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DFIELEDNRE Do T ENAFPEIZ L D AR ZHmE L TWD . BNROSEITHE & i3 5
Y oY = iR T e o N IZBWTEFMEIC 2R AR LD D E DT DN TOM
AbRDHND. Lo T, £ 1T, @lBMEE SRS ~EREDL VAKX A
EENC L DA N L—= U VT OIEREDR, KA0EE, MEHKE @IRAT 7 3 A KD
MAENERERR) ICRIETEEBICONWTHREFT2Z 2 HME L. LICL YR Z o RIEH)
ERL, %D AMBEENZIT 725D, BIRAT + 7 X ADIK T & fE N EERED M)

b, EBITHIIORE MR R SIS SRR AN T,

3-2 ik

1 R

PERHE L, BRI SR O I M 22 e S s D 456 4 (63~83 k) L LT-.
ETOWRE L, OIERECHERFICHEEL TOHRWE, EM»LEE 2SN T
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[E], 2~3% v b, (By MEKE 14) #EMlSE-. #HREICE, BE21Lod, Efl
F—ALT, WHEOTTIC, BWERHITERT L LR LE
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v) MR I E SRR S (flow-mediated dilation: FMD)
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vi) FEMTITIE
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Statistics ver. 23.0 # V>, fGRE 5% K& A EKHEEL LT-.

3-3 R
IAFNZRBNT, JERERHAI, ARAHIE, 1RMIE, MR GREEE, MR e m i yLE
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4, RAHE14, CONBE3 4 Di 5470, HATRFEEDEN T ABZLOHEIZSINTE 22

Motz FL—=V 7 HNRZFRKE LTEBEEORETYIELS, Nb—=0 T 55T L.

19



2) JEREFHA
10 B DI ARIZICE T 5 3 HEOREEGHIME D2 L4 Table 1. [T/R L7z, &, (KH,
BMI, FRAEWIATE, KIEMIRICBWT, BEARRAERITRD bhknolon, BHICE
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BRATRD N o7, 10 BEO b L—=2 279 A%, AR B, RA BRIZBW TR
IR, EPHICA B 72D 338 572 (P <0.01, respectively). CON &£ Tl, {A#E(P<0.01),

BRIBIAIAE, RIEIHER(P<0.05, respectively) 2B\ CTH B 72D b T,

3) RIJTHIE

10 B DI AT T 5 3 BEOIKRIEEDZEIL % Table 2 (Zx L7z, TUG, BHERA
BALH, FRT, REKHIEICE W THBERZAEMIRD b ehr-7208, 87 (F=8.632,
P=0.001), 10m A{7#E (F=5.064, P=0.011) I[ZB W THERZAFERANRD b, L
2L, W hL—= U JREORICAEBREITRO b hodz. 10 BEO FL—=2 7 A
%, AR B, RABEOM b L—= 7RI T, 187, 10m ST, EEEARTEP <0.01,
respectively), FRT(P<0.05)I24 E72lf] L2538 Hbit7z. CON BETIZ R TOERIFRRICAH

HRBITRD b e o T,

4) 1RM HIE
10 HE DI ARIRICEIT 5 5 FEH O 1 RM JIEED 2 L% Figure2 (2~ L.

Ly 77 LA (F=9.814, P=0.001), L v 2 »—/ (F=26.667, P=0.001), F =% h7L
(F=17.223, P=0.001), ¥ —7 v Fu— (F=15.648, P=0.001), v a L &¥—7 L %
(F=13.244,P=0.001) ORTIZBWTHERLAFEARRB D NN, Wik b—=0 7

DOMICAERATRO bR o7z. 10 O N L —=0 79 A%, AR B, RAFEOI k

L—=UTHEIBWC, Ly LA, Ly hh—)b, F2 A RS LA, —F v Ra—,
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ValHd—T L ADOETOREA CHERBEMNZED bz (P <0.01, respectively).

5) ARSI HE (pulse wave velocity : PWV) &
10 B O ARTZIZI 1T 5 PWVIEOZAL % Figure3 |Zx L7z, b L—=2 7)1 Af%,
B R HAEANZED b (F=3.321, P=0.047), RA BHICBWTCHEZRBD (9.0+1.6—
8.0=1.6m/s, P<0.05) 2#@» bz, —Ji, AR Bt & CON FEHIBWTHEZRZ(LITED

Lo Tz,

6) MR AEE M A IR aR A S (flow-mediated dilation: FMD)
10 M O ARI#ICET 5 FMD {021k % Figured ([Z/r L=, hL—=7J A%, 3
BEOMICAEBE R HEERIZRD Lo, BIEEICBWTHEERZBLITERD v n

o725, RABETITI IO/ N R S 7z,

7) I RE

10 JEE O AR I 5 I (OUE L, JRRITfLE) D28k % Tablel |27 L7z,
FNL—=U 7 A%, SHEORICHERZEERTERO bieholz. RABIZBWTAHEE
72T (141.5+14.2—135.9+14.7 mmHg, 83.84+9.4—80.3+10.4, P<0.05 respectively)

PROOIE. ), ARBEL CON BHZHWTHERLILIIRD b7,
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63-85 years older men
(N=45)

0 excluded
unstable cardiovascular condition,

musculoskeletal disease, diabetes

2 familiarization sessions

‘ body composition

preintervention measurements physical fitness
(N=45) 1RM (one repetition maximum)
‘ PWV (pulse wave velosity)
randomized FMD (flow—mediated dilation)
l
AR RA CON
aerobic exercise before resistance training before no training (during
resistance training aerobic exercise intervention)
(N=16) (N=16) (N=13)
\
| 10 weeks intervention body composition
physical fitness
postintervention | |1RM (one repetition maximum)
(N=40) PWV (pulse wave velosity)
FMD (flow—mediated dilation)
AR RA CON
1 private reason 1 private reason 3 private reasons
(N=15) (N=15) (N=10)

Figure.1 Flow of participants through the study.
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Table 1. Changes in characteristics of subjects before and after 10-week intervention

AR (n=15) RA (n=15) CON (n=10) interaction
(group X time)
Age (yrs) 70.4+4.1 69.6+4.6 71.0t4.4
Height (cm) Pre 165.6+3.3 165.1+6.3 167.8+17.4 F=1.626
Post  165.8%3.2 165.516.2 168.2+7.4 P=0.210
Body weight (kg) Pre 64.8+8.4 65.7+6.2 66.7+7.0 F=0.872
Post  64.4%8.3 64.9+6.1 65.7+7.1% P=0.426
BMI (kg/nt) Pre 23.6+3.1 24.1+2.1 23.8+25 F=1.573
Post  23.4%3.1 23.7+2.0 23.3+2.6 P=0.221
Lean body mass (kg) Pre 50.7t4.3 50.4*t3.4 50.8*£3.9 F=2.878
Post  50.9£4.2 50.7+3.3 50.4+3.9% P=0.069
Body fat (%) Pre 21.3+4.6 23.0+4.2 23.6+3.2 F=2.652
Post  20.4E4.7%* 21.6+4.3%* 23.1+3.5 P=0.084
Waist circumference Pre 88.2+9.1 89.4+17.1 89.1t£7.3 F=10.516
(cm) Post  86.7+£8.7** 87.3+7.1%* 89.8+8.0 P=0.001
Brachial systolic BP Pre 142.0+13.3 141.5+14.2 142.7+15.7 F=1.438
(mmHg) Post  140.2+13.6 135.9+14.7% 142.7+15.3 P=0.082
Brachial diastolic BP Pre 82.31+6.2 83.8+9.4 83.3+t10.4 F=0.328
(mmHg) Post  82.5+10.7 80.3+10.4% 85.3+11.1 P=0.075

Data at pre and post are presented as mean £ standard deviation.

*P<0.05 vs. Pre ; " P<0.01 vs. Pre

AR: aerobic exercise before resistance training, RA: resistance training before aerobic exercise, CON:

control, BMI: body mass index, BP: blood pressure
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Table 2. Changes in physical fitness before and after 10-week intervention

AR (n=15) RA (n=15) CON (n=10) interaction
(group X time)
Grip strength  (kg) Pre 35.4%5.5 35.4+4.5 33.9%+6.0 F=8.632
(Right) Post 36.5%5.9%* 36.55.2%* 33.4+6.2 P=0.001
Grip strength  (kg) Pre 34.3%=4.7 34.5+5.3 32.3%+5.2 F=3.237
(Left) Post 35.6%5.3%* 35.3%5.9 32.0t5.3 P=0.051
10m walk (sec) Pre 4.2+0.6 4.2+0.6 4.0+0.8 F=5.064
Post 3.7+0.6%* 3.60.6%* 3.840.8 P=0.011
Timed up and go (sec) Pre 4.9£0.9 4.7+0.6 4.6+0.7 F=2.713
Post 4.7%+0.9 4.6+0.5 4.8+0.7 P=0.080
One-leg balance with eyes Pre  73.7£64.9 66.1£66.5 55.8+£55.1 F=1.102
open (sec) Post 81.9+76.1 54.1+56.1 49.1+50.4 P=0.343
Functional reach (cm) Pre 29.6+3.6 33.1£4.6 33.1t4.4 F=1.442
Post 32.1+3.7% 36.6+4.1% 33.7+3.6 P=0.249
Sit and reach (cm) Pre 24.5%7.1 32.9+9.1 28.7+8.6 F=0.007
Post 28.8+6.3%* 37.27.9%* 29.7+8.6 P=0.993

Data at pre and post are presented as mean = standard deviation.
*P<0.05 vs. Pre ; P<0.01 vs. Pre
AR: aerobic exercise before resistance training, RA: resistance training before aerobic exercise, CON:

control
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Figure2. Changes in 1RM before and after 10—week intervention
Data at pre and post are presented as mean = standard deviation.

*P <0.05 vs. Pre ; P <0.01 vs. Pre ; *P<0.001 vs. CON
AR: aerobic exercise before resistance training, RA: resistance
training before aerobic exercise, CON: control

25



9.5

9
£ 8.5 r
- RA
z 3 # CON
G

~
n

Pre Post

Figure 3. Changes in cfPWV before and after 10—week intervention
Data at pre and post are presented as mean = standard deviation.
*P <0.05 vs. Pre, #P<0.05 vs. AR or CON

AR: aerobic exercise before resistance training , RA: resistance training before aerobic exercise , CON:
control, cfPWV: cardio—femoral pulse wave velosity
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AWETLWME LTS, BENLARBERIMED EFAMEIL, ZoMmE R o
FlIE, R ME R OK TCERO M EIMEDH KRG LTINS B X HILTND 9899,
I 51T, GreenlWE, HE ML —= 7 OWRICENT, LI RAF L AEEBRITHEEHRE
B2 5 L7235E, MAEWNRBRMEEDE D NO 2/ L TNEEREZWESE 5 2 L&
LTW%. Okamoto & 20X, LY A X o A @EENRICHIRRER 2 Eli L72#HEG hL—=
ZIZBW T, PWV O T & FMD OB i, MEMSENSE L7 E@ME LT D,

X, RICEREL VAL AEB A ET 52 LIk o T, F LW REMRIES O F

(ZHE D MBI SOS 25 R Z L, MEBEICHRWEDZ A%, §lSHEET 54

o

RFETE I Lo TIAE RIS 2RI L, BIIRONBISAES S I8 PR B R bR E T
boH NO ARSI, SHITHM L NO 1%, FIREIC&H 2 a2 ohie S &, BR2LE
T22&T, BIRROEREELRD 8 LS5 ITHEA Lzons LvZgu,

F2Br 1 Ti%, FMD OflEE HWT, EE b L—= 7 OIAFMED S N B RE I &I T
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WA Lz, K%, RAREHCEWT FMD OEN b L—=2 7% ICHINT 2 ECH -
T, HERZETRO Dol AT, @mBEc L2 10 MO bLr—=v7
W2 F2hE L7228, Wl X 2 I8 N OB R 72 2 bSO RER 72K R 23 K & W RTREME DS
HHZ &, M—=V ZHMBRETE -T2 2 &N ENEERE DA E 22 FICE 6720
STERRTIERW N EEZ D, LT, RAMMET 286 bL—= 710 K 2%
BROHIND.

IRM OFER XV, RARE, ARBEZHBWT, £ TOFEHEIZ M L—=0 7 H%OEMARD &
iz, UL, EH3ONEFHIC KL 2EZRITRD bRo72. Cadore b 2913, s Bk
ZRBIC 12 BEOES L — = I X DNEFEE R LI2RER, TR orm ik
TERPBOONZEZWMEL TS, RBIFEDO LY A Z o ZEEH) 5 FH I LT,
Cadore H5DOHfZEIZ 9B DL VA X AT L HEAE ML —=v 7 Thote. £/, b
L—= 7R 12 T, &% 11~12 H HBI% 6~8RM T 40 /3D LY A & o R i
B MEOERWVAMRBZEINCLD N —=0 7 Tholz, EEFER OO ML —= 7
B, BEBEOEPEEL TS EEX HNS. Schumann 5 100(%, 24 @EEOEE FL—
=7 BT DEBONEFEZ R VE VR L IRM ICOW TG Lz, TORE, FL—
=7 AT (08 H) (M L7z oREGH T (48h) (2, AMEFER) & SEIC M L 7e
F—=U 7T, 7AMAT R UOBMENAEIZED L7 V—7HICERN RO
7= LinL, 24 O N L—=2 7%, FAECSWEE IRMOBINZIBW TV
—7HNCHEZEIT o7, ZOREREIY, WIHIBEREO RNV E W EITB W TIPS
KDERPAONTICE DL, REMICHED FL—= 71> T#IcL, Zv
— 7 MICERNE RolobBEZ B,

HFER L LR Z L AEHOBES L —= 71, VYR X REB M & ik L
T, i1 U —om ERS THHER (interference effect) | IZXH > THH< D &0 D

WA D 5 102100 U LTS, EEECMAE, EIIEFIC X > TEIIRVEV I HED
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R HND 105100, REFFETILL VA Y o AEEOHDOREEFRTE LR > 1203, AFEFEED) L
H~EE LY 2% REBOEAE N L—= 70, GBS THa i ion
L6 L, HE - HHOKTICE DA a=T B HBRED T - WEPHIFTE 5.

TERELATE R IR T, EBONEFPEICED 5, W b L—=2 7B TR RCE
FHORARC, #ICHITIHREE, FRT, REAKRTEOR LR O, Zhud, 5EETDH
BHED VI AZ A == T XD MO om EAEE Licb o LB
bd. AL 1001, G T/ o THAEERREZHER - HET 57-0101%, Th L&
RBRICH DBITRENZIR T EERNWI BRI THD LTS, Liznd-T, Fi
iz m s LR E o AEE)N LG ORE] PR ATERE OMERF - M BIZF S L,
HEAEEOEZ®mO DDA REH L E2 5. 5T, BEMHITEHRFRHOEE
BHCE D= RINF—HEOEERIWE CTH LA, MEITHE D B EORDIZ K > TR
KRR N T2 Z E BB BT - TR Y 109, RS RED L VA X o @B, &
i OBRIEIAREEZ NS, L & bICRHRREZ NS5 2 & 3@
LT 5 109,

il DS - Eh#EE THL, WEEEMALEM L T eoIDiE, ARRIERNIC X
STHIRAT 4 72 A EETe, LIERBBOMERRK 2 T - dFET22 L&, LUX
B ATEFNE K-> TH )« iz L ADL 217 LS5 2 ENEFICEETHS. Lz
BoT, BEittazd il HARICEIT 2/FES ViEEE LT, ARREI L LU RY
YAEINZLDEE P L= JIIERICRTH Y, ZORRET T 0 7T Lz

RITHERNCE L TW Z N TEX AN EERETHS.

3-5 /IME
FER 1 ORER, RE SIS, AMRFER L T~ EHREL VRS R EE &

OB DEEEES ML —= 0 72BNV, Rlcvya g o 2Eaha £ L, %D ARSE
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EE AT 7256, BIRAT 4 73 AR T RO b, EHONEFEIC L2 EZRNSH D
ZEDIRIEENT-. F2, EEONEFICED ST, RIEHRCIEH OB X B REm O
WECANRIRT), 1IRM DR EXGRD B, FEEFEEIE LA X o AEIBOHE FL—=

YIFAZRY v T e maE®T 4TV Ra— AOERKF &R o 7o E i O R

Ff - LT 57DICHERFITADTHLLEALND.
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4w HEEEEREEZNRE L-AREBEEIHE L URAX U AEHICLLIEES ML —=
> T DONEFEN, KT RE, BIRAT ¢ 7 % A RIE T 2
— B M A P RIARAREE £/ IT TP RED LY R & v REE A IV T ORH—

(5 2)

4-1 HH

ISR S i, O TR0 M REREDIC I, ADL 2K T L, R4 fiiE
SHELRERBERL72> TS, FRETOZMIL, FHERO DML L oM RS

DIIE Y AT PMRNT ERFNHILTND 10, LasL, PARRZIZZ OMEENER L, ZtEo
J73 2 AUERIF 0O S RO RERN H9 5 1), Tomiyama O 12(%, SRAT «
TARATIENC LY ERTL0, LMETIRAREICEAPINET S Z LR LTS, o
x, PARUBEO A ha S U AROIKRTICL D EFEx 6D, = A b lig, O

B REEE ST D R4 OLREMEM (A Rt E N, IREGEHSGEEN, NO ARGREE

%

b EH) RN 1,

BT DFEFRIFETIE, @i E O PR 2V TlE, B MLEICHAT, DFEEZE, A,
OAREDRIEY A7, b NTDLE RKEBIZ L DT D Y A7 Bm< 2 d 190 5 ik
Wbn. Tbb, AREOLMECIENT, DIEREEDRIEY X7 2FT 252 LI
HHICEETHD. LB T, |mILEDOTE - IGROAZLFETHY 92115, LifE 5k
BEBOERAF A UE SR NBH D W STV D AMREDT 5659, HR)72E)
WGIZEFEAD. LanL, AMFEEZT TIIMEICHED e - oK Tk 1=
N=TREHBRIE, £ ORRE LT ADL O FRAEROEDR T2 <ITiIA+0Th s
ZLbWESNTVWDS 1o,

VLA, BRI AE O AR OBREER T R OEfE I Z i b AR E L L L TL YR F >

ZIEEBNBEMAICERD ANOND L) TE., LYRAX L AERN, BICHE -
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NEWMT Z72F T2, BEEOMER - ML HIfFTE 112, MfHECHL 2L 271
— VIR DR T 7 & ORGP F OUEE R b #iE ST g 10, PR O 2 TUREIR
WU AT DL EBEEOIKTAE LW WEEZMEIC L > C, AREHAER & R
S AEE G EENEEBL S L E XD, LER-oT, 2O o0EHEESG ST b
—=U 71, MRBEORBLMIZE o TRERAIXR NL—=0 7 ThY, ED k)i
HEDED 2 ENERTHRMINERTT D2LERDHD.

Pl L2 R RIC LI AREER & LAY RAEBOES b L—= 2 T DTS
& LT, Figueroa b 8%, 12 MO TEHELEREDES b L—=1 7 2 %0 L2RER, Bk
AT 4T RAMEFL, MEBEKTFLEZ &E28®E LT 5. Sillanpda o 190, KA
1D IR TH- T Z 2 ME L TWD. ZHUOHOFRIZL VA Y v ATEE) &L
WCHERMLTRY, EEOMEFIEIZOWTIERE LTW . Le-> T, milimdelEz 5

ICHMRER & LAY RAEBOEE b L—= 0 T ONAFED, (KA 71, Bk A

T4 TR A RETHBCOWTRET DLER D D.

FBR 1 TUE, BRI SRR O 2 O HUSA R S s B M2 T, 10 JEH oA R EE) &
I~ L YA 5 v AEBOBE L — =0 ZICB T DR, R E, Bifkx
T4 T AR AT TRBIC OV TR LR, RIS W CGEBONEFMEIC &
LEBITRO LN Mo T2, BIRAT 4 7 X ZADMERF- 1 LR D5EITIE, VYR F
AIEB A KT D BRI TH D Z LR sz, ZOWFETIE, F~EmED
VYRS AEBEER LT, @IS 22 e ok A BE T S &, DR
~OBHEPDIRVBIRED L VAL o AEBNIC L OEE L= T ERETT A MNER D
5. Frlomimatiix, SR L TR ERD R, ARV Iz, mIREOR ) kL

—= VTSN EEZLND. LIRS T, LURX L AEBOIRE Z{KHRE H 5\
ISR CEM L 725 S, EEIOIEFHIC LD ERREO N0 ENE NS TN

RERRE L L CRIT b,
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FEER 2 TIE, B emEmm At ARG e LT, AREHRIESD) & ARIRE /xS ERE D L
VAL ATEE EOBEE N L — = ZITBIT DIEFER, KRIE, BIRAT 1+ 7R
WCRIETHEL, BMEOBENCLLERICONWTHRHFTS Z L2 EIE L. (KR Tk

EEONEFHECED S FTENRAT ¢ 7 R ZADE T &M L, PR CIRIE/FMEIC
IO LTBARAT 4 7R ADIRT, IHIC, (RIRE XA om L BREEROUER & 5

LA A SL T,

4-2  Hik
1) BB

H ARSI D 7 MR 7 IS E(E il 2 60 44 (61~81 %) #RFE & L. &T
OWEHE L, IR ELCHERIBICRE L T anE, EifiSEE 2251 ST
FL Ll Fhilcdhn, REO BB E, ZMoOMERTHITERESTH L2 L,
FHEDRAERLKSNI T RORELTHZ &, MAGEROERLMEST D L2 E
EABTHAICHIL, BHOEKFEIFBONTZEIC OV TIRIEEICEAZ LT Do T,
RIFFE~DBIMOFE 1 DI, WRE & BEAICLL T O 5 BRI/ 72 - AiEFREE+
KEREE L 2 R & o A BN (AR-L BF) , (KFREE L A & o A TR+ R #EEEE (RA-L ),
AREFEEB+TRE L DAY A EBRE (AR-M #), THEL DAY o A EB+A RS
 RAMAE), FL—=27%%E LRV (CON ). AL, REAKRTE TAEX

R LI DL (BT D MBIRAZT RS OKR LG TIT R -7 UKREE S 15095).

9 FL—=27 Kk
AlpZEm & L, Higfo /L2 A —# (Life Fitness &) ZH L, 60% L TFiEE
(heart rate reserve : HRR) OHJE T, XX /VAEEH 50~55 [F],/ /7y & 72D K 9 (2R

E LTz, HEEhT, $ERE IS LT EBETRE (RPE) 28 To0& 20 (12~13) ] O
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SOV EHERFT D L OfER L, AR BHI L VAKX U AEBEOFTIC 20 43, RA BEHIL VA X
v AEB)DOH%IZ 20 HrFFEH S H .

LUOAZ U AEEIE LT, 5OV A v (Ly T VR, Ly T A—, Fx
ANTVRA, —F v Ka—, va/L¥—7 LR Life Fitness ) ZfHL, HiEL Y
A K AGEENEEIL 60~T0% fix K% b & (one repetition maximum : IRM) % 10~12]q],
2~3t v b, (v MNEIKE 143) %, (KBRE L 22 % o 2 @EEET 40~50% 1 RM % 10
~15[, 2~3 k> b (v FMEMRE 143) ZFEMSE-. #RE 2%, B2k, Ef
74— LT, WAEOTPIC, WERMS TEET DL IICHERLE

NL—= ZTHIBICADRIC, b L—=r 7RRGEBIRES ML —= 0 7 EICER D
7= DNELIIE (10 BHIM) ZikF, s HIED LY A X o A EE# 2 Z i 10~15 [AlKE T
EHEMT 1Ly b, ARFEEIZ 10~15 HHZEM SE72. b L —=2 7 O/IRICIT Y +
— LT T NE Y e FE ST

M—= U 7 R E T D HIE, EEBETOZ R & EB) 10 /0% ORTE 2 5], s IUE
o JEMIME A A L o BEMERH ZHWCHE Lz, £, ElLizhL—=v7
WA ITE NGRS RICFEA S, IR FEmIR 2 E B L7

NL—= 703 2 [FOMEEET 10 MAH, HMOFEE OB T CEiES 7.

3) WEHHA KO E

ETORER, Fr—=27OfH], FL—=27T 2~3 HEDOF 2 BHEIE L7z

i) JERERHAl
JReEtl E LT, &, (RE, MIENR, BEHEZHE Lz, FRIFFR: 2 VT 0.1cm
HALTEIL, R X OB RITAENENEE (TBF-305, % =2 tH&) % HvCEHIY

L7, RE (ke) 25K (m) O 2] TR Z &I2LY BMI &Ko7z, IEFHITIEMHEMED
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AV —EAWTIHEOE Y OFMEAE% 0.1cm HAZCTFHAIL7Z. BRIBMIAEL MEHEKk —
R (kg) X EIENIH (%)) Z3HET5Z L LWk
R E

KOMEE LT, BOHEETHL RS, EEEERENOFETH 2 Mtimed up & go
test] (LT TUG), BMTHENOIBIECTH D [10m AITHE ), FHMEOBIETH L TR
KRR, BT AR ORIETH D BRIRF RIS, B ANT AT OEETH
% [functional reach test] (LA FRT) Z{lE L7z,

BINETT O H ARG (P TEER) 2T 2 FHIEL, SWHOMEZEIE
ELTEHALE.

TUG 13T TR DA E & BITEN L, 3m AIFICREL TWD BiEYE T
EHETEL Al THWMFICER T2 ETORMEZA Ny 7Y 4+ v F THIE LT

10m BTHEIZA by 7T r v FEHNT, BOORRKOSITIRE T RGBT
2 [EATV, W OMMARA L.

RIERRTIEIXRE IR, &9, BHEESE ST TCREOESE LV, REKRRTEGZAWT
Bz fX L7okig o, MRS AR S, BHENBELERSZME L. Bair:
DBV Z DT, AFREZRSIMIILEYD LISl T 2 BIEL, mWiofEx
A LT

BRIR A RS HIE, R CBRIRCTHIMNALZ & 6, 2 B3 23R4 2 ic #efib
T, BRI TR L LR L., Ay 7 U v FEHANT 2 FREEL, Em
JofEERAL, ERRIE 180 & L. B T/AT v A& B L CSRHI TR & < B
T AEIEENETORE & L.

FRT 132 2BV TLE LI RN RS2 L 0, fifh ERZ R Omm S CREZ2 I
L7IREEDBBRAR L, TE 21T RIT~ 2T s, FHRmOBEIHEREZHIE L.

J—FHESEHNT 0. lem BT T2 EHIEL, @SWHOEEEA L.
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i) 1RM &

1RM OWIEI, BONEENORAICEVEE~EAMEH L TVE, Fb P52 e
TEXRKEREZ 1IRM & LTERHALE. 5O~y (Ly 7T LA, Ly Zd—),
FrARFLA, V—F v Ra—, Yal¥—FLR) ZEST, UV4—I 07T v 7D
%I, 3~5 [V IRT Z LN TEHEINDIED, EfER7+—LT—EETEETED

HSZHE L.

iv) DR E A% (cardio-ankle vascular index : CAVI) i

BIRA T 1 7 3% A &Ml 572918, DlfE B iEE4 (cardio-ankle vascular index :
CAVI) “ZE L7z, CAVI %, KREMRELME S, T, & E TOBEREEROHMEZ
FTIEECH 5. CAVI OFEIE, JIEROMIEIEITE LIRNAT 4 TR AINRT A—H f46
Thod. AT 4 TRANTA=F BIX, FFTOBARAT 4 7R AZRTH, ZhzkID
B % M5 LT=0 725 CAVI Th Y |, JAAT OB 2 5t A& RIS LTINS L7 il &
EIiobib.

FT, #HEREE Xy RO Bicmiic s, 10 oML ERo7-%12, B, EEicim
JEDH: (7)) BT Wiz, MRS OEROBMREFH 2 RGO 2o~ A
7 W0 AT, fENREE A E (VaSera VS-1500: 7 7 X & 1-+1:8) % FHW-CHIE L7z,
DEM, OFX, WEAREORE, I3 ROGEEEN 0 TRhVWERBO LN

B, 1~2 5 OMRE 22T THOGH Lz, 723, #EE IITFEANTRIE D FIEE +4012

B L7=.

v) AR

AW TR/ LT — 218, ETEEHFEERZE TR, X=X T4 2B 5451

38



EHH OFFRIELENIY, —oBE BT 2 -7z, AR T 24 H ORERF Hik
RSN X IF R A O BAETRIE S & 5 “Iuhd & Bt & vy, AR AERNBO b
= ald, Tukey EEZMWTHFERME LT -T2, SRR DI ARTE DL E D g

X, HEDH 5 t EE MW, fERRER 5% K& A EKEE L.

4-3 FEHR
MABNCTIBNT, TEREEHRI, (A 71E, 1RM JIE, CAVI, Mikfad o4 ToREMIZH

WT B BEHICAHBRETRRD b ol

1) FlL—=2 7 ~OBNRN

Figure5 [Z&MNEF ORBUIZHOWTT7r—F ¥ — hE2R L7, 604 D0SMED S H, ARL
FE24, RA-MEEL4, CONBE 14D 4403, FATSSREO RN, BHARTHA®ZD
HWEIZBIMTE ol Me—=U TRELZRRE LIGEORAIT—OES, &EH

64 ML —= T HET L.

2) JEREEHH
10 R O AR IZIBIT D 5 BEOTREFHRNE DAL % Table 31Z/~xL7=. £ TOHHEBEIZ
BWCHEBRZEERZRD SN ho7-. ARLEICEBWNT, M—=2 7N ARICIKRE

LRI RICH B 2 B b0viid vz (P<0.05).

3) E&IHE
10 FHE O AR BT KW EDZEAL %2 TR EERIIZ Table4 (low-intensity), Tableb
(moderate-intensity) 2/~ L7z.

KREREICBWT, 2 COHEA CTARERAZAE/ERITED bNh-7-. AR-L, RA-L &

39



WZBNT, Fb—= 7 A%, 10mBITHEICHERM EAFED b/ (P<0.01,
respectively). HELERERECIWNT, B, 10m HSTHE, TUG, BHIRA BILL, RFE
RIS BERZEEMITRD bheno7-23, FRT ICBWTAHBRREEMNIRD bh
7z (F=9.444,P=0.001). L7 L, bl —=U7lHFIC LD 7V —7HEITRD bRro
7=. AR-M, RA-MEEHZEBWT, FL—=2FNAt%, EHE 10m HTHE, FRTICAE
7ein) E2NERD BTz (P<0.01, respectively) .
[T L—=7NEFICHT %, FRT ORGSR & &5 FE oA 2 bk L7265 R (Figure6),

AR #f, RA L LICHERZAERANZZED b (AR B F=0.754, P=0.002; RA #:

F=4.914, P=0.014).

1 RM #&E
10 EE O AR 5 5 FH O 1 RM HlIEDZEA L% Figure7 (277 L7z,
KHRERETIE, = A M7 L A (F=20.463, P<0.001), v =2 /L& —7 L A (F=3.735,
P=0.036) 2B\ T, AEALLZHEEANED N, PEERERETE, Ly 7L 2R
(F=7.372, P=0.002), L v 27—/ (F=4.244, P=0.024), F¥= A b7 L % (F=12.105,
P<0.001), v'—7 v Ku— (F=10.376, P<0.001), ¥ 2 V% —7 L 2 (F=12.227, P<0.001)
DETOREBIZENT, AERZAEANHEO N, b —= BRI L2 70—
MZETRD NP oTe. FL—= 71, AR#E, RAHOM M —=27HIZHB N T,
Ly T VA Ly =)L, FxARNT VA, V=T v RKa—, YalZ—TFLADE
TOMH CTHEZREMNRD vz (P<0.01, respectively).
5) Ll B i E S (CAVD) HIE
10 S O AR D 5 #ED CAVI D1 % Table6 |2/~ L7-.

wNG BWTHEEITRO N holz., 2, 7N —T7HZELRD LN hoT-.
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61-81years old women
(N=63)

excluded

0 not meeting inclusion criteria

3 not attending the explanatory metting

2 familiarization sessions

‘ body composition

preintervention measurements physical fitness

(N=60) 1RM (one repetition maximum)

‘ CAVI (cardio—ankle vascular index)

randomized

AR-L RA-L AR-M RA-M CON
low—intensity moderate—intensity
resistance training before resistance training before
aerobic exercise aerobic exercise

(N=12) (N=12) (N=12) (N=12) (N=12)

aerobic before moderate—
intensity resistance training

no training (during
intervention)

aerobic before low—intensity
resistance training

10 weeks intervention

‘ body composition

postintervention measurements physical fitness

(N=56) 1RM (one repetition maximum)

CAVI (cardio—ankle vascular index)

AR-L RA-L AR-M RA-M CON
2 private reasons 1 private reason 1 poor physical condition
(N=10) (N=12) (N=12) (N=11) (N=11)

Figureb. Flow of participants through the study.
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Table 3. Changes in body composition of subjects in 5 groups before and after 10-week intervention

AR-L RA-L AR-M RA-M CON

(n=10) (n=12) (n=12) (n=11) (n=11)
Age (yrs) 68.314.2 69.0+4.1 70.4+4.1 69.64.6 71.0t4.4
Height (cm) Pre 156.3+4.0 155.7+4.0 153.1+4.5 154.1+4.8 153.3+29
Post 156.24.1 155.5+3.9 152.9+46 153.9+4.8 153.1*£2.7
Body weight (kg) Pre 53.010.0 50.5*+6.8 50.8+6.4 51.2+7.4 49.2+6.6

Post 52.2+9.6* 50.4+6.9 50.31+6.2 51.2+74 49.1£6.7

BMI  (kg/ni) Pre 21.6+3.9  20.8+2.0 21.6+2.2 21.5+2.4 20.2+2.7
Post 21.3+3.7  20.8+2.1 21.5+2.2 21.5+2.4 20.9+2.8
Lean body mass (kg) Pre 37.0+3.2 36.0+2.9 35.8+3.1 35.9+2.9 34.4+2.2
Post 36.8+3.2 36.2+3.0 35.7+2.8 36.1+3.0 33.1+6.8
Body fat (%) Pre 28.7£9.0 28.3+4.7 28.9+6.7 29.3+6.1 29.2+5.8

Post 27.91£8.6* 27.6£4.7 28.5£5.8 28.8£5.5 28.8£5.7

Waist circumference  Pre 82.0£10.0 79.3+£7.8 80.2+t7.8 81.6+10.2 79.3+£9.5
(cm) Post 80.1+10.6 78.6+7.4 79.81+8.0 80.1+-9.9 78.6+8.7

Values are mean +SD.

*P<0.05 vs. Pre
AR-L: aerobic exercise before low-intensity resistance training; RA-L: low-intensity resistance training
before aerobic exercise; AR-M: aerobic exercise before moderate-intensity resistance training; RA-M:

moderate-intensity resistance training before aerobic exercise, CON: control; BMI: body mass index
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Table 4. Changes in physical fitness before and after 10-week intervention (low-intensity)

AR-L RA-L CON interaction

(n=10) (n=12) (n=11) (group X time)
Grip strength  (kg) Pre 24.8+4.9 20.7+3.3 22.1£5.0 F=2.272
(Right) Post 25.31+4.2 22.5+3.5 23.7+4.5 P=0.121
Grip strength  (kg) Pre 23.0+3.4 20.9+3.8 19.5+3.7 F=0.394
(Left) Post 24.7+4.2 21.8+3.4 21.2+3.5 P=0.678
10m walk (sec) Pre 42+0.4 4.4%0.5 4.7+0.5 F=0.306
Post 3.60.4%* 3.7+0.2%* 4.2+0.8 P=0.739
Timed up and go (sec)  Pre 4.5+0.5 4.9+0.7 4.9+0.9 F=0.262
Post 4.34+0.3 4.7+0.6 4.7+0.8 P=0.771
One-leg balance with Pre 118.3+£60.4 97.3161.6 128.4£43.8 F=0.120
eyes open (sec) Post 132.8£58.4 104.8+62.0 119.5+70.3 P=0.888
Functional reach (cm) Pre 34.0+6.5 32.7+54 32.6+5.5 F=0.555
Post 34.0+4.6 34.2+4.2 33.0+7.0 P=0.580
Sit and reach (cm) Pre 34.9+4.2 38.1+7.1 29.2+10.8 F=0.254
Post 34.6+5.6 37.8+7.1 27.7+12.9 P=0.778

Values are mean + SD.
*P<0.05 vs. Pre ; " P<0.01 vs. Pre
AR-L: aerobic exercise before low-intensity resistance training , RA-L: low-intensity resistance

training before aerobic exercise , CON: control
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Table 5. Changes in physical fitness before and after 10-week intervention (moderate-intensity)

AR-M RA-M CON interaction

(n=12) (n=11) (n=11) (group X time)
Grip strength  (kg) Pre 24.1+3.2 23.0+2.6 22.1+5.0 F=0.144
(Right) Post 25.7+2.9%* 24.2743.0%* 23.7t4.5 P=0.866
Grip strength  (kg) Pre 23.2+3.2 22.8+2.6 19.5+3.7 F=0.530
(Left) Post 24.5+3.1% 23.5+2.8 21.2+3.5 P=0.594
10m walk (sec) Pre 4.6+0.5 4.6+0.5 4.7+0.5 F=0.769
Post 3.9+0.4%* 3.9+0.5%* 4.2+0.8 P=0.472
Timed up and go(sec) Pre 4.8+0.7 5.0£0.9 4.9%0.9 F=0.588
Post 4.6+0.4 4.6+0.7 4.7+0.8 P=0.561
One-leg balance with Pre 84.7+61.5 89.4164.6 128.4+43.8 F=0.654
eyes open (sec) Post 94.2+60.6 118.1+73.8 119.5+70.3 P=0.527
Functional reach (sec) Pre 30.7+4.3 31.2+4.2 32.6+5.5 F=9.444
Post 35.344.0%* 35.4+3.5%* 33.0+£7.0 P=0.001
Sit and reach (sec) Pre 34.8+5.5 31.7+£10.7 29.2+10.8 F=1.583
Post 37.2+6.3 34.5+9.7 27.7+12.9 P=0.222

Values are mean £ SD.

*P<0.05 vs. Pre ; " P<0.01 vs. Pre

AR-M: aerobic exercise before moderate-intensity resistance training, RA-M: moderate-intensity

resistance training before aerobic exercise, CON: control
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Figure 6. Comparison of low—intensity vs. moderate—intensity, AR-L vs. AR-M
(A), RA-L vs. RA-M (B), in functional reach test.

Values are mean = SD. $P<0.01 Vs. pre, #P<0.01 significant interaction
AR-L: aerobic exercise before low—intensity resistance training; RA-L: low—
intensity resistance training before aeobic exercise; AR—M: aerobic exercise
before moderate—intensity resistance training; RA—-M: moderate—intensity
resistance training before aerobic exercise; CON: control
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Fig. 7. Changes in 1RM strength of subjects before and after 10—week intervention
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Table 6. Changes in CAVI of subjects before and after 10-week intervention

AR-L RA-L AR-M RA-M CON

(n=10) (n=12) (n=12) (n=11) (n=11)
CAVI  (m/sec) Pre 8.5+1.6 8.3+0.8 8.1+0.9 8.4+1.0 8.2+1.2
Post 8.7+1.1 8.6=+1.0 8.3+0.7 8.4+1.0 8.6+1.3

Values are mean *+SD.

AR-L: aerobic exercise before low-intensity resistance training; RA-L: low-intensity resistance training
before aerobic exercise; AR-M: aerobic exercise before moderate-intensity resistance training; RA-M:
moderate-intensity resistance training before aerobic exercise, CON: control; CAVI: cardio-ankle

vascular index
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