol-cytochrome ¢ reductase core protein 1 53.5 5.6 20 1.30 8.70E-03
142 62945278 oxoglutarate (alpha-ketoglutarate) dehydrogenase (lipoamide) 117 6.3 17 1.53 6.50E-04
146 62945278 oxoglutarate (alpha-ketoglutarate) dehydrogenase (lipoamide) 117 6.3 22 1.43 2.30E-04
145 62945278 oxoglutarate (alpha-ketoglutarate) dehydrogenase (lipoamide) 116 6.3 12 1.42 1.50E-08
144 62945278 oxoglutarate (alpha-ketoglutarate) dehydrogenase (lipoamide) 117 6.3 22 1.37 4.00E-03
361 40786469 dihydrolipoamide dehydrogenase 54.6 8.0 24 1.46 3.50E-04
365 40786469 dihydrolipoamide dehydrogenase 54.6 8.0 21 1.38 1.00E-03
288 220838 dihydrolipoamide acetyltransferase 57.6 5.5 11 1.31 7.50E-03
1024 13162363 fatty acid binding protein 3, muscle and heart 14.8 5.9 33 1.55 1.40E-02
583 220684  Cytosolic aspartate aminotransferase 46.6 6.7 36 1.39 7.10E-04
754 42476181 malate dehydrogenase, mitochondrial 36.1 8.9 46 1.30 4.70E-03
741 15100179 malate dehydrogenase 1, NAD (soluble) 36.6 6.2 31 1.30 1.70E-03

Contractile protein 735 207349 striated-muscle alpha tropomyosin 32.7 4.7 40 -1.36 9.40E-03

Other 996 11968064 parvalbumin 11.9 5.0 79 -1.32 5.20E-03
1042 494573 Chain 1, Refined X-Ray Structure Of Rat Parvalubumin, 11.8 5.0 53 -1.32 2.00E-02

A Mammalian Alpha-Lineage Parvalbumin,

At 2.0 A Resolution

* Vg/V¢ indicates the value ratio derived from the normalized spot volume standardized against the intra-gel

standard provided by DeCyder software analysis.

(70~75% VOspeak), 30%/H, 4 H/#E, 7 BEOE
ITEB) M L— = 7%, RIEH (plantaris; HAHRRAE
B CREEBLAI b ay P T8 v sEi
TCAIBEE DEESZ Cd Aaconitase 2, succinate CoA
D#H(2 spots) ThH o 7z, KIFFE &L DFERDE VI,
Burniston® ® 58 T 13 B O &\ WCBBY: 4 & UV
FO2RTESIKENEEZFHL TWE I EHERE
ErAbbd., F7o, BEBEHFICELTE, BELR
ITEARBFFEDIE ) BT & 0 & s i 24
DEWVWIEIEFEEDO—D2ELTEZLNLD LN
2\,

SMIAVFYTEFEEREEZTH HATP
synthase o subunit, ATP synthase S subunit,
UQCRCL, 2 ha¥ Y TER{LREESR Té 5 OGDH,
dihydrolipoamide dehydrogenase & dihydrolipoamide
acetyltransferase, 618D ¥ /37 &%, CON
BRIZHA~F EICHL3~ 13 FE T L 72 (p<0.05).
ZD9HH, ATP synthase B subunit, OGDHIZDW:
TIEINFE TICEE L — = 7 CEINT 5 HEDs
B BHEW  ATP synthase 8 subunitidABFZETO >
IAY 7y MEFTHCONEE L WRLITH CH

BIZEBMT 5 2 & 25 L7 (Fig 2A).

ATP synthase a subunit, UQCRC1, dihydro-
lipoamide dehydrogenase, dihydrolipoamide acet-
yltransferaseld# O CTEE) b L — = > 7 THEII§ 2
ZEWRLNE RS I bay N THETI,
MRS RS 2 BEH(I ~NV) 2N L CET #(&
EL, THIEHEVELZ 7o by (HY)REGE %
MALTEEEVICE Y ADPASATP* AT 5.
UQCRCLiZ, UQCRC2L EBDIZEF R b ahc
IESHRRET L OB ERBREAA M 2 KT
A2 72y bThY, UQCRC2IEE b L —=
FCRBEMT 5 I EPHMESNTWEY. ATP
synthase o subunitiX, ATP synthase f subunit
EFCCADPEFEE L CATPE ALY A HEER D
ODBRFmEREREGRVOBRT 2722y b
THb. bbb, LITKL->TI aryFYT7E
FILERBREEGHIL, VEERT LY VX7 BN
TNENKHEEIML, COZO0BFEEREEZE
EHOFEBRPEINT 5 Z MRS N

Fatty acid binding protein 3, muscle and
heart (FABP3) (3, LITE»SCONEEIZ ~FHEIZ155
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Figure 2. Western blot analysis of selected muscle proteins following low-intensity
prolonged training (LIT). Identical immunoblots labeled with antibodies to F;~ATPase
(; ATPsynf) (A) and parvalbumin (B). ‘* and “*** indicate significant differences
from results in the control group (CON) at levels of p < 0.05 and p < 0.001. Values

are means £ SD for six muscles.

BRBEML 7 (p<005). 0¥ 37 &, BE
BB - LS VIl o TRBEEMTAZ L
BHENTWBEY, Thbt, LITICX > TERG
FABP3DSEHEAHEIM L, HEREARNRDOILY ;A A
IS A RESEZER S5,

Cytosolic aspartate aminotransferase &, malate
dehydrogenase 1, NAD, malate dehydrogenase,
mitochondrial2¥, LITH# CCONFEIZLREZFIZH
13~14F%BEM L7z (p<001). EFFL—=
FICHLT, IhOoDOBENENT LI LITEE
HESNTWAEY, ZhooBEREIR, I bar
FUT7HONADHO = # V¥— (BF) %, BEFE
ERTCTHHETADIZI bary FY 7HANEET
HXE D) VIR -TANTF VBRI v bV
(MA shuttle) IZB8$ A% Y30 BETHAH. Tiab
5, LITICE D #HOMA shuttlelZBib 5 BER 5
BEMLI PO E RS,

IHER & > 787 & T & Astriated-muscle alpha
tropomyosin®®, LITH# CCONEEIZH~_AF & 121.36
B L7z (p<0.01). Tropomyosin( b T8 3
FVVET I F Y EICFET A VNI ETHD,
FEERZVICHEE L, BIREOHIENICES L T\wa.
FEHTIE, AR TEHESN 0 PERI ATV
ERBIERIFIVVDLBEDOTA V74— 20D
D, EEHHRMEICHETEGHMETIZa Y1 TOREH
ENEL, a/BORTBRI LML TVSY,
Thbb, LITICEsTad A 7O MaRIF TV
DEBREVWA LoD, EHGHEELTH HIFHE

EHTORBMERRDOEIC L ZDH s Ltk v,

AWFZEIZ £ Y, LITE CTparvalbuminZASCONEE |2
HARBEICLRZBREIAED L7z (p<001). 512,
CORERIEITIAY yTay MR TLHER SN
(Fig. 2B). parvalbuminid, #HBZIZBET 251
KEH N BFEEY VST ETHY, BHRGIZB
WTIREFHME L L _EHEME CHRBEICHEET
B9 L7zhoT, ARORERIT, KREDES
L= 7 X BHBMEREROEIC L A b DL
Ezbis,

EBRIZBEERBHICEEL T3 % 87 Eid50000
D EEHE S NDD, RFECHEBASHEINZD
310002 Ky PREETHY, 3 ba— VL b
L=V TS v F  TORER E N2 D I13681E
DY IINTETHDL., LIzBoTC, K7a57+37
AEIETRTDY 3 B @I TETw
v, ZL DIV Y FEBTHRESNLTVS
GLUT4R 7 T VREMBEED L ) 7 ¥ V37 E I,
AEFFECTIIHER R ZOELOHERET A LITTE
Bhrolz, TMEIZRITERKE T Bvi-7a 74
IVABEORFATHLEEZ LN, 2L DT I8y
ERZRTTBERRI T VP LEGE L TV 5 L HEE &
na5.

THTEF I AEERWT, EREAKKN L=
TR K ) BBEENEAL L BB S 37 B
W, BRI SN, PP AFTEER S V57
BlizowT, TRy ry7uy VEEFREWT, Ju
TAITABEONY F—=va veitol. 5%,
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FHEPFICAYKE, TTA5 70y MEIZLS
W) TF—=2a v elfT) LWERH 5.

AR CHERBERFMESH ML -7 L
TKIGEE Z BRI L7z, KEGEEN I BRI K I
BAKSTHIELD, BE)ORELKEDEENM
Do THhBLAREMENH L. L L, FEERKKER
M= VLR - RIREDOKENI ba v
FOT SR BEOFEIIEEYS 2 5 LS
1L b peroxisome proliferator-activated receptor y
coactivator-1 a (PGC-1a) DmRNADIEHE 2K
BPREL S TR I EPFRESNTVEDY, F
7z, FEBOKETT b aVic X YGLUT4AR U b
AYRUT DY T BEOEBED RN & b
BLTBY RER), 22l dbIol)leto
BIEH S V BEBOEE, KETIER L, K
ML= TIZEBETHEEEZ LN, &
R, KEBIZLHEHEY /3 BRERAOEILZEHE
THERIMEELYERL T, KEOEELALLED
HHLEZLND.

¥R OKIGEE)IL, WhWAA ML AR
EREWIIG 2, TOEEVBERHOTOT L — A
WEBEZSZHWMRErHA. LirL, AFELE
BRRRIKEK b L—= > 7z X ki EENIZ X W EFE
SN VERE (7Y FMERBTHE LT 2F)T
i, BIESNAHTHLEELHTREASRONS
GLUT4®RPGC-la DEBEVPRD LN TV nWT &
REPLY AN LR BAGWRDEEIC
L BB IIRENTHS LHEH I NS,

V. & & &

ARG XY, R - REFREKKE D L — =
VIBRDEEHDOY S BREEOELE SO T
FI7AFE DR LI-E 2B, ER,
FATIRIC L D |MED NI ba vy F) 7TEFEE
AR TH HATP synthase a subunit, UQCRC1
EO, I bay ) 7ERAGREESE TH Adihydroli-
poamide dehydrogenase, dihydrolipoamide acetyl-
transferase® B C2E D ¥ VNV BEORBEEDE
ALHSERD 67z,

5 B X #®
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Abstract

Objectives We evaluated anthropometric parameters and
physical fitness in elderly Japanese.

Methods A total of 2,106 elderly Japanese (749 men and
1,357 women), aged 60-79 years, were enrolled in a cross-
sectional investigation study. Anthropometric parameters
and physical fitness, i.e., muscle strength and flexibility,
were measured. Of the 2,106 subjects, 569 subjects (302
men and 267 women) were further evaluated for aerobic
exercise level, using the ventilatory threshold (VT).
Results Muscle strength in subjects in their 70s was sig-
nificantly lower than that in subjects in their 60s in both
sexes. Two hundred and twenty-nine men (30.6%) and 540
women (39.8%) were taking no medications. In men,
anthropometric parameters were significantly lower and
muscle strength, flexibility, and work rate at VT were
significantly higher in subjects without medications than
these values in subjects with medications. In women, body
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weight, body mass index (BMI), and abdominal circum-
ference were significantly lower, and muscle strength was
significantly higher in subjects without medications than
these values in subjects with medications.

Conclusion This mean value may provide a useful data-
base for evaluating anthropometric parameters and physi-
cal fitness in elderly Japanese subjects.

Keywords Elderly Japanese - Anthropometric
parameters - Muscle strength - Ventilatory threshold (VT)

Introduction

The proportion of elderly people (over the age of 65 years)
in Japan has increased and this has become a public health
challenge in Japan. For example, in Japan, 28,216,000
people (22.1% of the population) are reported to be over
the age of 65 [1].

It has been shown that obese subjects have a high
mortality rate [2] and have associated atherogenic risk
factors, such as hypertension, coronary heart disease, dia-
betes mellitus, and dyslipidemia [3, 4]. In addition, Sand-
vik et al. reported that physical fitness was a graded,
independent, long-term predictor of mortality from car-
diovascular causes in healthy, middle-aged men [5]. Also,
Metter et al. [6] reported that lower and declining muscle
strength was associated with increased mortality, inde-
pendent of physical activity and muscle mass. In order to
provide proper management and control of anthropometric
parameters and physical fitness in elderly Japanese, precise
assessments of these parameters are necessary. However,
the evaluation of anthropometric parameters and physical
fitness still remains to be investigated in elderly Japanese
who are not taking medications.
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Therefore, we evaluated anthropometric parameters and
physical fitness in elderly Japanese and compared these
parameters in subjects with and without medications.

Subjects and methods
Subjects

We used data for all 2,106 elderly subjects (749 men and
1,357 women), aged 60-79 years, among 16,383 subjects in
a cross-sectional investigation study. All subjects met the
following criteria: (1) they had been wanting to change their
lifestyle i.e., diet and exercise habits, and had received an
annual health checkup between June 1997 and December
2009 at Okayama Southemn Institute of Health; (2) their
anthropometric, muscle strength, and flexibility measure-
ments had been taken as part of their annual health checkups;
and (3) they provided written informed consent (Table 1).

In a second analysis, among the 2,106 subjects, we
further examined the data on 569 subjects (302 men and
267 women) who undertook measurements of aerobic
exercise level; we also examined anthropometric, muscle
strength, and flexibility measurements in these second-
analysis subjects (Table 2).

The study was approved by the Ethics Committee of
Okayama Health Foundation.

Athropometric measurements
The anthropometric parameters were evaluated by using
the following parameters: height, body weight, body mass

index (BMI), abdominal circumference, and hip circum-
ference. BMI was calculated as weight/[height]* (kg/m?).

Table 1 Clinical profiles of subjects enrolled in the first analysis

The abdominal circumference was measured at the
umbilical level and the hip was measured at the widest
circumference over the trochanter in standing subjects after
normal expiration [7].

Muscle strength

To assess muscle strength, grip and leg strength were
measured. Grip strength was measured using the THP-10
(SAKAI, Tokyo, Japan) device, while leg strength was
measured with a dynamometer (COMBIT CB-1; MINATO
Co., Osaka, Japan). Isometric leg strength was measured as
follows: the subject sat in a chair, grasping the armrest in
order to fix the body position. The dynamometer was then
attached to the subject’s ankle joint with a strap. Next,
the subject extended the leg to 60° [8]. To standardize the
influence of the total body weight, we calculated the
muscle strength (kg) per body weight (kg) [9].

Flexibility

Flexibility was measured as follows in all the participants.
Sit-and-reach measurements were obtained to assess the
overall flexibility in forward flexion, with the measure-
ments recorded as the distance (in cm) between the fin-
gertips and toes. The subject’s knees were kept straight
throughout the test and ankles were maintained at 90° by
having the soles of the feet pressed against a board per-
pendicular to the sitting surface [10].

Oxygen uptake at ventilatory threshold (VT)

A graded ergometer exercise protocol [11] had been carried
out at the subjects’ checkups. After breakfast (2 h), resting

Men (n = 749) Women (n = 1,357)

Mean + SD Minimum Maximum Mean + SD Minimum Maximum
Age (years) 65.6 = 4.6 60 79 649 + 4.2 60 79
Height (cm) 1644 £ 5.5 145.3 180.2 1519 £ 5.0 136.2 167.0
Body weight (kg) 659 £9.3 40.1 1122 553+£79 334 97.3
Body mass index (kg/m?) 243 £ 3.0 16.2 40.9 240 £ 32 15.4 419
Abdominal circumference (cm) 86.1 9.2 61.6 127.0 78.8 £9.3 54.7 121.6
Hip circumference (cm) 919 £ 5.5 77.8 122.7 90.3 £ 54 69.0 120.5
Right grip strength (kg) 364+ 7.0 8.7 60.0 223+ 46 49 39.9
Left grip strength (kg) 35.0 £ 6.9 5.0 55.7 214 £ 45 43 474
Leg strength (kg) 51.0 £ 134 11.7 97.0 353 £ 86 10.7 69.7
Leg strength per body weight 0.78 &+ 0.19 0.20 1.50 0.65 + 0.17 0.15 1.26
Flexibility (cm) 0.6 +£103 -34.0 28.3 11.2 £ 8.1 —-22.0 28.4
Number of subjects without medications (%) 229 (30.6) 540 (39.8)
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Table 2 Clinical profiles of subjects enrolled in the second analysis

Men (n = 302) Women (n = 267)

Mean 4+ SD Minimum Maximum Mean &+ SD Minimum Maximum
Age (years) 653 £ 43 60 79 64.7 £ 4.0 60 77
Height (cm) 164.6 £ 5.1 149.1 178.3 1524 £42 142.2 164.2
Body weight (kg) 68.6 £ 9.7 47.6 1122 59.3 £ 8.8 37.6 97.3
Body mass index (kg/m?) 253 £ 3.1 18.9 409 255 4+ 3.7 16.7 419
Abdominal circumference (cm) 88.8 = 9.8 62.5 127.0 834 4+ 10.6 60.0 121.6
Hip circumference (cm) 932 £ 6.0 79.7 122.7 924 £ 64 72.5 120.5
Right grip strength (kg) 363 £ 6.8 13.4 60.0 22.1 £47 6.6 34.9
Left grip strength (kg) 351+ 64 15.6 54.1 212 45 6.9 33.0
Leg strength (kg) 51.0 + 13.1 19.0 92.0 352 +£9.0 11.0 69.7
Leg strength per body weight 0.75 £ 0.19 0.26 1.17 0.60 £ 0.15 0.16 1.08
Flexibility (cm) —-0.9 £ 10.1 —34.0 237 9.7 +83 -22.0 26.4
Oxygen uptake at VT (ml/kg/min) 125 4+ 2.0 59 21.6 1194+ 17 7.6 16.8
Work rate at VT (watt) 53.6 + 13.8 5.0 100.0 38.7 £ 10.5 5.0 70.0
Heart rate at VT (beats/min) 95.7 + 129 64.0 146.0 99.0 £+ 12.8 67.0 137.0
Number of subjects without medications (%) 33 (10.9) 55-(20.6)

VT ventilatory threshold

ECG was recorded and blood pressure was measured. All
subjects were then given a graded exercise after 3 min of
pedaling on an unloaded bicycle ergometer (Excalibur
V2.0; Lode, Groningen, The Netherlands). The profile of
incremental workloads was automatically defined by the
methods of Jones et al. [11], in which the workloads reach
the predicted maximum rate of oxygen consumption
(VOsmax) in 10 min. A pedaling cycle of 60 rpm was
maintained. Loading was terminated when the appearance
of symptoms forced the subject to stop. During the test,
ECG was monitored continuously, together with recording
of the heart rate. Expired gas was collected, and rates of
oxygen consumption (VO,) and carbon dioxide production
(VCOQ) were measured breath-by-breath using a cardio-
pulmonary gas exchange system (Oxycon Alpha; Mijnhrdt,
The Netherlands). The VT was determined by the standards
of Wasserman et al. [12] and Davis et al. [13], and the
V-slope method of Beaver et al. [14] from VOZ, VCO,, and
minute ventilation (VE).

Medications

The data on medications were obtained at interviews con-
ducted by well-trained staff using a structured method. The
subjects were asked if they were currently taking medica-
tions, i.e., those for diabetes, hypertension, dyslipidemia,
and/or orthopedic diseases. When the answer was “yes”,
they were classified as subjects with medications. When the
answer was “no”, they were classified as subjects without
medications.

@ Springer

Statistical analysis

Data are expressed as means + standard deviation (SD)
values. There were sufficient numbers of subjects, except
for subjects in their 70s without medications in the second
analysis. A comparison of parameters between subjects in
their 60s and those in their 70s, between subjects with and
without medications, and between subjects in their 60s and
those in their 70s without medications was made using an
unpaired z-test: p < 0.05 was considered to be statistically
significant.

Results

Clinical profiles of the subjects in the first and second
analyses are summarized in Tables 1 and 2. Two hundred
and twenty-nine men (30.6%) and 540 women (39.8%)
in the first analysis and 33 men (10.9%) and 55 women
(20.6%) in the second analysis were not taking medi-
cations.

We compared the clinical parameters between subjects
in their 60s and those in their 70s (Table 3). In men, height,
body weight, BMI, and hip circumference in those in their
60s were significantly higher than the values in men in their
70s. However, abdominal circumference in men in their
60s was similar to that in men in their 70s. Muscle strength,
flexibility, oxygen uptake at VT, work rate at VT, and heart
rate at VT in men in their 60s were higher than the values
in men in their 70s. In women, height was significantly
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Table 3 Changes in anthropometric and physical fitness parameters in the first and second analyses in all subjects
Men Women
60—69 70-79 p 60-69 70-79 p
First analysis
Number of subjects 604 145 1,158 199
Height (cm) 164.8 £ 5.3 162.7 £ 5.9 <0.0001 1522 + 4.9 1499 £ 49 <0.0001
Body weight (kg) 66.5 + 9.0 633 +£ 99 0.0002 553 + 7.8 548 +£79 0.3793
Body mass index (kg/m?) 245 +30 239 £ 30 0.0313 239 +32 244 £33 0.0373
Abdominal circumference (cm) 86.2 = 9.1 85.6 £95 0.4998 783 £ 9.1 81.9 4+ 10.2 <0.0001
Hip circumference (cm) 922 +£54 90.7 £ 5.6 0.0030 90.3 = 54 90.0 + 5.4 0.5006
Right grip strength (kg) 373 £ 6.8 32.6 = 6.9 <0.0001 225+ 45 209 £ 44 <0.0001
Left grip strength (kg) 36.0 & 6.6 30.8 £ 6.5 <0.0001 21.6 4.4 20.0 £43 <0.0001
Leg strength (kg) 532 £ 129 419 +£ 113 <0.0001 359+ 85 31.8 = 8.7 <0.0001
Leg strength per body weight 0.81 £ 0.19 0.67 £ 0.19 <0.0001 0.66 £+ 0.16 0.59 + 0.17 <0.0001
Flexibility (cm) 1.0£99 -1.1+£113 0.0278 114 £ 8.0 10.7 £ 84 0.3205
Second analysis
Number of subjects 255 47 228 39
Oxygen uptake at VT (ml/kg/min) 127+ 19 115+ 1.7 <0.0001 120 £ 1.7 11.1 £ 15 0.0024
Work rate at VT (watt) 56.0 + 12.6 404 £ 125 <0.0001 40.2 £ 10.2 29.7 + 8.8 <0.0001
Heart rate at VT (beats/min) 96.6 + 12.5 91.2 + 14.0 0.0080 99.3 + 12.8 96.9 + 12.7 0.2747

Values are means £ SD. p values in boldface are significant
VT ventilatory threshold

greater, and BMI and abdominal circumference were sig-
nificantly lower in those in their 60s than the values in
women in their 70s. Muscle strength, oxygen uptake at VT,
and work rate at VT in those in their 60s were significantly
higher than the values in women in their 70s.

We further analyzed clinical parameters, comparing
them between subjects with and without medications
(Table 4). There were significant differences in anthropo-
metric parameters (except for height), muscle strength,
flexibility, and work rate at VT between men with and
without medications. In women, there were also significant
differences in body weight, BMI, abdominal circumfer-
ence, and muscle strength between the two groups.

In addition, in men in their 60s, muscle strength
and flexibility in subjects without medications were
significantly - higher than these values in subjects with
medications. In women, body weight, BMI, abdominal
circumference, and hip circumference were significantly
lower, and grip strength and leg strength per body weight
were significantly higher in subjects without medications
than these values in subjects with medications (Table 4).

In men in their 70s, anthropometric parameters were
significantly lower and leg strength per body weight was
significantly higher in men without medications than these
values in men with medications. Muscle strength in women
without medications was significantly higher than that in
women with medications (Table 4).

We found that there were significant differences in some
parameters between subjects with and without medications.
We finally compared parameters between subjects in their
60s and subjects in their 70s in without medications
(Table 5). In men, anthropometric parameters and muscle
strength in those in their 70s were significantly lower than
these values in men in their 60s. In women, only abdominal
circumference in those in their 70s was higher than that in
women in their 60s. There were no differences in other
parameters between subjects in their 60s and those in their
70s.

Discussion

We evaluated anthropometric parameters, muscle strength,
flexibility, and aerobic exercise levels in elderly Japanese.
Especially in elderly subjects without medications, this
mean value for those in their 60s and 70s may provide a
useful database for evaluating anthropometric parameters
and physical fitness.

It has been well reported that there is significant loss in
muscle strength with aging [15, 16]. Aging is associated
with alterations in body composition; there is an increase in
body fat percentage and a concomitant decline in lean body
mass [17]. Aging, therefore, results in substantial altera-
tions in body composition, with a marked reduction in

@_ Springer
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Table 4 Comparison of anthropometric and physical fitness parameters between subjects with and without medications as classified by age

groups
Men Women
Medication (—) Medication (+) p Medication (—) Medication (+) P
All subjects
First analysis
Number of subjects 229 520 540 817
Height (cm) 1642 £ 54 1645+ 5.5 0.4997 1520 £ 52 151.8 = 4.9 0.3762
Body weight (kg) 64.6 + 8.7 66.5 &£ 9.5 0.0097 544 £ 176 55.8 £ 8.0 0.0015
Body mass index (kg/m?) 239 4+ 27 245+ 3.1 0.0076 23.6 + 3.1 242+ 33 0.0002
Abdominal circumference (cm) 84.7 £ 9.0 86.7 £ 9.2 0.0055 774 £9.0 798 £ 94 <0.0001
Hip circumference (cm) 913 £ 50 922+ 5.6 0.0305 899 £ 52 90.5 £ 5.5 0.0646
Right grip strength (kg) 375 £ 6.6 359+72 0.0028 23.0+ 44 21.8 £ 4.6 <0.0001
Left grip strength (kg) 358 £6.7 346 £ 7.0 0.0213 220+ 42 21.0 £ 4.6 <0.0001
Leg strength (kg) 53.1 £ 12.8 50.2 + 13.5 0.0059 36.2 &+ 8.0 347 £9.0 0.0013
Leg strength per body weight 0.83 + 0.19 0.76 + 0.19 <0.0001 0.67 £ 0.15 0.63 £ 0.17 <0.0001
Flexibility (cm) 23 4108 —02+£99 0.0023 11.7 £ 8.0 11.0 £ 8.1 0.1189
Second analysis
Number of subjects 33 269 55 212
Oxygen uptake at VT (ml/kg/min) 129 £ 1.8 124 £ 2.0 0.2280 118 £ 1.6 119+ 1.7 0.7549
Work rate at VT (watt) 59.0 £ 12.8 529+ 13.8 0.0176 404 £ 9.2 38.2 £ 10.8 0.1651
Heart rate at VT (beats/min) 96.7 £ 9.9 95.6 &+ 13.2 0.6505 99.7 + 12.5 08.8 £ 12.8 0.6563
60-69
First analysis
Number of subjects 195 409 490 668
Height (cm) 164.8 £ 5.0 164.8 £ 5.5 0.9816 1522 £ 5.1 1522 + 4.8 0.8692
Body weight (kg) 65.7 £ 82 66.9 + 9.4 0.1204 545 +76 56.0 £ 79 0.0016
Body mass index (kg/m?) 242 4+ 26 24.6 + 3.1 0.0755 235+ 3.1 241+ 33 0.0010
Abdominal circumference (cm) 854 £ 8.8 86.6 + 9.2 0.1416 772 £ 8.8 79.2 £ 9.2 0.0002
Hip circumference (cm) 91.8 =47 924 + 5.7 0.1956 89.9 £5.2 90.6 £ 55 0.0304
Right grip strength (kg) 382 4+ 6.2 36.8 £ 7.0 0.0168 231445 22145 0.0006
Left grip strength (kg) 36.8 + 6.3 35.6 £ 6.7 0.0427 220443 213 £ 45 0.0117
Leg strength (kg) 547 +£ 124 52.5 + 13.1 0.0472 363 £+ 8.0 355489 0.1073
Leg strength per body weight 0.84 £+ 0.19 0.79 £ 0.19 0.0028 0.67 £ 0.15 0.64 £ 0.17 0.0018
Flexibility (cm) 25+ 105 0296 0.0087 11.6 = 8.0 11.1 & 8.0 0.3002
Second analysis
Number of subjects 30 225 53 175
Oxygen uptake at VT (ml/kg/min) 129+ 1.8 127+ 1.9 0.5373 11.8 4+ 1.7 121 £ 1.7 0.3367
Work rate at VT (watt) 59.5 £ 12.5 55.6 + 12.6 0.1052 405+ 94 40.1 + 102 0.7872
Heart rate at VT (beats/min) 97.1 £ 10.2 96.5 + 12.8 0.8199 99.6 £ 12.6 99.3 + 12.8 0.8459
70-79
First analysis
Number of subjects 34 111 50 149
Height (cm) 160.7 & 6.3 163.3 £5.7 0.0243 1504 £ 5.5 149.7 £ 4.7 0.4049
Body weight (kg) 58.2 + 8.8 64.9 + 9.7 0.0005 53.8+74 55.1 £+ 8.1 0.3041
Body mass index (kg/m?) 225 +3.0 243 +£29 0.0025 239435 24.6 & 3.2 0.1770
Abdominal circumference (cm) 80.5 £ 94 872 £ 9.0 0.0003 80.0 £ 10.9 82.6 £9.9 0.1158
Hip circumference (cm) 882 £59 915+ 53 0.0029 90.2 + 4.7 90.0 £ 5.6 0.7944
Right grip strength (kg) 334+ 74 323 4+638 0.3916 227 £ 4.0 203 £ 4.4 0.0006
Left grip strength (kg) 30.6 £ 6.5 309 £ 6.6 0.8323 219+ 39 194 + 43 0.0004
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Table 4 continued
Men ‘Women
Medication (—) Medication (+) p Medication (—) Medication (+) p
Leg strength (kg) 435+ 113 415+£114 0.3593 348 £ 8.1 30.8 = 8.6 0.0043
Leg strength per body weight 0.76 £+ 0.21 0.65 £+ 0.17 0.0015 0.65 + 0.16 0.57 £ 0.16 0.0010
Flexibility (cm) 1.0 £ 124 —-1.8 £ 11.0 0.2127 12.1 £ 8.0 103 £ 8.6 0.1793
Second analysis
Number of subjects 3 44 2 37
Oxygen uptake at VT (ml/kg/min) 128 + 1.8 114+ 17 0.1685 119+1.0 11.1x£15 0.4774
Work rate at VT (watt) 533 £ 17.6 395 £ 119 0.0642 375 £ 35 292 + 8.8 0.1980
Heart rate at VT (beats/min) 93.0+72 91.0 + 144 0.8183 100.5 + 13.4 96.7 + 12.8 0.6887
Values are means &= SD. p values in boldface are significant
VT ventilatory threshold
Table 5 Changes in anthropometric and physical fitness parameters in the first and second analyses in subjects without medications
Men Women
60-69 70-79 p 60-69 70-79 p
First analysis
Number of subjects 195 34 490 50
Height (cm) 164.8 & 5.0 160.7 £ 6.3 <0.0001 1522 £ 5.1 1504 £ 5.5 0.0189
Body weight (kg) 65.7 + 82 582 + 8.8 <0.0001 545+ 76 538+74 0.5481
Body mass index (kg/m?) 242 +2.6 225 +£30 0.0012 23.5 £ 3.1 239 £ 3.5 0.4736
Abdominal circumference (cm) 854 £+ 8.8 805 £94 0.0035 772 £ 8.8 80.0 & 109 0.0383
Hip circumference (cm) 91.8 4.7 882 £ 59 0.0001 899 £ 52 90.2 £ 4.7 0.7027
Right grip strength kg) 382 +62 334+74 <0.0001 23.1 &£ 45 2277 £ 4.0 0.5974
Left grip strength (kg) 36.8 + 6.3 30.6 £ 6.5 <0.0001 220+ 43 219+ 39 0.8747
Leg strength (kg) 547 £ 12.4 435+ 113 <0.0001 36.3 + 8.0 34.8 + 8.1 0.1953
Leg strength per body weight 0.84 + 0.19 0.76 + 0.21 0.0250 0.67 £ 0.15 0.65 &+ 0.16 0.3706
Flexibility (cm) 254105 1.0+ 124 0.4562 11.6 + 8.0 12.1 £ 8.0 0.6805
Second analysis
Number of subjects 30 3 53 2
Oxygen uptake at VT (ml/kg/min) 129 £ 1.8 12.8 £ 1.8 0.9404 11.8 £ 1.6 119+ 1.0 0.9520
Work rate at VT (watt) 595 £ 125 533 £ 176 0.4342 40.5 =94 375 £35 0.6526
Heart rate at VT (beats/min) 97.1 &£ 10.2 93.04+72 0.5071 99.6 + 12.6 100.5 + 134 0.9253

Values are means & SD. p values in boldface are significant
VT ventilatory threshold

skeletal muscle mass. It has also been well reported that
there is significant loss in oxygen uptake at the ventilatory
threshold (VT) —which is also considered an accurate and
reliable parameter of aerobic exercise level [13]-with
aging [18, 19]. Miura reported that oxygen uptake at VT
was significantly correlated with age (men, r = —0.626;
women, r = —0.578) in 610 Japanese [18]. Sanada et al.
reported that a negative correlation was noted between
oxygen uptake at VT and age in 1,463 Japanese [19].
However, there are few reports of the evaluation of phys-
ical fitness in elderly Japanese. In the previous studies

noted above, the number of subjects over the age of 70 was
20 in men and 16 in women [18], and 65 in men and 13 in
women [19]. Especially, there are no accurate reference
data for physical fitness in Japanese subjects over the age
of 70 without medications. We have previously reported on
changes in maximal oxygen uptake in subjects aged
20-69 years [20]. In the present study, we evaluated
anthropometric parameters, muscle strength, flexibility,
and aerobic exercise levels in subjects over the age of 60.
We measured anthropometric parameters, muscle strength,
and flexibility in 145 men and 199 women in their 70s.
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In addition, we compared parameters between subjects
with and without medications. Although we evaluated VT
in only 3 men and 2 women in their 70s without medica-
tions, this information gathered should serve as quite a
useful database for evaluating anthropometric parameters,
muscle strength, flexibility, and aerobic exercise levels in
elderly Japanese subjects.

We found a difference in anthropometric parameters and
muscle strength between men with and without medica-
tions in their 60s and 70s. However, in women, abdominal
circumference in those in their 70s was higher than that in
women in their 60s, while other parameters in women in
their 70s were similar to values in those in their 60s.
Sanada et al. [19] also reported that, in women, fat-free
body mass in those in their 70s (41.5 £ 3.5 kg) was similar
to that in women in their 60s (40.0 £ 4.4 kg), while in
men, fat-free mass in those in their 70s (52.9 + 4.1 kg)
was lower than that in men in their 60s (55.3 4 52.9 kg).
Previous exercise habits, current exercise habits, and
sample size may affect the results.

There are potential limitations in the present study. First,
our study was a cross-sectional and not a longitudinal
study. Second, the 2,106 elderly subjects, all of whom
wanted to change their lifestyle, underwent measurements
for this study: they were therefore more health-conscious
than the average person. The 569 subjects selected in the
second analysis underwent aerobic exercise testing; they
were therefore more health-conscious than most of the
subjects in the first analysis. Third, the small sample size,
especially of subjects in their 70s without medications,
might make it difficult to compare aerobic exercise levels
between subjects with and without medications, and to
compare these levels between subjects in their 60s and
those in their 70s. In addition, the death rate in subjects
aged 75-79 is higher than that in those aged 70-74 [21].
Therefore, it is well expected that there are differences in
physical fitness between subjects aged 70-74 and those
aged 75-79. Further large-sample-size and prospective
studies are needed in elderly Japanese.
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ABSTRACT

Aging induces decrease of locomotor capacity
and its decrease is associated with an increased
risk of falls. Several lines of evidence indicate
that both change in muscle power and aerobic
fitness are causative. Mobility tests are usually
based on a maximal exercise stress test; how-
ever, this test is often difficult and sometimes
frightening to older persons. Therefore, the objec-
tive of this study was to examine age and gender
differences in 3-min walk distance test (3WDT),
and time of chair-rising test (CRT) of functional
mobility. 153 men and 159 women aged from 20
to 78 years were recruited as subjects of the pre-
sent study. The body composition measured the
height, body mass (BM), body mass index (BMl),
lean tissue mass (LTM), and waist circumference
(WC). The Functional mobility tests measured the
peak oxygen uptake (Vozear), 3WDT, leg ex-
tension strength (LES), and times of CRT. Both
in men and women, height and BMI, WC decreased
and increased, respectively, with age. Height, BM,
LTM, WC in men are higher than in women. We
found no correlation between ages and 3WDT in
women and a significant, negative correlation in
men. All parameters of fitness performance were
negatively correlated with age. Both in men and
women, all parameters of fitness performance
were positively correlated with sex. Both in men
and women, Voypea, 3WDT, and LES decreased
with age. All parameters of fitness performance
in men are higher than in women. Both in men and
women were observed for the correlation between
3WDT and Vogeas LES and CRT respectively.
Although as the correlation coefficient between
3WTD and Vogpear, LES and CRT were low (r =
0.28 -~ 0.38), an error may occur, this study shows
that 3WDT and CRT test can be a feasible method

Copyright © 2012 SciRes.

of providing the information for muscle power
and aerobic fithess, possibly avoiding the need
for a maximal stress test.

Keywords: Peak Oxygen Uptake; 3-Min Walk
Distance Test; Leg Extension Strength; Chair-Rising
Test; Mobility

1. INTRODUCTION

Aging induces decrease of locomotor capacity and its
decrease is associated with an increased risk of falls. Cur-
rent demographic trends show that the number of older peo-
ple is rapidly increasing. In fact, mobility is essential for
functional independence, reduced risk of fall, and quality
of life [1-3]. In older persons, disability is caused by both
change in muscle power and aerobic fitness is causative.
Several studies have shown that there is a decline in the
ability to perform muscle power-related tests as age in-
creases with a significant decline commencing at approxi-
mately 40 years of age. Similarly, physical performance
decrease with age. These age-related changes in the per-
formance of functional mobility measures and physiolo-
gical domains are also associated with an increased risk
of falls, ongoing disability and admission into residential
aged care [3,4].

Mobility tests are commonly used to assess function
and frailty in older persons. Mobility tests are usually based
on a maximal exercise stress test; however, this test is often
difficult and sometimes frightening to older persons. 3-min
walk distance test and chair-rising test are low of risk. There
are little data available on the age-related changes and gen-
der differences in the performance of these tests. The de-
velopment of age stratified normative data for these com-
monly used functional mobility tests could assist in the tar-
geting of interventions for people who exhibit a decline
in their functional status at an early stage, prior to the oc-
currence of falls and the onset of disability. Therefore,
the aim of this study was to provide reference data and ex-
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amine age and gender differences in 3-min walk distance
test, and time of rising chair without using the arms. The
second aim was to provide data available on the age-re-
lated changes in the performance of these tests. The in-
formation provided is relevant to new functional mobility
tests in older persons.

2. METHODS
2.1. Participants

One hundred and fifty-three men and one hundred and
fifty-nine women aged from 20 to 78 years (44.3 + 14.8
years) were recruited as subjects of the present study. None
of the subjects had any chronic diseases or were taking
any medications that could affect the study variables. All
subjects provided written informed consent according to
local institute policy before the measurement of physical
fitness. All subjects were classified into six groups by sex
and age: 20 to 39-year-old men, 40 to 59-year-old men,
60 to 79-year-old men, 20 to 39-year-old women, 40 to
59-year-old women, and 60 to 79-year-old women. This
study has been approved by the Committee on the Use of
Human Research Subjects of Matsumoto University, and
also performed in accordance with the ethical standards
of the 1JSM [5]. Participants were fully informed of the
purpose and risks of participating in this investigation
and signed informed consent documents prior to testing.
The participants characteristics are described in Table 1.

2.2. Anthropometrics

The body composition measured the height, body mass
(BM), body mass index (BMI), lean tissue mass (LTM),
and waist circumference (WC). Height was measured to
the nearest 0.1 cm using a stadiometer (YKH-23; Yagami
Inc., Japan). BM, BMI, and LTM were measured using a
body composition meter (BC-118E; TANITA Inc., Japan).

2.3. Functional Mobility Tests

The four tests were administered in a single session. Ti-

Table 1. Physical characteristic of the study subjects, mean + SD.
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med tests were measured with stopwatch with an accura-
cy of 0.01s.

2.4. Leg Extension Strength (LES)

LES was assessed using GT-330 (OG-giken, Japan).
The individuals were seated in the chair of the dynamo-
meter, and were stabilized with straps across the waist and
thighs throughout the test. Bilateral reciprocal contractions
at the knee were measured at a preset angle of 120°. An
index of strength was determined by summing peak ex-
tension torque. The average value in two times the right
and left was assumed to be measurements.

2.5. Peak Oxygen Uptake (Vozpeak)

Vo2peax Was measured using a maximal graded exercise
test (GTX) with bicycle erometers (Monark Ergomedic
828E, Sweden). The initial workload was 30 - 60 W, and
the work rate was increased thereafter by 15 W-min™ until
subject could not maintain the required pedaling frequency
(60 rpm). Heart rate (WEP-7404; NIHON KOHDEN Corp.,
Japan) and a rating of perceived exertion were monitored
throughout the exercise. During the progressive exercise
test, the expired gas of subjects was collected, and the rates
of oxygen consumption and Carbon dioxide production
were measured and averaged over 30-s intervals using an
automated breath-by-breath gas analyzing system (Aero-
monitor AE-280S; Minato Medical Science, Japan).

2.6. Chair-Rising Test (CRT)

In this test, participants were asked to rise from a stand-
ard height (43 cm) chair without armrests, ten times as fast
as possible with their arms folded. Arms are crossed in
front of the chest. Participants undertook the test barefoot.
The time from the initial seated position to the final seated
position after completing ten stands was the test measure.
Two trials were to be performed. The higher value in two
trials was assumed to be measurements.

Al Age20-30  Aged0-50  Age60-70 All Age20-30 Age40-50  Age 60-70

years years ycars years years years
Men ‘Women

N 153 79 44 30 159 69 54 36

Height (cm) 1697467 1710466  170.5£6.0 1649457 = 1576456  159.6+51 1584443 1507151 ™

BW (kg) 62.8+7.8 622+8.1 64.7+6.5 61.7+8.3 50861 50.8+£6.2 523+6.4 484 + 4.9”

BMI (kg/m?) 218422 212420  222+19  226+27  204+21  199%21 208421  208+22

MV (kg) 504450  50.7+5.1 51.5+43  48.1+5.1 356431 361+£32  363£28 334429 "

WS (cm) 774472 746468  792+57  823+7.0 73068 70356 740460 764479

SD = Standard Deviation; BW = Body Weight; BMI = Body Mass Index; MV = Muscle Volume; Waist Size = WS; mp <0.001, Np <0.01, p<0.05vs Age 20
- 30 years "p < 0.001, ¥p < 0.01,"p < 0.05 vs Age 40 - 50 years ™"p < 0.001 vs men.

Copyright © 2012 SciRes.
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2.7. 3-Min Walk Distance Test (3WDT)

The participants performed the 3WDT in a 50-m indoor
corridor with marks every second metre on the side of the
walkway. They were instructed to wear comfortable shoes.
The instructions were to walk as many lengths as possible
in three minutes, without running or jogging. To clarify the
instructions, the participants were also told to walk as fast
as possible. Information was given during the test by telling
the participants how many minutes they had walked or
minutes remaining. Finally, the total 3WDT was measured.

2.8. Statistical Analyses

Results are expressed as mean values with their standard
errors. The statistical significance (p, 0.05) of differences
was determined by 2-way ANOVA followed by a Tukey
post hoc analysis. Correlations between a fitness perfor-
mance and another fitness performance were assessed by
Pearson’s correlation coefficients (r).

3. RESULTS

The physical characteristic of the study is described in
Table 1. Height decreased and BMI, WC increased in men,
respectively, with age. Height, BM and LTM decreased
and BMI and WC increased in women. All physical charac-
teristic in men are higher than in women. Table 2 reports
the correlation between ages and functional mobility tests.
All functional mobility tests, except for 3WDT in women,
were negatively correlated with age (Table 2). Table 3
reports the parameters of functional mobility tests of the
study subjects. All parameters of functional mobility tests
were positively correlated with sex. All parameters of func-
tional mobility tests in men are higher than in women.
Both in men and women were observed for the correla-
tion between 3WDT and Voapear, LES and CRT respecti-
vely. Figure 1 reports the relationship between 3WDT and
Vozpeak in the men (n = 153) and women (n = 159). Both
in men and women, 3WTD was correlated with Vogpear (1
=0.31 and 0.31, respectively; p < 0.0001). Figure 2 re-
ports the relationship between LES and CRT in the men

(n = 153) and women (n = 159). Both in men and women,
LES was correlated with CRT (r = 0.38 and 0.28, respec-
tively; p <0.001).

4. DISCUSSION

3WDT and CRT is the simplest test of the Voapeax test
and leg strength, respectively. This study adds to the ac-
cumulating literature investigating the dynamic relations
between body compositions and the functional mobility
test in the elderly.

Body composition varies according to age, sex, and race.
Older adults tend to lose fat-free mass and gain fat mass.
WC is a reliable marker of mortality in older adults [6-8]
and muscle mass, as represented by lean mass, is associ-
ated with survival. In the present study, height, BMI and
WC were decreased and increased, respectively, with age
in men and women. Moreover, Height, BM, LTM and WC
in men is higher than in women.

The Functional mobility tests measured the Vogpeat,
3WDT, LES, and CRT. The study findings revealed sig-
nificant age-related differences in all functional mobility
tests examined. These findings confirm those of previous
studies and indicate that when compared with young people,
older people exhibit slower comfortable walking speed [5,9],
reduced ability to quickly rise from a chair [3,10]. These
age-related differences in functional mobility have been
attributed to impaired sensorimotor function [11,12], in par-
ticular reduced lower extremity strength and power [13-15],
but also increased fear of falling [8] and reduced aerobic
capacity [16].

Table 2. Correlation of the variables of interest with age.

V max

CRT (sec)  3WDT(m) LE(n-m) - /1?; omin)
Women 0.19" -0.12 -0.32" -0.49™
Men 042" -0.32" -0.32" -0.51"

CRT = chair-rising test; 3WDT = 3-min walk distance test; LE = leg exten-
ﬂ'on; mexf maximum oxygen uptake; Pearsons correlation coefficients.
p <0.001, p<0.05.

Table 3. Parameters of fitness performance of the study subjects, mean £+ SD.

All Age20-30 Age40-50 Age 60 - 70 All Age20-30 Aged0-50  Age60-70
years years years years years years
Men ‘Women
N 153 79 44 30 159 69 54 36
Voums 367491 40.7 £8.1 350+£7.77 286697 2784647 30.6+6.5 274+£537 23044771
(ml/kg/min)
CRT (sec) 102+2.4 95+1.8 9.6+1.7 1283177 111+£257 10.7+2.7 11.2+23 11.6+25
3WDT (m) 390.0+58.7 4033+589 390.7+38.9 353.7+£68.0""%" 350.6+34.1"" 351.1%34.6 3582+31.6 338.4+344%

LE(m-m) 630.1+137.0 669.3+130.8 622.8+136.5 537.7+108.3"""* 409.2+ 10637 430.1+118.8 420.3+91.1

352.6+ 817"

SD = Standard Deviation; CRT = chair-rising test; 3WDT = 3-min walk distance test; LE = leg extension; Vozmax = maximum oxygen uptake.

Copyright © 2012 SciRes.
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Figure 1. Relationship between 3WTD and V., in the men (n
= 153) and women (n = 159). The 3MWD was to walk as many
lengths as possible in three minutes. V., Was to until subject
could not maintain the required pedaling frequency (60 rpm).
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Figure 2. Relationship between LE and CRT in the men (n =
153) and women (n = 159). The LE was to the highest in four
times in total the right and left two times value. Chair-rising ti-
mes from the initial seated position to the final seated position
after completing ten stands were the test measure.

A remarkable decline, however, was observed in the
performance variables (muscle strength and aerobic capa-
city) assessed by the CRT and by 3WDT. The CRT was
measured power during an activity which involves rais-
ing the centre of gravity. Several studies have found that
performance in the CRT is a strong predictor of incident
disability, mortality, falls, hospitalization and health care
resources consumption. Hence, CRT can be regarded as
an indicator of physical performance at old age. In the pre-
sent study, both in men and women were observed for the
correlation between 3WDT and Vopear, LES and CRT res-
pectively, and the fact that this test can be a feasible me-
thod of providing the information for muscle power and
aerobic fitness, possibly avoiding the need for a maximal
stress test.

Copyright © 2012 SciRes.

Significant correlations among all the functional mobi-
lity tests in the older group indicate that older adults who
performed poorly in one test were likely to perform poorly
in all the other tests. The results from the present study, the
functional mobility tests of 3WDT and CRT were found
to give an idea of the physical decline with age in fit eld-
erly without any maximal exercise stress.

In conclusion, first, this study provides significant age-
related differences in performance were found in tests of
coordinated the Voopea, 3WDT, LES, and CRT, with older
women performing worse than older men in all tests. Se-
condly, this study shows that 3WDT and CRT can be a fea-
sible method of providing the information for muscle po-
wer and aerobic fitness, possibly avoiding the need for a
maximal stress test.

Limit

As the correlation coefficient between 3WTD and Vojpea,
LES and CRT were low (r = 0.28 - 0.38), an error may
occur. Accordingly, this study shows that 3WDT and CRT
as estimate method for aerobic fitness and muscle power

can be a feasible, if we measure many people as method
briefly and in safety.
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