H AR REEHEEE

Japanese Journal of
Public Health

£43% 5 W




220 43k AANEE H3 e

BAADBT MR
—RES <Y OEBIS OIEEE LT—

=W F(C*

45?5?2 DEAME LI-ABFEE O EB S 0 B %a 1k 5 12, BARABEZCION (BH305A
AE15.850, TH305A : 44.3£16.05%) A S L L, FR - B loks (Ventilatory Threshold:

VT) R Lte, EBAFRBIL, Hlsdie = —X— % i

7 v 7 A CER L7, breath by

breath I L b VT #JUE L, = hafem LCHM - BU O HREER O X4 fErk |-
1) VT ROBRERE (Y) i1, 4 (X) OfIE L LIET L, B Y=22.4—O.16X0(r= —0.626

P<0.001), ZtETit Y=18.1—0.10X (r=

—0.578, p<0.001) DEEYFATHL S hie,

2) VT ixtk£Erd b THICHRBEELEE ( - T
, o HE (p<0.01) KEE R L1,
3) VTEOHERL BHIHE (p<0.01) Il R LT,

4) VTR OO £ 5 h 4, 30T 1159/ 4r, 40fR Tia 1104 /55, 508 Tix1054 /%

60f8TiX 100411/ 53 T - 7=,

5) VT Ko+ Bif g (Rating of Perceived Exertion: RPE) EREPHEOBEY 2, 38

BETH -1,

6) HAWEEL AR VT DR {EAN%ET, 3 METs BECH - 1=,
7)1 HOFEEHEH - VT i, HE R IEDOHBNE L 1,
m;%i.b. VTB%”@?LFEEBIE VO,), L%, g, FROMINC E L IOMET+5, LasLiy
CREVCTIE LX) <, RPE WCILFERZELHEL Z DN -7, ChbDZ L hlSL ho

Do

J?!Wlfif'bi [RPE13] LAFT, F 6 —SE i T h T s or i, HRFEB KM+ 5 - LriTx

Key words : #MEBIE, F@M0EBME, EBn, BERUEAE, AR

I #

BN A D Astrand i, bEb s AHOY
HEE B OME) - S AEBICHT 2 & 5o
3Tb6,&%ﬁthé”oLmL,ﬁﬁY%
DB ILHEHS D 3 H AR DR A~ DA IERE
ACH WAL & S, IO, BIRR, Si6E
ﬁ&ngmAﬁJﬁ%wLF§&$EﬁJ&v
SREELEETRID, RAETY, E4EH
F%m&&ﬁatA®%§%§§PKm11,
Fﬁﬁﬁ%ij%%ﬁth@%?éﬁﬁf%
6”o:h6®F&AﬁJ®%WN%&Lr®§
B IR A O HRIEB 0 L SR 5 &
Whbh T 329,
kK, HMEENOKEL LT, RAMERER

[l

* Bk RIS
HHEE - T700 MILTEE A 3-1-1
BIUKEHEEE =

i(meu)ﬁﬂméhfétoLmL,VQ
max O EHEFIE I HBRE OB KGN h BT L+
B, KADBRICEL XHEE LI ErES
HC{GEW O REDH h, ERELHIE L RET
BhHo SHIT, FEHEBTIE, FRIEERERICH
BREE(LIE . PR S h - R ECEBAE LT 52
&<, BRAEBHATRBRYERTH- L1z =
I DS, Ff, FEBRMICIIT S VOymax (%
LI L b AHERD S IEBREA L Kibe ¥, &
ADBIERERICL DREIND L\ 5 8E D 5
57 LFHIZLTY, FEEZECRAEHOE
ﬁ&%#:&muﬁ&ﬁk?vo%otb.—&
BIC X FERME CRE LN (HR,..) e
H, SHIGER) L1 L X OLHEOREN 5 HEE
SN 7VO,max D40% % 721250% 1 H34 3 5 03
B hiBAEROBEOHLT L LTREIATE

1‘\:3.8.9)9

fth 5 B JT T, Wasserman B0y T b {Rg

ERL 843 A15H

FRE 843 A15H

AR FE M VEZER{E (Anaerobic Threshold:AT)
ORI ES <, ek FEE) CERARE /B &t
FR{E (Ventilatory Threshold: LA F VT)1213 2%, 4
fEFEB OMEOIRE L LCHV LR A X 5Tl
> T&ER, 2% h, VI XRKEEOEEZH I
TICHMERREN X BEENCHEST S ks vz
bo L Lishib, VT OBEIER S/ ER » A
SITBEERR A LI L L, IR\ RS A JIGE L 7e
BF721%, Posner D171 AW, B85, =jfjH10
DN, HFIH D213 A7 E500 AN w8z 5 L 5 s
% NEDOBIE % AT - Tef i io o,

ZZ T, 4MEIX, 610 ADVT2ERL, B
1, FEAIC HARANEE F O VT OFH) {2 R
&, AEFEBOHL XG5 L L VICHBEED
HEhE - OP#E AL X HE LT,

I ;3 AEE

1. R

PREL, 205K 86K E TO H A AMH &
6I0ONTH B, D5 HLHEMIX305A, FhDFHy
LR FE1345.1+15.85% C, MEA305 A, 4F
44316 08K CH 5, FBEOPFRILE 1 1R
Lico &E - KEIZ & D IFHNHAAETSH
ST, —RERY T HA A DEHEE R R b 5 fod,
FEHOEFIRBRA LT,

SEIOHEHRED 5 b, BEEROH HE L, B
HETIES9A (2068 0 7 A, 301K : 13 A, 401K : 19
A 504K 15N, 601K : 5 A, 708 : 0N, 80fK.:
0AN), iETIiZ11A (201K : 4 A, 30fL:4 A
40f%:0 A, 50fR:1 A, 60fK:2 A, 70f%:0 A,
80fk: 0 N) Thot, 2T 5E51%, B

43k BALWEE H35 221

Wn19%, LN 4% TH -1,

2. EFHEFERER

BRE LRI ERO B b O ke
WCRIBR B, AT 420 - F 29 2 %FEM
Lz, EBEMABRYE L, 7r2—n, a2
2, a—k—, I, WRYEL, Rk 3RKHEL
R E B A TR A BRRG U7c,

B AL, v FHEROBIGHAHiEE
AT A= =%H, 3HEOEAR LY v
7O T v 7 AR XY AT & 1T -
7o HEHORBEBIITMT A b LETHEL b
&, ftEn g5y 508tz FMEA 60l & L e,
ARTIEIHRGE, R AMRE EERRC S X
512, Jones LD HBC X h HE, F#, (hE
735 VOymax (ml/min.) % FH L, 105
TIRAMECES D X 5 1/10% 5 Uil 4 f: 55 & fof
BICRALTC, AMHER2RE Ui, B,
OEX, OmBorbirc, EY 3 5l
7

HEROMR T AGEERORWEL, £ — &
7 4 7 A4EHL MMC4400tc %\ +, breath by breath
HTAT - 70 VT OHFITEL, WIE S IR A o
ZEE A 150 B IC B E L, Wasserman!'!, Davis?!
DFHAEFs L U Beaver!? 5 D V-slope % VTR
GHNCHITE Lic, SBHic, VT RO RERE
(VO, at Ventilatory Threshold: LA'F VT & H§4)
i, 7 v AR 2 5tk S VT HBIR A
TORFRINCR T 2 BRI O 4 i/ — ek
X ) ERERRICEUS K, BOVTH
B2 KA L TRD 1,

HRE D A TR FE 2 M5l b /N - B

Tab. 1 Characteristics of subjects

Age Male Female .
(years) Height (cm) Weight (kg) Height (cm) Weight (kg)
n mean S.D. mean S.D. n mean S.D. mean S.D.
20-29 65 173.2 7. 68.2 11.3 78 157.6 5.6 52.4 /ics
30-39 22 169.5 4.6 BL1 10.1 41 1o/ 5:4 54.6 9.5
40-49 59 168.2 5.0 67.1 9.7 59 154.7 Sl 54.0 7.4
50-59 70 164.7 9:0 65.3 8.4 72 192.4 4.6 54.8 9
60-69 39 161.6 6.0 61.2 9.1 39 1911 9.1 54.4 8.6
70-79 17 160.2 3.4 b4.1 Sl 13 148.1 023 48.2 (!
80-89 3 154.9 2.6 52.3 4.7 3 147.7 6.4 44.7 7.4
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Tab. 2 Means of Vo, at VT according to age and

D 5 B2 H62EE £ TOZM0AN CEHFER 4. it

32.3+12.6/%) 1, YAMASA BlOEFH = Y B Dt & VT A &R O B 0 2% Ok
— H#EH EC500 (4G w48 S iE8R BT HIIIC L DT> 170, Fib & omEIFAH
WaAT - 1o, BB AT LRBAMAEA  BOZL7gh - RPECOWTIE, —TRLES#
L, HEEZTT - 0%, 1 HodkE - AR ST X D BLDOEDKWERIT - 1o, BEOHE
EBRL TSR A IR, &~ | BEOES IZ X HZEDKIENL, independent t BE & L 7o,

Fig. 1 Ventilatory threshold related to age in males (n=305).
Regression of VT on age is descrived by the equation; VO, at VT in males=22.4—0.16 age; r=—0.626, p<0.001.
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Fig. 2 Ventilatory threshold related to age in females (n=305).
Regression of VT on age is described by the equation; VO, at VT in females=18.1—0.10 age; r=—0.578,
p<0.001.
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1. BKRRE & F b Vo, (mt/min/kg) B

Ki- M2k, B VT EEROBERLY R (peata) Male Peiuale
LizbDTHB, VT (Y) 1355 (X) b 20~20 197442 P
ETFL, BT, Y=22.4—0.16X (r=—0.626, 30~39 16.3+3.3 14.3+2.3
p<0.001), &t Tix, Y=18.1—0.10X (r=—0.578, 40~49 14.743.0 13.4+2.5
p<0.001) DO—KEFRHHL L1, 23:23 ii?ii‘i if‘;iz

ﬁ?ﬁ’?*ﬁﬁ‘?’?of;@ﬁ R &fﬁﬁ%ﬂ)%iz‘)}l]@ 70~79 120;14 1017;2:0
BERADOEOBEORKR, 1 %K% (F=89.50) 80~89 10.941.1 10.6+1.5
CEBEDOVT Lt LD VT RBAEBEOEXRD oy B
T,

ZEMADO VT OFHEIR, K2ERTHED T
Bh. ZhREEERH (3.5mi/kg/min) wH  {LAH4.6 METs, 40%fl7134.2 METs, 50 5% fX £33.9
#£ L | 7= Metabolic Equivalents (METs) Hi iz (< METs, 60 5% f& #33.7 METs, 705% fX #33.4 METs,
B % L, B TI208%fUA%5.6 METs, 308 80#kftn3.1 METs TH b, Tk Lh Zh

Fig. 3 Heart rate at VT related to age in males (n=305).
Regression of VT on age is described by the equation; HR at VT in males= 124—0.36 age, r=—0.519, p<0.001.
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Fig. 4 Heart rate at VT related to age in females (n=305).
Regression of VT on age is described by the equation; HR at VT in females=126— 0.36 age; r=—0.492, p<<0.001.
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4.5 METs, 4.1 METs, 3.8 METs, 3.5 METs, 3.4
METs, 3.1 METs, 3.0 METs T - 72,

AWFE CHR O EFRD VT O RALfE T,
B C129.1 mi/kg/min. £ 511.9 ml//kg/min. D
WP H b, %M Ti28.4 ml/kg/min. 7> 510.8
ml/kg/min. TH -1, FREF LD TEHT 5
L BMETik, 10.24+0.9 ml/kg/min., M Tk
9.5+0.8 m//kg/min. TH 1, 2.7 METs 7:52.9 METs
CHY L,

2. HIUHRIE &0 aE

X3 - X4k, Bhhc VT KoM (Y)
L AEHG (X) OB AR LTc, VT B3 s,

Fig. 5 WR/Wt at VT related to age in males (n=305).

ERC 843 H15H
B#:-CiE Y=124—0.36X (r=—0.519, p<0.001),
M T Y=126—0.37X (r=—0.492, p<0.001)
DEFERITR S s, EIFADZEDHREDME R,
DA VT & Bz h Biick (F=3.38) %R
BT - T, VT REOIAB O FE B BIFHE
EKICRTHD THS,

3. ISR L fEEE

X5 -6k, fRKEMbHO VT ROLHER
(WR/Wt) : (Y) LFEH (X) OBf# %R LT,
HElgaofrofEE, H ik Y=1.94—-0.015X
(r=—0.649, p<0.001), ##: Tix Y=1.95—0.017X
(r=—0.686, p<0.001) OBARALES T, [E

Regression of VT on age is described by the equation; WR/Wt at VT in males=1.94—0.015 age; r= —0.649,

p<0.001,
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Fig. 6 WR /Wt at VT related to age in females (n=305).

Regression of VT on age is described by the equation; WR/Wt at VT in females=1.95—0.017 age; r= —0.686

p<0.001.
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Tab. 3 Means of HR at VT according to age and

sex

Age . HR (bpm) b
(yeazs) Male Female
20~29 117584 TSRO
30~39 111+ 9.8 113+ 8.8
40~49 107+ 8.6 110+11.3
50~59 104%+ 9.5 106+11.6
60~69 101+10.8 103:11.9
70~79 99+10.4 97+ 9.8
80~89 95+£12.7 93+11.0

mean+S.D.

BROEDHBREDRER TS % KYE (F=8.97)
<, WR/Wt CBZENRDBII, FFREEIO
SR 4RIl D TH D,

extflicFEb L VI Rro bR, BHEL
Y=134.3—1.15X (r=—0.735, p<0.001), &
Y=101.0—0.83X (r=—0.711, p<0.001) TH -
1o ERAOEDOKREDRKEE CIRIHE 1 %KHE
(F=254.71) CTHEDZEXRDI,
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X7 icik, VT Ko RPE % e T L7
¥efFE TR L1, VIO RPEL, FikETi320
2R 233,12 1.5, 30 A R A13.1+1.3, 405K XA
12.9+1.3, 50 5% ft #313.0+1.3, 60 &% X #°13.2+
1.6, 705 fLAM3.1+1.2, 80 fRA13.0£1.0TH
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Tab. 4 Means of WR at VT according to age and

sex
Age 7\/\R(walt) -,

(years) Male Female

20~29 109.2+24.4 83.1+18.0
30~39 91,7452 67.8: 117
40~49 80.3+16.3 B2 S E12
50~59 74.5+14.6 57.6x 9.6
60~69 60.6+11.9 501119
70~79 {3 B B 35.4%11.2

80~89 36.7 5.8 2322 5.8

mean+S.D.

D, M CI20REfA312.9+ 1.4, 305K K23 13.0%
1.1, 4085 f47513.1+1.3, 505~ 3.0+ 1.4, 605%
& 72312.9+1.6, 70 i X 7313.2+1.0, 80 % X A
19.74+0.6Tdh -7-, RPE REX, H#FEREHEL
THB4 & IR TSRO [ Eow ] BE
Thoteo —TLRBEDESFORE, VIO
RPE [©i3, FEELBHELRDLRIEH -1

5. MEMRIE L B RAEEEHE - ERR

VT (Y) &—HBOFEHEHE (X) @ik, AEKLIE
DRI RS B AL, Y=11.6+0.00030X, (r=0.347,
p<0.01) DRAFHAI G T,

XHIE 8 IiE, %VT (Y) &—HOFHHR
(X) L DBFRER LI, 2 OBFRAL, Y=77.1+
0.0023X (r=0.453, p<0.001) &7ch, #HHEED

Fig. 7 Means of RPE at VT according to age and sex.
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Fig. 8 Relationship between % VO, at VT (Y) and mean number of steps per day (X).

Y=77.1+0.0023X, r=0.453, p<0.001
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R L > TRIcDH, £2C, BB HSTvE
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20RO A DEA100% &4 % &, 70&LL Eo
VT B Tiaf61%, HTi367% 4L,
SEH)THIS METs & VT O KK ¥ I 4F <
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Tab. 5 Evaluation of heart rate as the indicators(bpm)

Reseanch Center

Shindo and Ik 1
Hashimot lgggﬁ?‘
19893

40%-50% Vo, max 40%-50% Vo, max

115-125 115-128
110-120 111-123
105-115 107-118
100-110 103-113

Age ool of Physical
(years) Mrars Education,
1983%
HR at VT 40%-50% \.’03 max
30-39 119 110-120
4049 110 105-115
o0=59 105 100-110
6069 100 100-110
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VENTILATORY THRESHOLD IN JAPANESE

—as the basis for exercise prescription for health promotion—

Koji MIura*

Key words: Health promotion, Ventilatory threshold, Exercise prescription, Aerobic exercise, Rating of perceived ex-

ertion

Oxygen consumption (VO,) at ventilatory threshold (VT) was measured in 610 healthy Japanese with differ-
ing ages (305 men: 45.1+15.8 years; 305 women: 44.3+16.0 years) to develop a scale for exercise prescription with
the ultimate purpose of health promotion. Ramp exercise test using a bicycle ergometer was used as an exercise loading
test. VT was determined using the breath by breath method.

' Standard aerobic capacity was determined according to age and sex using VT as the indicator.

1) VO, at VT(Y) decreased with age (X), and closely approximated a single regression formula,
Y=22.4-0.16X (r=—0.626, p<0.001) for men and Y=18.1—0.10X (r=—0.578, p<0.001) for women.

2) There was a sex difference in VT being significantly (p<0.01) higher in men than in women.

3) The work rate (WR) at VT was also significantly higher in men.

4) There was no sex difference in heart rate (HR) at VT; 115 beats/min. in subjects in their 30's, 110
beats/min. in those in their 40 s, 105 beats/min. in those in their 50 s, and 100 beats/min. in those in their 60 s.

5) Rating of perceived exertion (RPE) at VT was not influenced by age or sex differences, and was about
18.

6) The minimum level of VT, at which daily living activities was possible was about 3 METs.

7) There was a significant positive correlation between mean number of steps per day and VT.

VO,, HR and WR at VT decreased with age although there was no sex difference in HR, and there was no
age or sex difference in RPE. These results suggest that health promoting exercise can be prescribed on the basis of HR
which would be identical figures for men and women of the same age, and also by RPE specified as less than ‘‘somewhat
hard’’.

* Faculty of Education, Okayama University
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