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(kcal/H)
1,500

1400}
£ 1300

& 1100
1000}

3 8

3% 40 45 S50 55 60 65 70(kg)

HE
1 E:ERRNEONRG

BREEMAOERAME (BN ' kea/B) LAR (kg) %8H

BicFoy b Lk, 7, 2BBRE (83%) W2 BRANR:

HROMOEMER (KR & PHUBTMBRE (5 &0

P A ’
n=83, y=1124x+527, r=058, p<0.001
I + e e AR

(kcal/kgth®/R)
31,

35 40 45 50 55 60 6 70 75  80(kg)

3
3 GhELAERNLHOERRBEOBHE

BRESBADOKBRRME BRYZY [ keaVkghR/H) &kl

(kg) ZBABICT0y L. T/, LBRE (838) HTS
ERAMR L REHROMOEMER () LTHM= T
B2 (AR Emir.
n=83, y=-019c+312, r=051, p<0.001
PEE + e iR

o7z (&3),

BMR (kcal/R) 23 HMICAEL2Zi Do %
LBM OFHETEE, ABEY7Y D BMR (kcal/kg &/
H) A%hRHs, EMEBLABRLTHECKED o7,

EATE? OBREICBYL1HY-DDOBMR O
FE 1,132kcal/B, EEL - ) & BMR i 23.1kcal
/kg hEB/BTH o7 BSA%7-h D BMR 1324 ¢
2.4kcal/m’BSA/BFTHH, AEORBREOME
(31.3 % 2.6kcal/m’BSA/K) DIT ) HHEIDE Do 70

3. BABEEDE

EHROBRECBIABEY ) ORXBEIN

(24)

g 1300
”

] !
B 1100

R I

(kcal/H)

1500
1,400

1,200

1,000

5 3

30 3B 20 5 50(kg)

. 73171173 - 4

‘H2 RS R & XRCHHE DB
HBRESBAOLRAME I : kca/B) LREBHIR (k)
RIS TOY LA, 4, 2EBRE 83%) BT 2El
KRR RBYROMOEMIHR (LK) & PHMH « EEEHRR
Z (i) thir.
n=83, y=106x+341, r=066, p<0.001
EE + K e E

fid 342 £ 49 ml/kg/min TH Y, 19RPD LOBAR
MR (mi/kg/min) OEHFEXSORBM O @
Average (298~ 370) OBEATHY, FywnHh
RbOoRMATH oL EALNS,

4, MBERERR

NEVOE Y (KBERM 115~ 150g/d1 (UTFR
), "2 bF2Uy b (348~450%) BE+hZh
13.0 £ 0.8g/dl, 399 £ 20 % TChoiz. RILVAF U
— N (120 ~ 219mg/dl), HDL 9V A5 u—i (45~
75mg/dl), BEIREG (30 ~ 149mg/dl) DRERZH
N 176 £ 29mg/dl, 66 = 12mg/dl, 62 + 25mg/dl
THY, 2BRECBIITRTOHABIZBVWIES
BHNTH -7 FRBBRBOKEMCLHS T; (76 ~
177ng/dD) 12owWTH, 108 + 17ng/dl TH Y, Rl
ATHh-7,

% ®

APRTHE L - #BRED BMR (kcal/H), HEY
729 DBMR (kcal/kg HE/H) 1, #hEh 1,110 ¢
112kcal/B, 215 £ 2lkcal/’kg hE/ATHY, “ho
DEZDRIs-] THESh T2 18~298 /D
BMR (1,180kcal/H) 3 X UM HEHMA (23.6kcal
/kg5B/H) XY ENZFR, T0kcal/H, 2lkcal/kg &
H/H, MW EIHSLI LR,

FRROBRENG R, hE (1596 + 58cm, 519 =
58kg) & b DRIs—J D 20 AR B MARLT (157.7cm,
500kg) X DKREWOT, ZndbERSNSBMR b
REwt#fshs, LiL, ZHEOHEKRED BMR
(kcal/H) B L UHEY7:Y) »BMR (kcal/kg hE/H) |
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#3 RIEBUROTHME+1/2NEEE TONRAIC L 2 HEER L ZRRNR

‘ ' EEE hER 1]
IR (%5LBM) (n=30) (n=29) il
BEREFE (%LBM) (%) 717 = 20 760 £ 10° 808 + 23%°
£ (&) 26 = 21 27 + 17 234 = .20
- g3 (cm) 1501 + 41 1582 = 71 1614 £ 55
*hE (kg) 546 t 57 520 + 56 483 = 40>°
Fehs & (kg) 161 = 27 133 . £ 16° 101 =+ 18*°
LBM (kg) 391 = 36 395 = 43 390 + 32
"BMR T (kea/H) 1113 ® 102 1093 + 124 1126 % 106

(kcal/kg 6B/ H) 205 + 14 211 = 18 24 £ o99%°
(kcal/kg LBM/H) 285 * 19 277 = 23 20 = 26

%$ﬁAkﬁ(&%)®$EM$0¥ﬂﬁtL@ﬁﬂﬁ%@ﬁfﬁ#ﬂﬂﬂk!#&ﬁ&&g&ﬁﬁi%*ﬁﬁiﬁﬁﬂﬁ

TRLAGD, 4
'LBM : RiBDR, BMR @ Z@Rmi
3, EiEELDE, b PHRARL DX p<005

W DRIs-J DX D b Ehoto LdoT, X
%, 2 D AREELHED BMR %, DRIs-] TRA X
MTwalizhdhsnwZ Lix, B8, hEEWVIH
BOZTIREABTCE LV,

R, B3ICHRT IS, EY7hH O BMR
(kcal/kg thHi/H) BEBENAE L 251 LBEV#HER
FTIERASATWE W, i © 13, HREDEKEN,
WEFNEREE (513kg) X h lokg k&L 2hid, #
B47-YDOBMR X, TDEMMEL D 2 kcal/kg i
/B, BELRBLBHELTWE, LAIL, EHROER
FOEMITEMAER (500kg) LHBLT, 19kg LH
RELZWIZO»9bLY, #EYZH D BMR 3%
PARMERE (236kcal/kg E/H) X b, 2lkcal/kg
HhB/HbNEhol 2T DARIIZRZALTHLD
2, A ROBERBCBII24EY Y0 BMR
(kcal/kg 53 /H) X, DRIs—] Q&ML h HhEwn
EVWHITLTHB, LIHoT, BELZDDOBMRD
ZHLRADETRRHATE LY,

ChETELOWMEHRHEICEL T, LBM (kg) ¢
BMR (kcal/B) IZXK&2EEE525ZLMMLNT
W5 Y, AFROBBREICBVWTHIRAFy 774X
BEEBMT 24T o 22455, LBM XBMR ICB L H5F
ABETTHY, LBM T3 %HBTEBIEIREA
7ze %7z, LBM & BMR OHBHEE r = 066 TH Y,
k& & BMR OHBIHE%K (r =058) Ly d%<, SEE
b LBM D33 Ak &4 o7 (91.9kcal/H vs 85.4keal/
A)o L72#%%5T, BMR (kcal/B) iZi3E XD
LBM 2k D B EBEEATwWALEZ LN,

FIT, LBME WS AR L, RFRD 20 RRK
7 BMR #%, DRIs-] TSRENT WA ERRBHER L

(25)

DIPMEWARLBOLIIZTERDIIZ, EHFRL,
DRIs~] O ERRBERMBE NI L 2o - X ERH R
e~ LRI ITbh - EE Lo BMR & LBM
FREL TR LM - R L1,

FEATHIR ¥ 12 1958 ~ 1960 £ H i THERAB L
208 B MRE LTKPARRREICL ) 25ERE,
FI5A%y FEICI Y BMR 2B LBELTw 3,
OEATHR 2 TR LAKBERRRE L AHETH
W/ DXA Bt RREENR % 5. —BEIKPEEFR
B B L < DXA i, BEICL )RR LAX
FETZ2EMAHE 7 L) BENDH LD, Re DM
H L7: Hologic #t3 QDR DRB TR O W -, A+
BEEL, BLAYZERRVIELHEShTWE v,
L7edoT, AEHEEICBL TANEOMHITERTE
ArEZOND,

—7%, BMR OHlRFERBRREDL ¥ 3 28y ¥
EXAVWTBYRULTH o7 LML, SoOXTFHRE?
DEXCEHRERNCBET2ERELI o7, BRI
Weir® OEBRBRORXE Ao LB, Weir® 0
ERIIC—BMICE AW RAFEE LT, BRRE
X AMBRNEK D IS 2 BMR 0RHEENDH Y, &
TR T oFETRAVWETEEX D2, 22T,
BFREDMEZ CORBRHIZL 2% BRERBVCHH
L7223, Weir® DR AV EETRBEBD S
hiadol (p=086)e L7A>T, BMR DOdtHAE
PRLAZTEHBERFELLNLY, LELIZL THEH
ROMEEBT L LHTERTHELELONS,

K2IIRLE )2, FFFED BMR (kcal/H)
1,110kcal/H, %47Hi%0 BMR it 1,132kcal/B (BSA
L7:)DBMR QML DEHELAME) ThHY, #Edhn
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LBbh3, ZFRNBREDOH R, KEIZLTHE?
LHBLTHERIIRV T o L1225 T, #E,
SETIE, BMR 2D VT L 2 HETE LV, —F,
LBM BRABICHBLZEN S D o2 LINoT, Wikl
D BMR IZZM 2 WwDiE, BMRIEHLTKE 2 EES
535 LBM SHBICZN WS L bLBHTZ o LAt
TirLEZLhS,

#EY72) O BMR (kcal/kg #hE/RB) b kifTHise?
DECERTEHROMHIMENL I IRLB. Ll
%47 TI2, BSA %729 @ BMR OA L H R
{, D35 D BMR DHIZMAINHZ KBIZTE 2V,
—%, AHROBEREICHIT2 BSA %729 ® BMR
- (keal /m’BSA/BS) WEATHFR ® O b A RICEH
ol L72HoT, HEAMIZIEEBETH LA, AR
%72 h @ BMR b %7558 2 D fic k< TAFHRDE
MEERYEh s, BMRICLBM K2 gt s
XBZLRRLAN, KEL7% D0 BMR i2% LBM A
EEL5R2MEENDL., —BRNICSEERERL
AHE, %FaadAVORD, T TRLS%LBM It
B LS BAD S, % Fat &K Sh M
THY, FEAREBULBSMDREILIPL
vio LA L, ABIRTIRBMR KB HEE5 2T VA
HBFELCAFy P74 XBEMMTOER, BMR IC
F5LTVWAETIRMR T2 LBM Thoteo L
70T, TS TIH%LBM 2 HVTHET 5.

AHAL BAITHR? OBMROELYBRT AL %
BHELT, ZHROHERE L% LBM OETIRIH
¥, EDHEEY2Y D BMR (kcal/ kg B/H) i
FRE L7 TORR, RICRTEIIE, %LBMOD
BABIBI B4R YD O BMR I, 1350 2 BOM
IDLAEBICKE, EMAHMERME (keal/kg HhR/
H) LiZZALTHAILMALIE LS. —F,
EhEh$%LBM BEBOAEKY=DOBMRI, %

BB L ML T/h S v, BITHIR 2 D% Fat -

A199%THY, % LBM IR T2 L, 801 %L % B,
%/, FWRN% LBM Bflift 0% LBM 12 808 %TH
b, RIHLW, —%, % LBM HIMES L % LBM (&
EBN%LBM X, ThTNh760%, TL7%THY, &
FTHRERPD%BLBM L O b hEw, ChooRHE
2, % LBM 2 ZERAMERHEARTLBHEIMELFALTH
3%6, BREERENKE LA YD BMR (kcal/kg
BE/H) CEX2L, %LBM BUHOEL ) H/AE
WwZeitkh, BREELHDEE L) D BMR AUh
BnEWnHILERBLTVEEELLLS,
BLE2o0BE#ERS,S, BMR (kcal/H), 82U
RE Y7 ) D BMR (kcal/kg #hHE/H) #DRIs-] n%
RAMBRMLEEBLTASIo-BHELT, %

(26)

* % 2 8B i

LBM DA EBAM L BB RYEE L LTSV
ENTRBFETHEC EATFRE iz,

LaL, LBMICitit4 2@satheBh, %4
BRIIoTIANVK-REBHEELLREZ>TV S,
& 21, Elia® 2 X hid, BB 440kcal/kg FFRE
R/B, BRBIZBWTIE 13keal/kg FER/H : BE
EhTwad, o1 1958 ~ 1960 £ L BAE S Tic, BH
HEFDOLLBM Y 0 AV F—RPEHRR LT
WARTBEIFELLIE, #2C, LBM%2Yo
BMR ML 7zo £0O#&R, LBM %47-h » BMR i
29.0keal/kgLBM/HCH h, RBIEOKR (284 +
23kcal/kgLBM/B) :Z#thwkBbhi, 0% 1,
LBM %7: ) © BMR 3 5 QME B0 5285 & ol L
TERLTES T, BlAHRSHDIZ%LEBM THE
BT PN YR

¥ & o
BREEBALZEOEE Y2 ) D BMR (kcal/kg #
HE/H) 2 DRIs-] KRB ENTWAMEED b, IEho
Foo TOEBMELT, HBRMBEMBBTE Y (1958
~ 1960 %) © 20 RREBICHNT, BROEELY
2% LBM 252 E MEBL TV A L B bir,

| 23
FWREEET HIC L), BREOBR/IZTHHW
Pelini:, RUKFRE, EREFRE, HIBRKA
%, BREXZEY, SLoBMISL L DR L
9. ILRALIER, CHEEVAEETLAG®
BV« REFRFOLAINK-RF72 V=2 b
DEE ALy 2 0 SRR 1: PR S Ry -
HERNFORHBETFEIILIOBHALET, B
®iC, MREBITTACHLNVBREBHELTLE
EoAMRFAMH A K54 7adzr by~
—DEBTEWL LI LD LT I2RENBE TS A
DERICLI WELHILELETES.
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Basal metabolic rate can be easily and accurately estimated

by measuring of LBM in young female

¢ Eri Takahashi*, Chiyoko Usui***, Izumi Tabata***, Mitsuru Higuchi**

£ #9

HEAR—YBFEROCEMN L EEBEOL ERLEERLEOEBRENRHE (Basal metabolic rate : BMR) & &
AR ORE 21T, BRIENE (Lean body mass | LBM) *5BMR % BV AEE CHEWEEN LD A REF L. #
< BB, KRERBRICHTBET A aM42% GERE) L EHHL IR ELEAENNLBHEBOL VW RELEEL
H42% GEEER) Thos:. BMRIEY V5 RA/8y FEIZT, LBMIBTEI AV — XERIGEIC L h#lE L.
EHBRFEEHHE LV ILBMAFRICE o7z, EMSNABMRIGEHE S FEBH LIV LAEIEI o7
(1311 = 138 vs. 1146 = 8lkcal/H) 4%, LBM¥47- 9y TAh S L, BMRIZTWERICEELENED oL h o772 (CFHE
Twghd 278kcal/kgLBM/H). B A R—YEELL ¥ — (JISS) HERL TV AHEEX (285 (kcal/kgLBM/
H)XLBM (kg)] i & 0 Red/-EB)E & IEHBOENZNOHERZBMR (kcal/B) 1t, EMBMRE & —KLT
Wi AL L o T, BEREICBWTE, AR—VEFEID Y CTLEHFBOLVEEREICH LTS, JISS
HERIZL > TLBMA» 5BMR # B ICHEWHEETHEETE S 2 L FHL D t’:ﬁoﬁ_

F—-7—F &R~V EF, EHBFBOLVEELY, ERAHE, BRENR
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Abstract

The basal metabolic rate (BMR) and lean body mass (LBM) were measured in well trained and height-matched
untrained young women. The subjects were 42 female collegiate athletes and 42 untrained women. BMR was
measured by using indirect calorimetry. LBM was assessed by dual-energy X-ray absorptiometry. While LBM
(472 £ 42 kg) and BMR (1311 + 138 kcal/day) in trained women were significantly heavier and higher than in
untrained (LBM 41.3 £ 2.7 kg, BMR 1146« 81 kcal/day). no significant difference of BMR in terms of
kcal/kgLBM/day was observed between the two groups (trained 27.8 £ 2.5 vs. untrained 27.8 = 2.0
kcal/kgLBM/day). Estimated BMRs obtained by the equation of Japan Institute of Sports Sciences [28.5
(kcal/kgLBM/day) x LBM(kg)] in trained (1346 + 121 kcal/day) and untrained (1178 = 77 kcal/day) were well

coincident to measured BMRs. respectively. These results suggest that BMR can be easily and accurately

estimated by measuring of LBM in both trained and untrained young women.

Kew words : Female athletes, Untrained young women, Basal metabolic rate, Lean body mass

I. #8

BEPOBEPICIANF P EEREZLENTE
LT, BEFHEIREL TS [BRADOEEHR
Hugi#e (2005€hR]1] ® (BAF, DRIs-J &E&F) ASHW
LbhTWwhb, FDEMNT, TAINF—DARRDVRAIR
CE#MD) A7 OWENFRLPS LI BEMELLT,
HE T XA NVF—LEE (Estimated energy
requirement : EER) oS EBA s Twa., EER
L, BERBOLEXAEEAL, BRTHEEOLIFE
BEEATVLIHRANORBYIEHRE LTRES LA
bOTHAH. LT, TOEELLZAIEBRRHE
(Basal metabolic rate : BMR) {ZEIHE, B & UL,
TP, B COMNRERE, SSIIXERHIEGD
WREOE-ODICETIRBLAVF—BTH Y, HILRIL
RPHOBROLVIKETHESINSE. ZL{DFFICL-
ThiA LBEERIREINTED, Z0LEIMHE LY
FEBwl—RAFER (Y=aX +b) »EHKTH 2 9.

LaL, AFETR, REEERLZAR -V REOHY
TIOWHEICBMREEETE S &L 12, FEICERER
HHERMEZ 2T TRODBFESFHORTVEY, 20D
FEIHETDH 545, FEARPEBIN TR WD,
BECHEN SDLEZONSD. BMRIZEERX RIZT
BFELTH, KEEDY TR, HEEK, FICRE
Fi& (Lean body mass : LBM) #BMRICKE& L8
FRIZLTWwAZ LIZLCHLNTV B,

EMAKR—vEE+L % — (Japan Institute of
Sports Sciences : JISS) Tifbh/i7ud s MK
HMETIE, DRIs-JCRREN TV HHEL L ZBMR &
FEN2GEEAREERT S0, LBMEHAVTA
R—VBF2HRE LABMROEEEIRRENTW
57 ZOEERIE, RKR-YDT 14—V FIIBVT,
EICBMRAEETAI L2 HME LTRRENLD
DTHAB. ZOWEERELHVTBMRERD, 25612
BHEERE (Physical activity level : PAL) #HWT
AR—VBEDIAINF—HBEEELRDDLZEICLD,
REZANF—LEELYRBLDILHMNTES. T,
AR—VBFEORBRZRITHBICHRLL, 3V 74
YA TRNT k=T VADBLIZOEMNBEELS
has, L»L, JISSTHbhAz7udcs b Tid,
DRIs- JTRIREN TV A E#EL AV TBMR ##EE L
Thh, ZEAEEZHCLZLOTE R, FO0,
BMREEDHEEIIDOWTRITILENH D LBLN
5.

I T, BAMETIE, DEORTHREZEEZ, HE
LEAR -V RFEBHBEO L VEFERENBMR &
BEEBROBER T, FhEFhD TV —7DBMR
(kcal/H, kcal/kgfk®E/H, kcal/kgLBM/H) %85
ML T, JISSHRIZ L 2f{E L BMR DiEERIEE
HHRAKX—-VBEB L CEHBRO L VEERED
BMRIEEIZE > TREMEI M ERFT AL EZER
L7
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M. 75

A WERE

HRELIBREIREGFRCHREL, FA%LL
Lo 7R h L —= v V2 HENIT>TwAK
2% GESE) &, BEOEHFBICEHLTLEMIC
7 vy — b RAEERTY, 1EUEERR 2 ESIEED R
{, %4 (Body mass index : BMI<18.5) R AEi#%
(BMI=2250) LHEShiav@REEFLE2E OF
EEE) O8E84BTH S, EHBICHES NAHER
ZW3H oy h—8, 70X, FTV—-F1 78, N
ATy PR—LVE, F—rRIFBRTAEFTHY, ¥
EEHBEOEEBREIFES Y ORITHRTHRE o7&
ﬁ%@@&w%@ﬁﬁ@&##%,ﬁ@ﬁt%ﬁu%ﬁ
HaWwEHITRKELICAATH S,

BRI, MALTBUEAERLRE - RENER (AR
ERRLTHEYEENHARICETHHRERS] OK
ZEB/BTEMLA. WECH-T, HRECWEOE
B, i, TR, EmEE, F-sBFERLLARIIDOVT
HAERITY, BEICLA2EELEL.

B. 1448 & B AR DBIE

BE, REIHR* BT - BHAEEBIZHEL,
BMIz&EH L. K&, BREBEOHEICIE, =
Ex Al ¥ —XHEBIXE (Dual-energy X-ray
absorptiometry : DXA i, QDR-4500, Hologic#t8) #
T3, REHEEKD ) HLBM (BEELXBRWVW) &
FIEE (kg) OME LTERDA.

C. E#HE (BMR) DAIE

AE R ERAROFRFHOFMERY 217V, EERHEH
L, ARSIBELOEBEL THS5~ 14 HOSMRMIC
Ei L7z, SEEREFIGEER BB L WEB) % BT,
MEOFHIBITISEERY) DS EEZERY, T0R%RIT
KUANDEREIZ LK) IR L. #ERE I, e
BYHICIIHAE S EXTICHEREZIC8RRICENL, 9
BhOHEERMAE L. BRIITFH2B2CTOEHTIC
BWT, EE - (MRARERKEB TERERL BTN
L7z1%8i12, BMR%A#IE L7:. BMROBIERV FL 77
A7 R BHFBIOTULWRS %, WEALOZ X,
75 A%y FIZ100HEONRESTHEDA ¥ & —3 )V

%Bb"CZl’E‘lﬁéHYZLf:.

ERRRISERE - RBIRET, 2598EBLALE IS
5H, EREREHCTHEZT, 36TCHIERTHS
CLEBELT»SBMROAER T4 T2, 448
BUFEORMICAZLEZLT, I5PHBHHEHI4
&L, 60MARIHETHA L 2FHERL THSBMROFE
fTol:.

ST REE, EBICAHARAA—%— (DC - 50, alll
BEATR) CTHRABREZWETHE & B, HESHE
(ARCO - 1000, 7 V2 ¥ A7 L4 #HR) #HVTEED
LUZBLRFOBRE L S L TREENE /D) %
BHL, Weir o2& h 145472 ) OBMR (kcal/5)
R 5121440 () #HMEL, 1HELYD
BMR & L 7.

D. M#AKRE

ROV RPZMEBRICERBL, ~NESOEVIRE, N7
r2 ey bE, FYI—FFa=r (Trilodothyronine :
Ty) BELXMELA. MESHFTIE B =&LFELE—
I WIZEEELT:. NEFUEVRBEBLIUAT NS
Yy MERBEMRSFEBELERAL, THRER
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Abstract Ventilatory threshold (VT) is an important
predictor of cardiorespiratory fitness, such as peak
oxygen uptake (Vozpeak), and is a valuable index of
aerobic exercise intensity. However, little is known
about the role of skeletal muscle (SM) mass in the age-
associated decline of VT. Therefore, the present study
was performed to investigate the effects of age on
cardiopulmonary fitness normalised for regional SM
mass in 1,463 Japanese men and women, and to
determine the relevance of VT normalised to SM mass
based on age and gender. Total, trunk and thigh SM
mass were measured using an ultrasound method,
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while Vozpeak ‘and VT were determined during tread-
mill walking. Vo,peax Was estimated using the predicted
maximum heart rate (HR) and the HR-V, relation-
ship for sub-maximal treadmill walking. There were
significant negative correlations between VT norma-
lised for body mass and age in men and women (P <
0.001). Age-associated declines were also observed in
VT normalised for body mass in both men and women;
however, VT normalised for SM mass was not signifi-
cantly different with age. Significant correlations were
also observed between thigh SM mass and VT in both
men and women. These results suggest that thigh SM
mass is closely associated with VO;peak and/or VT in
both men and women, and the decrease in VT with age
is predominantly due to an age-related decline of SM
mass. Moreover, this study provides normative car-
diorespiratory fitness data regarding VT normalised
SM mass in healthy men and women aged 20-80 years.

Keywords Age - Anaerobic threshold - Gender -
Skeletal muscle mass - Ultrasound - Vo,peak

Introduction

Low levels of cardiorespiratory fitness, such as peak
oxygen uptake (Vozpeak), are risk factors for future
cardiovascular mortality, as well as mortality of all
causes in middle-aged and elderly men and women
(Blair et al. 1995, 1989; Fletcher et al. 1996). Although
measurement of VO;peak is important to classify an
individual’s health risk, the accurate determination of
Vo,peak requires a maximum graded exercise test
(GXT) performed on a treadmill or cycle ergometer.
However, GXT are accompanied by a certain degree

& Springer
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of risk, such as myocardial infarction, and the need to
consider the subject’s motivation even in healthy
middle-aged and older individuals (American College
of Sports Medicine 1995). Therefore, predicted maxi-
ma! heart rates (HR), such as 220 minus age, are
commonly used to estimate VOzpeak using the HR-VO2
relationship during sub-maximal exercise (McArdle
2001). The ventilatory threshold (VT) has been defined
as the point when the changes in ventilation (VE) are
disproportionately greater than the changes in Vo,
with increasing workloads which occurs at the lactate
acidosis threshold (Wasserman et al. 2005). The VT
can be used directly and accurately as a measure of
cardiorespiratory fitness (Gaskill et al. 2001), and is
also useful for evaluating the training effect in low to
moderate intensity physical exercise (Zhang et al
2003). Furthermore, it has been shown that the changes
in VT in low to moderate exercise are associated with
cardiac autonomic nervous function, which may be
used clinically as a predictor of cardiovascular mor-
bidity and mortality (Tuomainen et al. 2005). Thus,
when studying the effects of aging on cardiorespiratory
fitness, both Vozp,ak and VT are key factors.

The age-related decline of Vo,peax has been attrib-
uted to changes in body composition, especially a loss
of skeletal muscle (SM) mass, or sarcopenia (Fleg and
Lakatta 1988; Frontera et al. 2000; Proctor and Joyner
1997). SM mass is important for understanding the
decline in VO;peak with age, because the arterial-ve-
nous difference for oxygen in SM is one of the deter-
minant factors of VOzpeak according to the Fick
principle. Previously, we reported that lower body SM
mass measured by magnetic resonance imaging (MRI)
was strongly correlated with Vozpeak during running
(Sanada et al. 2005), independent of body mass and
fat-free body mass (FFM). However, to our knowl-
edge, there is no evidence supporting the relationship
between VT and total or regional SM mass as a func-
tion of age in a large population. Therefore, it is nec-
essary to clarify what factors are important for
normalisation (i.e., body mass, FFM, SM mass) in or-
der to accurately evaluate VT.

It is difficult to accurately quantify total and regional
SM mass because it requires the use of MRI or com-
puterised tomography (the gold standard), which are
costly and time-consuming for analysis. Recently, our
laboratory developed several regression-based predic-
tion equations (Sanada et al. 2006) of SM mass based
on B-mode ultrasound of muscle thickness (MTH). We
have further demonstrated that use of these equations
are a valid method for predicting SM mass in healthy
Japanese adults, and a viable alternative to costly MRI
measurements. Ultrasound has been widely employed

@ Springer

for measuring SM size in vivo (Abe et al. 1994; Kubo
et al. 2003; Reimers et al. 1998). This method is prac-
tical for large-scale studies, most notably because of its
portability (~10 kg) and ease of taking measurements
in the field.

The purpose of the present study was twofold: (1) to
investigate the effects of age on cardiorespiratory fit-
ness normalised for regional SM mass, and (2) to
determine the relevance of VT normalised to SM mass
based on age and gender.

Methods
Subjects

Fourteen hundred and sixty-three healthy Japanese
men and women aged 20-80 years participated in this
study (807 men and 656 women, 49.3 + 13.5 years).
None of the subjects were taking any medications
known to affect the study variables, such as beta-
blockers or hormone replacement therapy, and all
subjects were members of a fitness club. Most of the
subjects routinely performed moderate aerobic and/or
resistance exercises. The purpose, procedures and risks
were explained to each participant, and all subjects
gave their written informed consent before participat-
ing in the study approved by the Ethical Commission
of Waseda University. Subjects with any of the fol-
lowing conditions were excluded from the study: sig-
nificant cardiovascular or pulmonary disease,
uncontrolled metabolic disease (diabetes, anaemia, or
thyroid disease), or electrolyte abnormalities.

Measurement of VOzpeak and VT

We measured the body mass, height and waist cir-
cumference of all subjects before measurement of
Vopeak and VT. VO, during a treadmill walking test
was measured using an automated breath-by-breath
mass spectrometry system (Aeromonitor AE-280S;
Minato Medical Science, Tokyo, Japan). Subjects
warmed-up at 40 m min on a 4% grade for 3 min.
Then, the treadmill speed and grade were increased by
15 m min” or 5% alternately for each successive
minute of walking until subjects reached approxi-
mately 85% of their maximum HR (220 minus age).
We developed this protocol based on the metabolic
equations for gross VO, (American College of Sports
Medicine 1990). Previously, we validated this protocol
in 104 healthy middle-aged and older men and women
(Sanada et al. 1997). Lehmann et al. (1997) confirmed
that the treadmill exercise protocol designed on a
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theoretical basis to span a range of 0-200 W in incre-
ments of approximately 25 W by alteration of either
speed or grade from one stage to the next should
correspond to a standard bicycle protocol consisting of
25-W steps. VO, during walking was calculated every
30 s. The electrocardiograph was monitored constantly
during the exercise session and was also used to mea-
sure HR at intervals of 30 s. Ratings of perceived
exertion (RPE) were also recorded every minute dur-
ing exercise. VO;peak was estimated from maximum HR
using the HR-V, relationship for sub-maximal exer-
cise. VT was estimated from ventilatory equivalents for
oxygen (VE/Vo,) and carbon dioxide (VE/Vco,) as
described previously (Caiozzo et al. 1982). VT was
determined from Vo, as the point of inflection where
the VE/Vo, ratio was at its lowest and then increased
progressively with further increments in treadmill work
rate, while at the same time VE/V, reached a plateau
or declined. The modified V-slope method where Vcoz
was plotted against Voz was also used to support the
estimate of VT by ventilatory equivalents (Beaver
et al. 1986). In this study, 1,367 (755 men and 612
women) subjects met the criteria for attainment of VT.
The VT was similar with a small (< 2%) and not sig-
nificant difference between the observers. The Vo,
should be proportional to L? or M**, where L is length
and M is body mass (Astrand and Rodahl 1977). We
applied this calculation for VT and VOzpeak-

Ultrasound MTH and measurements

Ultrasound has been widely employed for accurate
measurement of the SM size in vivo, and this method
has been shown to be highly reliable and valid in pre-
vious studies involving measurement of muscle thick-
ness—MTH (Abe et al. 1994; Fukunaga et al. 2001;
Reimers et al. 1998). The MTH determined by B-mode
ultrasound was assessed at six sites on the anterior and
posterior surfaces of the body, as described previously
(Abe et al. 1994). The sites included: the anterior and
posterior upper arm, a point 60% distal between the
lateral epicondyle of the humerus and the acromial
process of the scapula; the abdomen, 2-3 cm to the
right of the umbilicus; subscapula, 5 cm directly below
the inferior angle of the scapula; anterior and posterior
thigh surfaces, midway between the lateral condyle of
the femur and the greater trochanter.
Ultrasonographic evaluation of MTH was performed
using a real-time linear electronic scanner with a5 MHz
scanning head (SSD-500; Aloka, Tokyo, Japan). The
scanning head with water-soluble transmission gel,
which provided acoustic contact without depression of
the skin surface, was placed perpendicular to the tissue

interface at the marked sites. The MTHs were measured
directly from the screen with electronic callipers, and
determined as the distance from the adipose tissue-
muscle interface to the muscle-bone interface. Total
and regional SM mass were estimated using the equa-
tions of Sanada et al. (2005). The MTHs were converted
to mass units in kilograms by uvltrasound-derived pre-
diction equations using site-matched MTH x height,
which were then used to calculate arm, trunk, thigh and
lower leg SM mass. Strong correlations were observed
between the site-matched SM mass (total, arm, trunk
body, thigh and lower leg) for the MRI measurement
and MTH x height (in metres) in the model develop-
ment group (r = 0.83-0.96 in men, r = 0.53-0.91 in wo-
men). In addition, the SM mass prediction equations
were applied to the validation group, significant corre-
lations were also observed between the MRI-measured
and predicted SM mass in vivo(Sanada et al. 2006).
Moreover, in another study the reliability of image
reconstruction and distance measurements were con-
firmed by comparing the ultrasonic and manual mea-
surements of tissue thickness in human cadavers, and
the coefficient of variation for the MTH measurements
was 1% (Kawakami et al. 1993).

Measurement of FFM

FFM was estimated from body density using the sub-
cutaneous fat measurements from B-mode ultrasound,
as described previously (Abe et al. 1994). Body density
was estimated from measurements at the six subcuta-
neous fat layer sites, as described in the previous sec-
tion. The standard error of these estimates using the
ultrasound equations was ~0.006 g ml™ (£2.5% body
fat) for men and women. Body fat percentage was then
calculated from body density using the equation de-
scribed by Brozek et al. (1963) and FFM was the dif-
ference between body mass and fat mass.

Statistical analysis

All measurements and calculated values are expressed
as the mean + standard deviation. One-way ANOVA
was used to compare age decade and gender differ-
ences for the following physical characteristics: total or
regional SM mass and VT or VOzpeak, body mass, BMI,
percent body fat, FFM, waist circumference, total SM
mass, trunk SM mass, thigh SM mass and absolute or
normalised VT and VO;peak (Tables 1, 2, 3, 4). In cases
where a significant F value was obtained, Scheffe’s post
hoc test was performed to identify significant differ-
ences among mean values. Pearson’s product correla-
tions were calculated between SM mass and VOzpeak or
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Table 1 Physical characteristics of subjects

Gender and age n Body mass Fat-free body Body mass Percent body Waist circumference
range (years) (kg) mass (kg) index (kg m™) fat (%) (cm)

Men

20-29 55 732 + 107 603 £ 5.9' 243 +33 182 + 64 737 £ 6.7
30-39 110 72.0 + 9.3 582 + 621 243 +28 188 £ 54 752 +78
40-49 205 71.6 £ 9.6' 583 + 6.8' 245131 182162 775+ 72
50-59 205 70.5 + 9.3 577 £ 6.11 247 +28 18.0+53 80.1+78
60-69 167 67173 553 %51 240+22 17.4 + 3.9 833193
70+ 65 63.6 +5.8 529 + 41 23117 16.6 + 3.4 881x56
All 807 69.9 +9.2 571 62 24327 179+ 53 8741177
Women

20-29 61 534 +58 40.6 + 3.6 206 + 23 235+ 71 82.8+9.8'
30-39 158 524+170 40.1 £39 205+ 25 229+ 6.8 85.7 + 7.6!
40-49 173 533 +66 400 + 4.1 210+ 24 242 +72 87.4 + 83!
50-59 150 53.0 £ 6.7 403 +38 214 +24 233 +58 893+73
60-69 101 54.0 £ 6.6 400 + 4.4 224 +26 258 5.0 876 £ 66
70+ 13 554 +5.0 41535 228+22 249 + 4.8 869 +59
All 656 532 + 6.6* 402 + 4.0* 212 + 2.5* 239 + 6.4% 78.4 + 8.4*%

1 Significant difference in the 70- to 79-year-old group (P < 0.05)

*Significant difference in all male subjects (P < 0.05)

Table 2 Total and regional SM mass in men and women

Gender and age »n Total SM Trunk SM  Thigh SM

range (years) mass (kg) mass (kg) mass (kg)

Men

20-29 55 281+33" 11.6+17" 105=+1.3"
30-39 110 265+3.6' 108+18" 99+15'
40-49 205 257+31" 104+15" 961147
50-59 205 248+32' 99+14 92 + 1.4t
60-69 167 232 +25 93+12 86+ 1.1t
70+ 65 21421 92+13 7.8+ 1.0

All 807 248135 10016 92+1.5

Women

20-29 61 153 +21 6308 58+ 0.8

30-39 158 14.6 +2.0 6.0+08 5608

40-49 173 15025 6.1+09 56+09

50-59 150 146 +£2.3 59+08 54 + 0.8

60-69 101 144 +£26 5909 52+09

70+ 13 139+ 2.7 5.8+07 49110

All 656 14.7+23* 6.0+08* 55%09*

1 Significant difference in the 70- to 79-year-old group (P < 0.05)
*Significant difference in all male subjects (P < 0.05)

VT (Table 5). Quadratic regression was performed on
VOzpeak normalised for body mass and linear regression
was performed on VT normalised for body mass in
men and women (Fig. 1). The alpha level for testing
significance was set at P < 0.05. All statistical analyses
were completed using Stat View v5.0 for windows
(SAS Inc., Cary, NC, USA).

Results

The physical characteristics of the male and female
subjects are listed in Table 1. Subjects varied in age

@ Springer

from 20 to 80 years and body mass index (BMI) from
15.0 to 36.0. The waist circumference increased with
age in both genders, but not the % body fat. These
results suggest that the accumulation of body fat occurs
in abdominal area with age. The reference values for
SM mass using the ultrasound method are shown in
Table 2. The men had significantly higher SM (P <
0.001) in comparison with the women in total, trunk
and thigh. Age-associate declines were observed in
total, trunk and thigh SM mass in men, but not in
women. Tables 3 and 4 show the values for Vozpeak and
VT in each gender and age group. Age-associated de-
clines were observed for VO;peak normalised for body
mass as well as normalised for SM mass (Table 3) in
both men and women. Age-associated decline of the
absolute VT was observed in men, but not in women.
This result is associated with gender differences in SM
mass (Table 4). Despite the age-associated declines in
VT normalised for body mass in both men and women,
VT normalised for SM mass was not significantly dif-
ferent with age.

Table 5 shows simple correlation coefficients among
age, and aerobic power in men and women. There were
significant negative correlations between age and
Vozpeak normalised for body mass in men and women,
and between age and VT normalised for body mass in
men and women. Moreover, there were significant
negative correlations between age and SM mass in
both men and women.

Significant negative quadratic regression was ob-
served between age and absolute Vozpeak, while there
was a significant negative correlation between age and
absolute VT in both men and women (Fig. 1). Signifi-
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Table 3 Absolute and normalised VOzpr.ak in various age groups

Gender n Absolute Normalised values
?::gzge value (L) Body mass Body mZ%ssm. l Fat-free Total S{vl mass Trunk SlM mass Thigh SM |
(years) (mi kg™ min™") (ml kg™ min™') body mass ) (ml kg™ min~') (ml kg™ min™) mas _(ml kg

. (mi kg™ min™) min~')
Men
2029 55 3.441066' 472+ 791 197.1 + 3241 58.7 + 7.6' 125.9 + 15.3 308.5 + 50.6° 336.4 + 40.17
30-39 110 3.15+ 049! 443 175" 183.3 + 28.0! 541+ 67" 119.8 + 17.11 296.8 + 47.51 3222 + 55.2¢
4049 205 3.04 £ 052" 426+ 58" 176.3 + 23.97 52.3 + 831 1187 + 16.6' 296.7 + 55.71 319.9 + 4821
50-59 205 2.71 + 045" 387 +5.71 159.7 + 22.61 472 + 6.6 110.6 + 17.31 279.2 + 52.7% 208.6 + 47.37
60-69 167 2.39 +0.38" 357 +5.3' 144.8 + 21.0 432 1 637 103.7 + 16.0 260.4 + 4821 280.6 + 48.0
70+ 65 1.94+032 30749 1221 £ 195 36.8+ 58 90.9 + 13.6 214.4 + 42.4 251.0 + 414
All 807 2.78 +0.61 398+ 7.4 163.6 + 30.9 48.4 £ 9.0 116.6 + 18.8 315.7 + 742 301.5 + 53.1
Women
2029 61 2.15+034" 405+6.17 153.2 £ 22.5 52.4 + 8.31 139.6 + 22.7¢ 340.1 + 6547 369.6 + 66.47
30-39 158 2.06 + 0.377 39.6 + 6.57 147.6 £ 23.57 - 51.9 + 7.67 144.1 + 24.0' 354.6 + 75.31 376.0 + 60.67
40-49 173 190 +0.36 359 + 6.3 1343 + 2321 47.6 + 841 128.5 £ 25.6 317.8 + 73.1 3458 + 66.5
50-59 150 1.76 +0.32 33.5+5.7" 1253 + 20.8 437 + 6.7% 1221 +21.0 303.5 + 60.1 3320 + 57.5
60-69 101 157 +030 29.1+48 109.6 + 18.0 393 + 69 1108 + 21.6 270.5 + 63.6 304.2 + 63.1
70+ 13 139+026 25350 952 + 18.7 33.6 %57 101.4 + 28.0 242.6 + 60.0 2972 + 86.4
All 656 1.87 +0.39% 354 +7.2* 132.5 + 26.2* 46.5 + 9.0* 1282 +£26.1* 2782+ 56.5%  343.8 + 67.6*

T Significant difference in the 70- to 79-year-old group (P < 0.05)

*Significant difference in all male subjects (P < 0.05)

cant correlations were observed between the thigh SM
mass and absolute Vo,peax (Fig. 2) or VT (Fig. 3).

Discussion

To our knowledge, the present study is the first to
normalise cardiorespiratory fitness values, including
VOzpeak and VT, for SM mass using a large population
sample. The most notable findings of this study were
that absolute VOzpeak and VT were closely associated
with thigh SM mass independent of age, and the study
provided normative cardiorespiratory fitness data
based on normalised SM mass in healthy men and
women aged 20-80 years. Age-associated declines
were also observed in VT normalised for body mass in
both men and women; however, VT normalised for SM
mass was not significantly different with age. Thus, this
cross-sectional study showed that the age-associated
declines in VT are markedly blunted if normalised for
SM mass rather than body mass. These results suggest
that SM mass is closely associated with Vozpeak or VT
in both men and women, and the decrease in VT with
age is primarily due to an age-related decline of SM
mass.

In cross-sectional studies, the rates of age-related
decline in VO;peak normalised for body mass using
treadmill walking or running were in the range of
0.28-0.46 mi kg™ min~' year” in men and 025-
0.57 ml kg™ min™! year! in women (Fleg and Lakatta
1988; Jackson et al. 1995, 1996; Paterson et al. 1999;

Talbot et al. 2000; Tanaka and Seals 2003; Toth et al.
1994); values for this study were 0.32 and
0.31 m! kg™ min~! year™ in men and women, respec-
tively (Fig. 1). In addition, previous studies have indi-
cated that the rate of decline in VT is approximately
one-third of the rate of decline in VO;peak (Babcock
et al. 1992; Cunningham et al. 1985; Posner et al.
1987). Posner et al. (1987) found the rates of decline
in VT were 0.08 and 0.07 ml kg™ min™ year™ in men
and women, respectively, which are similar to the val-
ues from this study (0.09 and 0.10 ml kg™ min™' year™
Fig. 1). However, there is little scientific information
about the effect of age on these cardiorespiratory fit-
ness parameters normalised for regional SM mass. A
previous study using dual energy X-ray absorptiometry
(DXA) to estimate muscle mass showed some varia-
tion with a significant decrease in the VO;peak even after
normalisation for appendicular muscle mass (Proctor
and Joyner 1997). On the other hand, there was no
evidence .of a decline in VT with age, even when nor-
malised for SM mass. However, in the present study,
age-associated declines were also observed for VT
normalised for body mass in both men and women.
Theoretically, the Vo, should be proportional to L or
M?3, where L is length and M is body mass. We ap-
plied this calculation to VT, and showed that there was
an age-related decline in Vo, /body mass>” similarly to
V02 /body mass. These results suggest that VO;peak and
Vo2 at VT decrease with age even when taking body
dimensions in consideration. This is despite this study
showing VT, normalised for SM mass, did not vary
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Table 4 Absolute and normalised VT in various age groups

Gender and
age range

(years)

@ Springer

*
NGO~ A Oy T
CNTOSNG OSnANYIN
NN ANONN Anmanmomn
HHHHHHAH HHHHHHH
TV ONKOY Vg me oo
cretmnoon~ OoVANOm
VNV T O 0000 %I~ 600
e ] - vl e
»*
o HON 0O NNN )~
CWHOCSCVIY TO—MY =00
ARNNCANN aFFTnehond
HHHHHHAH HHHHHHAHA
NN = =0T 0000\0
ScSanatdg O —~vnoaw
NATENNT CEONOO
e e — vy oy oy el
*
[l s S oMnam
VSRS SenFNN~—®
O\ v 00 v vt [~ O e
HHHHHHH HHHHHHH
XL T QNN YATQQRWVOWn
OO OF —\8 O\~ 1 0000
VBNV 00O Nne
— e #*
ANNQXAY QO
T ITFNNT LTS
HHHHHHA HHHHHHAH
TN ANNOA®M NOAN=NOS
LUIINSY [UUINss
NANNNNAN ONNANAN
— - *
HNHL Q@ QAN= O
ot aTn mdncCoo
O o O\ =
HHHHHHH HHHHHHH
NYNYEON ANV
VNSO~ O NGRS
ROV~ =~ DVnE
- — *
NLY Ny SOy
SO nomnaonmn
HHHHHHAH HHHHHHH
=Lt oy VNG 0T
ASCARON SARL O
NN N e N = e -
Do - *
IRRRYTT [NERLNR
NN N—n NdNNeooN
COCOCOCOT OO OoOd
HHHHHHH HHHHHHAH
OOV~ AN OVR
BRI TN—E QOO RQ
Tt o v e et~ OO O
- e &
XVHINO SN OO O R0
N OO~ 00 O\ =00 00~ I~ 00C\ O\ 0O
HHHHHHH HHHHHHH
TG e I~ oom
BB N~ =OFNBSE
TITFNNnnny nunnnnodn
wunun T =0 N
OO VNN T OTON
OV v v \D T o et = \D
S

ABSH8, _ LRS%HS
S ] ) 1 + =
00&0&(:02005 éooQ
SNAT A D BRAITALE

t Significant difference in the 70- to 79-year-old group (P < 0.05)

*Significant difference in all male subjects (P < 0.05)

with age. These results suggest that the age-related
decline of VT, defined by treadmill walking is mainly
due mainly to a decline of SM mass.

This could be accounted for by the understanding
that VO;peak is limited by central circulatory capacity,
while changes in VT reflect peripheral/metabolic
alterations with age, such as a loss of mitochondrial
content for oxidative phosphorylation (Coggan et al.
1992b). It has been reported that subjects with a
higher lactate threshold (LT) have a higher muscle
respiratory capacity (Coggan et al. 1992a), and LT is
associated with volume density of mitochondria and
the surface density of mitochondrial cristae (Drexler
et al. 1992) in human SM in vivo. Moreover, in rat
SM, LT is determined by peripheral factors, such as
mitochondrial oxidative capacity (Hepple et al. 2003).
Paterson et al. (1999) suggested that the lower rate of
age-associated decline in VT (compared with VOzpeak)
may reflect preserved metabolic function of muscle
oxidation and may more closely define endurance
capacity, while a greater decline of Vozpeak may be
due to a loss of oxygen delivery capacity. Since it is
well known that slow-twitch fibres have a high mito-
chondrial density and mitochondrial enzyme activity,
these findings suggest that the age-related decline in
VT defined by treadmill walking may be associated
with an age-related decline of SM mass, reflecting a
decrease in active tissue, especially a loss of slow-
twitch fibres.

Little information is available on the age-related
decline of SM mass (i.e., sarcopenia) using direct
measurements, such as MRI or CT, the latter of
which is the gold standard. In a cross-sectional study
using MRI, Janssen et al. reported an age-related
decrease of total body SM mass of 0.18 kg year™! in
men and 0.08 kg year' in women (Janssen et al.
2000); these values were notably higher than those
obtained by ultrasound in the present study (0.12
and 0.01 kg year™ in men and women, respectively).
Despite these variations, both studies showed the
same trend with a greater decrease in total SM mass
in men compared to women, and both studies had
almost identical differences of ~0.1 kg year be-
tween men and women. In contrast, a longitudinal
study by Song et al. indicated that sarcopenia in total
SM mass was 0.37 kg year™ for African American
women (Song et al. 2004). In addition to possible
ethnic differences, it has been suggested that cross-
sectional studies may underestimate actual rates of
change in SM mass with age, because these losses
may not be linear and could accelerate with age.

The observations of this study are tempered by the
limitations inherent to cross-sectional studies. Sta-
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Table 5 Simple correlation ] -
coefficients among age, body 8§er) :;;g: (k) g‘&ta(lkg) g{dun(ig) g\ljg&g) X‘i’n"i‘;ﬂ)
composition, and aerobic
power in men and women In men
Body mass (kg) -0.28
Total SM (kg) -0.49 0.76
Trunk SM (kg) -0.42 0.55 0.77
Thigh SM (kg) -0.47 0.72 0.91 0.55
Voypeax (1 min™) -0.64 0.55 0.66 0.49 0.63
VT (1 min™) —0.45 0.57 059 0.43 0.58 0.68
In women
Body mass (kg) NS
Total SM (kg) -0.09 0.68
Trunk SM (kg) -0.11 0.42 0.69
Thigh SM (kg) -0.20 0.57 0.85 0.37
Vo,peak (1 min™) -0.51 0.34 0.41 0.16 0.48
VT (1 min") -0.30 0.44 045 0.20 0.47 0.67
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Fig. 1 Relationship between age and cardiorespiratory fitness
(VO;peak and VT) are shown for men and women. The thin line
indicates Vozpmk and the heavy line VT. The solid line indicates
men and the dashed line women. Significant quadratic age
declines were observed in Vo,peak in men (n = 807, R? = 034,
Y = 50.989-0.096x-0.002x%, P < 0.001) and women (n = 656, R’
= 032, Y = 40.605-0.122x-0.005x%, P < 0.001). On the other
hand, VT declined linearly with age in men (n = 755, R*= 0.12,
Y = 24.549-0.091x, P < 0.001) and women (n = 612, R® = 0.13,
Y = 23.623-0.102x, P < 0.001)
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Fig. 2 Relationship between thigh SM mass and Voypeak values
in men (closed circles) and women (open circles). Significant
correlations were observed between the thigh SM mass and
Vo,peak- Men; n= 755,y = 0.265x + 0.332,r = 0.63, P < 0.001.
Women; n = 620,y = 0.215x + 0.681, r = 0.48, P < 0.001

Fig. 3 Relationship between thigh SM mass and VT values in
men (closed circles) and women (open circles). Significant
correlations were observed between the thigh SM mass and
VT. Men; n = 755,y = 0.119x + 0297, r = 0.58, P < 0.001.
Women; n = 612,y = 0.112x + 0.382, r = 0.47, P < 0.001

thokostas et al. (2004) investigated longitudinal data
versus cross-sectional analysis, and showed a greater
decline in VT for men (0.14 ml kg™ min~' year™) and
women (0.11 ml kg™ min~? year™). Second, this study
assessed the total or regional SM mass by ultrasound.
MTH measurements using ultrasound may not be
accurate as compared to MRI, and the measurement
of SM size by B-mode ultrasound has limitations be-
cause it cannot exclude non-contractive tissue, such as
the connective and intra-muscular fat tissue. Third,
VOzpeak was estimated at sub-maximal effort, which
may introduce substantial error. However, this study
had a large sample size including many middle-aged
and older men and women, and there is a certain
degree of risk with graded exercise tests (GXT) in
subjects with low fitness levels or in the elderly
(American College of Sports Medicine 1995). We
configured the end point of the GXT to prevent such
risks. In addition, Wasserman et al. (1995) noted that
in calculating using the V-slope method, the data
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above the V02 at which VE/VCOz starts to increase
(respiratory compensation point) should not be in-
cluded. Since we calculated the VT by this method,
VT could be estimated at sub-maximal GXT. More-
over, the Vo2 values at VT in the present study cor-
respond to those reported in previous studies (Posner
et al. 1987; Thomas et al. 1985). Finally, the treadmill
protocol in this study which alternates the speed and
grade has the potential to give a non-linear increase in
estimated work rate, because it uses rather large steps
to increase the grade. However, we ensured a linear
increase in Vo, during this protocol in the majority of
subjects. Therefore, we might as well to evaluate the
ventilatory threshold using our protocol.

In conclusion, we have demonstrated that absolute
Vo,peax and VT were closely associated with thigh SM
mass independent of age, body mass and FFM. Age-
associated declines were observed in VT normalised
for body mass in both men and women, but not VT
normalised for SM mass. These results suggest that
thigh SM mass was closely associated with VOzpeak or
VT in both men and women, and the decrease in VT
with age is due, in part, to an age-related decline of
SM mass. Moreover, this study provides normative
cardiorespiratory fitness data regarding VT norma-
lised SM mass in healthy men and women aged 20-
80 years.

References

Abe T, Kondo M, Kawakami Y, Fukunaga T (1994) Prediction
equations for body composition of Japanese adults by B-
mode ultrasound. Am J Hum Biol 6:161-170

American College of Sports Medicine (1995) Guidelines for
exercise testing and prescription, Lippincott Williams &
Wilkins, Philadelphia

American College of Sports Medicine (1990) American College
of Sports Medicine position stand. The recommended
quantity and quality of exercise for developing and main-
taining cardiorespiratory and muscular fitness in healthy
adults. Med Sci Sports Exerc 22:265~274

Astrand PO, Rodahl K (1977) Textbook of work physiology.
Physiological bases of exercise, McGraw-Hill, NY

Babcock MA, Paterson DH, Cunningham DA (1992) Influence
of ageing on aerobic parameters determined from a ramp
test. Eur J Appl Physiol Occup Physiol 65:138-143

Beaver WL, Wasserman K, Whipp BJ (1986) A new method for
detecting anaerobic threshold by gas exchange. J Appl
Physiol 60:2020-2027

Blair SN, Kohl HW 111, Paffenbarger RS, Jr, Clark DG, Cooper
KH, Gibbons LW (1989) Physical fitness and all-cause
mortality. A prospective study of heaithy men and women.
JAMA 262:2395-2401

Blair SN, Kohl HW 111, Barlow CE, Paffenbarger RS, Ir,
Gibbons LW, Macera CA (1995) Changes in physical fitness
and all-cause mortality. A prospective study of healthy and
unhealthy men. JAMA 273:1093-1098

@ Springer

Brozek J, Grande F, Anderson JT, Keys A (1963) Densitometric
analysis of body composition: revision of some quantitative
assumptions. Ann NY Acad Sci 110:113-140

Caiozzo V], Davis JA, Ellis JF, Azus JL, Vandagriff R, Prietto
CA, McMaster WC (1982) A comparison of gas exchange
indices used to detect the anaerobic threshold. I Appl
Physiol 53:1184-1189

Coggan AR, Kohrt WM, Spina RJ, Kirwan JP, Bier DM,
Holloszy JO (1992a) Plasma glucose kinetics during exercise
in subjects with high and low lactate thresholds. J Appl
Physiol 73:1873-1880

Coggan AR, Spina RJ, King DS, Rogers MA, Brown M, Nemeth
PM, Holloszy JO (1992b) Histochemical and enzymatic
comparison of the gastrocnemius muscle of young and
elderly men and women. J Gerontol 47:B71-B76

Cunningham DA, Nancekievill EA, Paterson DH, Donner AP,
Rechnitzer PA (1985) Ventilation threshold and aging. J
Gerontol 40:703-707

Drexler H, Riede U, Munzel T, Konig H, Funke E, Just H (1992)
Alterations of skeletal muscle in chronic heart failure.
Circulation 85:1751-1759

Fleg JL, Lakatta EG (1988) Role of muscle loss in the age-
associated reduction in Vo,max - J Appl Physiol 65:1147-1151

Fletcher GF, Balady G, Blair SN, Blumenthal J, Caspersen C,
Chaitman B, Epstein S, Sivarajan Froelicher ES, Froelicher
VF, Pina IL, Pollock ML (1996) Statement on exercise:
benefits and recommendations for physical activity pro-
grams for all Americans. A statement for health profession-
als by the Committee on Exercise and Cardiac
Rehabilitation of the Council on Clinical Cardiology,
American Heart Association. Circulation 94:857-862

Frontera WR, Suh D, Krivickas LS, Hughes VA, Goldstein R,
Roubenoff R (2000) Skeletal muscle fiber quality in older
men and women. Am J Physiol Cell Physiol 279:C611-C618

Fukunaga T, Miyatani M, Tachi M, Kouzaki M, Kawakami Y,
Kanehisa H (2001) Muscle volume is a major determinant of
joint torque in humans. Acta Physiol Scand 172:249-255

Gaskill SE, Ruby BC, Walker AJ, Sanchez OA, Serfass RC,
Leon AS (2001) Validity and reliability of combining three
methods to determine ventilatory threshold. Med Sci Sports
Exerc 33:1841-1848

Hepple RT, Hagen JL, Krause DJ, Jackson CC (2003) Aerobic
power declines with aging in rat skeletal muscles perfused at
matched convective O, delivery. J Appl Physiol 94:744-751

Jackson AS, Beard EF, Wier LT, Ross RM, Stuteville JE, Blair
SN (1995) Changes in aerobic power of men, ages 25-
70 years. Med Sci Sports Exerc 27:113-120

Jackson AS, Wier LT, Ayers GW, Beard EF, Stuteville JE, Blair
SN (1996) Changes in aerobic power of women, ages 20—
64 years. Med Sci Sports Exerc 28:884-891

Janssen I, Heymsfield SB, Wang ZM, Ross R (2000) Skeletal
muscle mass and distribution in 468 men and women aged
18-88 years. J Appl Physiol 89:81-88

Kawakami Y, Abe T, Fukunaga T (1993) Muscle-fiber pennation
angles are greater in hypertrophied than in normal muscles.
J Appl Physiol 74:2740-2744

Kubo K, Kanehisa H, Azuma K, Ishizu M, Kuno SY, Okada M,
Fukunaga T (2003) Muscle architectural characteristics in
women aged 20-79 years. Med Sci Sports Exerc 35:39-44

Lehmann G, Schmid S, Ammer R, Schomig A, Alt E (1997)
Evaluation of a new treadmill exercise protocol. Chest
112:98-106

McArdle W, Katch FI, Katch VL (2001) Exercise physiology:
energy, nutrition, and human performance. Lippincott
Williams & Wilkins, Philadelphia



Eur J Appl Physiol (2007) 99:475-483

483

Paterson DH, Cunningham DA, Koval JJ, St Croix CM (1999)
Aerobic fitness in a population of independently living men
and women aged 55-86 years. Med Sci Sports Exerc
31:1813-1820

Posner JD, Gorman KM, Klein HS, Cline CJ (1987) Ventilatory
threshold: measurement and variation with age. J Appl
Physiol 63:1519-1525

Proctor DN, Joyner MJ (1997) Skeletal muscle mass and the
reduction of Vo,msx in trained older subjects. J Appl Physiol
82:1411-1415

Reimers CD, Harder, T, Saxe H (1998) Age-related muscle
atrophy does not affect all muscles and can partly be
compensated by physical activity: an ultrasound study. J
Neurol Sci 159:60-66 )

Sanada K, Kuchiki T, Takao Y, Horii M, Kyuunou, S, Hatori Y
(1997) References of exercise prescription in ideal old aged
that considered to individual differences in fitness levels (in
Japanese). Onc Sports Sci 5:71-86

Sanada K, Kearns CF, Kojima K, Abe T (2005) Peak oxygen
uptake during running and arm cranking normalized to total
and regional skeletal muscle mass measured by magnetic
resonance imaging. Eur J Appl Physiol 93:687-693

Sanada K, Kearns CF, Midorikawa, Abe T (2006) Prediction and
validation of total and regional skeletal muscle mass by
ultrasound in Japanese adults. Eur J Appl Physiol 96:24-31

Song MY, Ruts E, Kim J, Janumala I, Heymsfield S, Gallagher D
(2004) Sarcopenia and increased adipose tissue infiltration
of muscle in elderly African American women. Am J Clin
Nutr 79:874-880

Stathokostas L, Jacob-Johnson S, Petrella RJ, Paterson DH
(2004) Longitudinal changes in aerobic power in older men
and women. J Appl Physiol 97:781-789

Talbot LA, Metter EJ, Fleg JL (2000) Leisure-time physical
activities and their relationship to cardiorespiratory fitness
in healthy men and women 18-95 years old. Med Sci Sports
Exerc 32:417-425

Tanaka H, Seals DR (2003) Invited review: dynamic exercise
performance in Masters athletes: insight into the effects of
primary human aging on physiological functional capacity. J
Appl Physiol 95:2152-2162

Thomas SG, Cunningham DA, Thompson J, Rechnitzer PA
(1985) Exercise training ‘and “ventilation threshold” in
elderly. J Appl Physiol 59:1472-1476

Toth MJ, Gardner AW, Ades PA, Poehlman ET (1994)
Contribution of body composition and physical activity to
age-related decline in peak Vo, in men and women. J Appl
Physiol 77:647-652

Tuomainen P, Peuhkurinen K, Kettunen R, Rauramaa R (2005)
Regular physical exercise, heart rate variability and turbu-
lence in a 6-year randomized controlled trial in middle-aged
men: the DNASCO study. Life Sci 77:2723-2734

Wasserman K, Hansen JE, Sue DY, Stringer WW, Whipp BJ
(2005) Principles of exercise testing and interpretation:
including pathophysiology and clinical applications. Lippin-
cott Williams & Wilkins, Philadelphia

Zhang JG, Ohta T, Ishikawa-Takata K, Tabata I, Miyashita M
(2003) Effects of daily activity recorded by pedometer on
peak oxygen consumption (Vo,peax), ventilatory threshold
and leg extension power in 30- to 69-year-old Japanese
without exercise habit. Eur J Appl Physiol 90:109-113

@ Springer



