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Maximal Oxygen Uptake in middle-aged Men and Women
Kwon, Seung Rak and Nam, Kee Yong

Department of Physiology and Physical Culture Research Institute,
Seoul National University College of Medicine, Seoul, Korea

Maximal oxygen uptake was measured in twenty-eight middle-aged men aged 45,0 (range: 40.3—.
50.7) years and fourteen middle-aged women aged 40.5 (range: 34. 3-47.5) years by means of a
treadmill test. The physique of subjects were:mean skinfold thickness at 4 sites, namely, back, arm,
waist and abdomen was 7.59 mm in men and 14. 5mm in women; total body fat estimated from the
‘mean skinfold thickness, 11.9% fat in men and 25.5% fat in women. The detailed observations are
as follows:

1. Maximal oxygen uptake expressed on any reference unit in men was greater than that of women.
“The values of men to women were: 2.61 to 1.927/min., 45.1 to 37.0 ml/min./kg, 51.8 to 46. Sml/
min. /kg lean body mass (LBM), 15.7to 12. 6 ml/min./cm body height.

2. Maximal pulmonary ventilation in men was 80.2//min. and 63,57/min. in women.

3. There was a correlation of fairly high degree between maximal oxygen uptake and body weight,
namely, r=0.56 in men and r=0.79 in women. The correlation between maximal oxygen uptake
and lean body mass also was fairly high, namely, r=0.58 in men and r=0. 69 in women.

4. The correlation between maximal pulmonary ventilation and body. weight or lean body mass
was r=0.51 and r=0.25 in middle-aged men and r=0.41 and r=0. 19 in rmddle aged women, respe-
<tively.

5. Maximal heart rate in men was 176.4 beat/min. and it was 183.9 beat/min. in women.

6. Maximal oxygen pulse in men was 14. 6 m//beat and 9.5 ml/beat in women.

7. Aerobic work capacity of korean middle-aged men and women maintained the same level as that

of young men and women, respectively, as shown by maximal oxygen uptake expressed ml/min. kg
or ml/min./kg lean body mass.
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7Fefgl= AAe SR A5 Az YA E heb
= Aoltt (Taylor et al., 1955; Astraqd, 1956). oA
< =3 ALY AAEF $HY FAE e o] Aal
Atel o] B# wlme] 7 Fo] S E v,

a9 Alal ztele] ol 2o 3} (submaximal) z}e
o2 A7 BAAE s A% 2/E AFsE A
L AT ol oA, 4z, A5,
o 52 okl gtz 31w (Mahadeva et al., 1951),
W 22 Aol JAAE 29 s AHFe Al
F A8z BASE ¢ 2408 Aoz @
(McDonald, 1961). z#lu 3] A& 43 9799
AdgE 2A o 2L dhdAdx AWt o
(Astrand, 1956). d o] F7ske A Fo] Hrbsttn)
sk Ao A AR F AL Sbele Ddoe ol

2 AT Ao o & BA FdSelEe &4
ARt Zas (474, P1LE), 2L AYdA=E

32k ghol w=l grmek A

Ad L 43 %ol Held AFuE Ay AF
ol o B3 AL g ov(E B, 1965), FAuk
AT NEe2m Ao 4x A3 HY 492, Ad33e
23 o}l ok

AT g 75 JAAE dAden S s A
AFE ok FFY A 58 YA 2L sy
ghol = ol ot xR HeAE g nmst g
oh, S5 GEREE, 1968), @A S w4 (3
B, FEESE, 1968), A A (E, ¥, 1965)% riE
25 A7 Edol ox gk e EZAE Aold,
A3 AF(ERE 5, 1966) ¥ 4x¢% A4S

o b= = .
<48 44

HERE, 1966) sk wwst gl
tEe By A4ygor gFq dAd oz
7l ¥4 7Hol v 404 H 504
3]
H

dyuy

Zd JAt 287 st oA 14 5o o) Alel gl et o] B
AAA AL FEEA gL Fihll &L= dARE
Aol Y AFEGL At s FHolgrh &
9 e T 4504 (H$ 40.3—50.7 4], A=
s 40.541 (84 34.3—47. 54019k vk, o] B4 AlA 5
A4 A 184 vk fvet AR A o2E &0
#(1956)8 23st d¥¢ 30477 FL Aol U 2
ol dAF Y izl A ASAL dv AL, &
{259 304 A9 Az wlasw, A YgdAAE
o] 47 AR Y=Y 165.6cmol] wdte] &L 1659
cm, o] 43 =} 152.9cmo] w3t £& 154.4cm
ole, A Foll gleiAE ol4F WAt 58.1kgel W3t
42 58.6kg, o] 48 o129 51.7kgol wlstd £
53.1kg & Raslm glolA o APiaAd AAL B
% duk Sulst e Aolel de.

5] % %7 7 5| (skinfold) & AMRFEQ963)0 webA 5,
2, 7 9 w9 4FvelA Langed) AR FQFH
S| 8-573 8 }F FA & =t A 7.59 mm(S.D. 3.51),
At A 14.5mm(S.D. 2.42)0lgl o A=l A P4
ek,

Table 1. Anthropometric data of middle aged men and women

Age Body Body Mean Fat LBM
length weight ti]i::rl«l{fr())el(sis Density
yr cm kg mm kg % kg %
Men, N=28
Mean 45,0 165.6 58.1 7.59 1. 0735 7.2 11.9 49.5 85.1
S.D. 2.73 0. 507 6.72 3.51 0.0133 3.43 4,84 6.24 6.24
Range 40.3— 158— 46.4— 3.5— 1.0511— 2,3— 4, 2— 39.3— 79.8—
50.7 178 74.1 17.3 1. 0949 12.8 20.2 61.5 95.8
Women, N=14
Mean 40.5 152.9 51.7 14.5 1.0319 13.3 25.5 | 38.4 74.5
S.D. 4,13 14.9 4.55 2.42 0. 0071 2.17 2.64 2.95 2.64
Range 34.3— | 148— 42, 8— 9. 9— 1. 0210— 9. 5— 21. 3— 32.8— 70. 0—
47.5 160 61.4 18.9 1. 0430 16.5 30.0 45.3 - 78.7
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dEedl fete] FAGFE FFe e @4 4%
A= 14 Hel A AR d=EE ¢ Keys (1953)¢] T4
ol wle}A

Fat(%)=(density/4. 201)—3.813 2.2 FR|u}e-& A
Abske) b, -2l 313 (lean body mass, LBM)-&- %
ozde FAE W Aol Wale FX gl 7.9%
AFor o218 25.5% A Foll wsted 4 2.& =27
oleh =k 2049 FAwbeol 15.8% (7 &}, 1963)
ol ¥t & oS Be zZhlul o] Zd Wxbu] Abele
A Z7 el FA Fg 48 QA E B2 A
w AlEe WRbs} 82.1%, oAt 74.5% w1504l
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e £% 2 7,5km/hr 2 1A i AAAEE AR
T A 3 g 2o oA stg o okl Aateld] A
F AL 30 o]atelgl on] 2ol 29 o]AtL e
Al A gata goket. 244 3F 39 AR
L FE Y 1R 30244 22 3020 olBE 1 AE
kol Bl A=k ALl £EE 6.8km/hr 2 5}
o E 4 @xbe] Aol zbe] gt

3F T/ AAdE dZFHLE FUE L3yl o
AR FrY 8L wet test gas meter 2 &3 5kl o).
Abzok BLAL7b2 A gk e micro-Scholander 23| (Schola-
nder, 19472 3192, A4 414 % A A& Consolazio
Z(1963)¢] AR EEE A4Lsted AA sk}

2

Table 2. Maximal oxygen uptake, pulmonafy ventilation, heart rate, ventilation

equivalent and oxygen pulse of middle-aged men and women. Number

of cases of maximal oxygen uptake expressed as ml/kg LBM in men is 14

v Mean  (0.242 |4.17 [2.61 | 45.1 |51.8 (15.7 9. 00
S.D. (0. 0461]0.8500. 421| 5.74( 6.02 2.222.04

Range |0. 169-2. 95-(1. 95-| 35. 7-|42. 8-12. 0-|5. 66—
0.360 16.07 3.93 | 59.3 166.3 [22.1 ]13.9
Mean |0.225 |4.33 ]1.92 | 37.0 [46.5 |12.6 |6.92

S.D.  10.05290. 863/0. 303}0. 375 | 9.91) 1.90[1. 20
0. 18113, 36-|1. 46-| 30.2-41.1-] 98-3.68-
0. 400 {6.51 2.39 | 43.5 62.3 |15.8 7.58

Range

Vo, STPD Ve, BTPS Heart rate| Ratio, Max/Rest| VE 0, pulse
Resting Maximal Rest | max | Rest | Max ‘ Rest | Max
1 ’ ml ‘ ml mi beﬁ‘t VO2 HR | Rest|Max | mZ/
&g | ke IkgLBM cmht ¢ /min. eat
Men, N=28

80. 2 66.2176.4 11,1 |9.40 |2.70 136.8 31.0 (3.68 | 14.6
11.4 | 8.23]10.4 | 2.332. 33 |0.309| 6. 92| 4.02/0.755 | 1.70
48.2-| 54-156- | 7.6-|6. 1- |1. 91-30. 0-23. 1-{2. 18- [11. 3~
100.4| 88 | 204 |18.8 [15.0 (3.33 148.2 (38.8 (5.17 {19.0

Women, N=14

63.5 |60.7 1183, 918.84 19.42 2,64 |31.0 [34.0 | 2.94 | .53
7.15/0.828] 6.2111. 19 |1. 14 |0. 410] 3. 19 4.73| 0.610| 2. 16
54.3-| 52-) 174-19. 97-7. 16—2. 10-|26. 1-25. 9-125. 9-
84.5

1. 62~
80 | 210 |12.3 (11.6 (3.46 |37.1 [42.1 | 3.91 |13.2

SRR

3 @7 2893 5 oAk 1494 e gA L
A 2 Feoll FEg ol

Aol abi 47 %e dal 2.611/min., o =} 1, 92//min.
E @2 ol gludl A% AFE, FAY AF AE, =
F o Aol d2sl geh. F AF7 Fon
X 3z} 45. 1 mi/min. /kg, o} 2} 37. 0 mI/min. /kg o] go
o, FA4aF 7| F2 2% ¥=} 51, 8 mI/min. /kg LBM,
o] 2} 46, 5 ml/min. /kg LBMo| 1, A7 F 0.2t Bt
15. 7 m//min. /cm body height, ¢ x}7} 12. 6 ml/min./cm
b. height o] 9 ¢}, '
AL A Abd AA Y Aol Al E ol Ao

= A% 7

A 156 w2l AAE 29 2d A 435 A4
A= & Aol & Vet gleth

AT 2 s A3 Aole FAE HolE Aol
Al 2xoleh, AFol A el welAd 2 Az AF
o] F7hshe EoFol Vel gEul AAlR F Aboldl
Ads F2 AR AA S QGG 3E). & Al A
E Aol A3 Ag-E

r=0, 56(P<0. 1)e]+, Lo

Max Vo,(1)=0. 042XBody weight(kg)-0.,16, &=}
ol A& r=0.79(P <. 001)o] = =t-&s}t 2-& A7k 39l
o &

Max Vor(1)=0. 052X Body weight(kg)—0. 78,
AT o2 BAZ A b4 43 wo] Wbl 4 4501,
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Table 3. Coefficients of correlation

Body weight, kg

Fig. 2. Relation between body weight and maximal
oxygen uptake in middle-aged men (X)
and women ()

Azl A 37.0ml/min. /kg ol 2k k& JelE A 7o)
39 27 R4 AL 2] Anch YA Pl 9
et T AY Az AYAL o2 ek oA B
b e AFAAR Tl dAY ad Aa 43 %ol
Fud A9 guct 2 444 el

TR AT A A AR F Abeld] A& wol
€ Aol Al 3Xoleh & Alolely A Abwte FL& A
F AAA dded Ad AT G 3R dAtel 4
r=0.58¢j3l.2 AL

N

i

O}

40r : e
e Max Vo,, 1 Max Vi, 1
Fig. ).
< Men
¢ Body weight, kg 0.56 0.51
« P <.01 <. 01
o1, Xy % x LBM, kg 0.58 0.25
. x X P <, 05 - NS
X X x % .
S x X o Max Vo, ml 0.72
S . o % Xx P <.01
x x x
] o
=
° ° o Women
zor Xy X Body weight, kg 0.79 0.41
o 80 o P <. 001 <.20
° o LBM, kg 0. 69 0.19
sl © P <.01 NS
0‘ Al 1 1 I L Max VOz, 1 0. 56
Ti48 50 160 170 i80 P <0.05
+Body height, cm
Fig. 1. Relation between body height and maximal
oxygen uptake in middle-aged men (X) )
Fig, 3. X.
and women () or Q 0.69, y=0071X—079
T r =069 Yy=007I1X-0. x
¢ § 5% —%
- X S7X /
4.0F ) X éT A %‘ X X
s = o/o/x/x/
" o N
Fig, 2. g _— o//o/ x
X 20+ ° /4 $1r=058, y=00274X +iig6
®
x %b A e
or Xx X x ﬂ* 7 @
5 X %= e}
x X X - ’:/ Al 1 1 1
g. xX / _ “f 0 34 30 50 60
e ¥ x/’o %o % erm LBM. k9
2 P L e :
20t x X g //-‘{: Fig. 3. Relation between lean body mass and
o >0 o r=79, y=0052X -078,9 maximal oxygen uptake in middle-aged
//’//o o men(X) and women(Q).
Laf o .
b . ) ) Max Vo,(1)=0. 027 XLBM+1. 19.
o aq 50 60 70

o 2ol A £ r=0.69 o] 2= 3|74 &

Max Vo, (1)=0. 071X LBM(kg)—~0.79 o] g1 =+,

A 3=l A AqAE ZA e F L Al E It 24A
wrh b Ed] 925k o9 %‘ifz 7b dAg et &
< ol Mt S ludl, T AEFY A4 FAA
Az} A AAY &7 7F wab B4 Adunel M
2k olAL q1Y AFdlE dAlne ge dgm
RureE FAE 2350 glE] Auhe H] $F A
gt Ao 2l A8 RoloA AF SFoz 3
Ak AFHFE SA5E A d = 01 uk% A A wk=
L9l FhgE o F JbE Aol Ak F g4 A2E
Be A ol 2L AFANAE Awtekd wol =
= dzkgtel ¥4 dAlgk g AgE dalelglisk. o
Ak Al 35 o]gA Aog 248t AuaEg AA

& &
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Fig. 4. Relation between maximal oxygen uptake,
and maximal pulmonary ventilation in mi-
ddle-agen men (X) and women (Q).

¢ FAY A F slEeR 245 oL FAlE R =
A gke] F AL JlEigich & dAd JA 5249 F
A A4S veb £ AR axste B, F 53
oAl Fel 46kgal AL AAR st o) B} FAw A
%ol AL A e dAH gkl 2, 46kg ) &
TRk A F2) Ul E ml/kg LBM o2 EAHE
A AF&E ARl A=l WAl 28H F RS
Ak o] 484 &z g A=z FAu A F9 3
27t 45.3kg el EEle o] 44 AA FHe Rt
B30 23 EAWEE e Fu o=l A Atk
A oA vl & Fiebw 8 o

A AR FE T dAol 80.2, 9 A4 63.5
I/min. & HololA A2 Aol k. A =5
whell wdhel vhzko] 94w R FrbgE ALlH ol q 3
o W g2 &d Ak A% 24T A Y
Feh F A EA BE wkel 2de] W AAelA £ A
oldl= A ule A Ak dAtel A AdaiAl 4
£ r=0.720]9le o=} 4 r=0.56 o]}t T3 &
A oS WA A 2k ook s e g P
< AZHAE FL A A doeon Pl A
A A4 r=0.51, Fd =N A r=0.41-& 24k

e FAY A5 AW ARG ol A

FA 7L A2 Ekeh :
e Aa AT Hd AR Apole] T2 A
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A 7F o Hul s3] el Wl o2l zEe] gk
Azke] 9.49 2 ZrhE g 2Tk Hy A 44
eke] A ghell & wlgo] AUl 1L 1R H=}14 8.84
Ao} & o] fE Fstell A iyl ddom o]fste a2
7l & g s Bt 58] 5w 3R S oA}

sl 2 A€ AdAHT e og ol WAL 4
& ¢ $d0l 222 Ad 4 4AFLE BAdE
o g W ez B Wb AAF, AF AE, T
A A% AE, A% A2 lw A% dAgte) oA
Gas Ak

7] dkllE ol dRlel Bl o=k Abolel] Aelst
A=t AN E @29 Br) Fge] 2 2} g
ok, Al @] Feke dalrl 3L0elH Hairt 34,0
o2 Hdax A4 Adld glolA sl 2y
13 A7 dAnd AL 48 sl sk
A Balohe] Ak b FH FA S} e
o] Aelzta syl o}

A4 EeE 9 Atk 43 AddA il dAe
k4 gk 66.29] 2.7l 176.4/min. T Ro| g I o
e AZk 69.79 2,640l 183.9/min. & Bo]g el
AL et Zo] £3AS L FA Ao 2} PeA &
W ubae 180/min. el o] 2wl Ald] WY Are
i EEY 2ARLE £ A 3 Ax W] F
1 @2}l 4 14, 6 ml/beat 24 F1d o =}2] 9,53 ml/beat
o wlske A Z g Helyw

1 58l

}o_%o

W 2

N

o

n &
el#e] HF 45.0040.3~50. 7ADA &l 3 ¥=le] 3
= Ak *\M o] 2.617/min. 24 d¥o] 2T olelal
Z T ¥ 40.5(34.3~47. 54D A Fd ol 4] 1.92

J/min, Be} Zebe A4 Fd ko] Alxl A4 (phy-
sical fitness) M A& Fed FHo] F A1 24 1
o} %’%‘l —?—%%‘1‘ 4L AR & olel g e A
27F 3 T8 2ol got HA A EAE F
%ol ?—-lf% —’F Qe Lotk A Ax A% ZARE
AT 7T =2 TAY AT 71202 3= Aol 2l
Feldel 2z (EA%E, WEH, 1965 olAd w=d
34 @79 45.1 ml/min. /kg E¥ 51.8 m¢/min. /kg LB

& 9 =19 37.0ml/min./kg o} v} 46, 5 ml/min./
kg LBM Rt} zch olo} 28 o] Als Ak o
v AEAE de AddAs A= 924 1449
gzt Sl A 53,7 ml/min. /kg =& 63.7 m!/min. /kg
LBM | =3le] 14418 o=} S A 47, 4 ml/min./
kg =+ 61.7ml/min./kg LBM 5} 7o) (35, F 1968,
&, F, 1968) ¥=yt a4 x A=), Q¥ #F
17.4 Al gl Ak 25389 2l Abx 44 3ke] 52:7ml



154 —HEAW - A T B9 A A

/min./kg =& 57.9ml/min./kg LBM ¢ld] vt} 3T
A% 16,9419 A2 1% 4o AL 39.7ml/
min/kg == 51, 2m//min. /kg LBM o2 oa] &=}
el wA mch abel, 20418 @R 4qld AW Ak
AF =L 44.5ml/min./kg B=E 51.9ml/min./kg LBM
LBAQSA, dA4L, 1965), HT o9 18,64 =
¢ 39.7ml/min./kg =¥ 51.2ml/min./kg LBM |4,
BF A5 2048 Sl A 41, 3 mi/min. /kg Foil w8k
o @At efAnet At od AL 53 AF E
E2ANA Fesy FAYAF /I EFezE dAs) A
AR edl, o|AL 4= FAubwpo] datuch g ¢
o] =z 49l Ao+

o]gAl Bl A Yol & Fsted dAte Ad A 4
Ao A2 2o gz dgler] A= 439 &3
Aol AR o] e Bl EE Rolgvta & 4 slvh

Table 4. Comparison of maximal oxygen uptake
and age in sedentary men and women

Max Vo,, STPD

Age AR Reference
1 | M

kg kgLBM

14.0 | 2.11 | 53.7] 63,7
17.4 } 2.86 | 52.7| 57.9
21.9 | 2.61 | 44.5| 51.9
23.413.2 |4

H6R 3, FIHH, 1966
A3k 24
£, T, 1965

Hermansen and And-
ersen, 1965

Hettingger et al.,1961
This study
Anersen and Herma-

nsen, 1965
Astrand et al., 1959

Men

41-50, 2.01
45.0 | 2.61 | 45.1| 51.8
53.9]2.63 | 36

60.2 | 2.24 } 30.1

14.0 } 1.78 | 47. 4] 61.7 J%W%’ TEESE, 1966
16.911.93)39.7 512

18.6 | 2.23 | 42.5 55.8
20 2.16 | 41.3
22.6 2.3 |38

MR, 1966
EHE 5 1966

Hermansen and And-
ersen, 1965

This study

Women

40.5)1.92 | 37.0; 46.5

o A4 Alg E% H4 4= vl A4n
S 2 S99 22 ARE AAR Add & &
A% dogons B AL FTYo] nFIA
o} Ztel, n 5 a gyl of 27 7bx AL 2 A
E5 vt A 2 A& AT Aold e FL AL
A A 49 ZHellE stoh 28 mi/kg B E
ml/kg LBM o2 FAH= FAe] 2-& Fg0] AY
231 LFHYL FopA A, dxl g 2 2040
W2tk A gk 25 edsE Aok 53 mi/ke

>
e Bodr-

=5

o

AdHg—
LBM sAdAE 4% S7td =2t A4 4 43
% Aast AR 2 3l dA Ao ax 4
FAHL 45, 1mi/kg =+ 51.8ml/kg LBM o 2A Fa}
2% F4Rche 2ot 200 Adse 2 gold,
o]gAl Bl dAldl gefAE ola £udse e A
A 44 (physical fitness)-$ vieble] 204 AW A7
A &G 2 FE e 45 2¢ ARG %
T4 gk F A5 $d @3l &g 598 A
aA s} 7ol ‘rrzlﬂx_“’]-—l— skl o

AAN AL Aol & thzeh, oA FHA o4
& A3 %L 47. 4 ml/min. /kg == 61. 7 ml/min. /kg LB
Moz FAu AF 71Fone @2 Fd43 Aol
geh A 2S5 gel A& 39,7 ml/min. /kg EE 51,2
ml/min. /kg LBM 0.2 =} S wsle] &AslA
Zrase] gt 204 oA (FEFE 5, 196604 & 41.3
ml/min./kg 2 o= 34 Bk ek AFE 18,644
A= CEHES, FER, 1968)91 4 & 42.5 ml/min. /kg =
¥ 55.8 ml/min. /kg LBM o] 2.5 e] gleA 16,948
7t TERY Hebk T goluk oA E 14049 A=
F84 wele A, $d 26l A= 87.0ml/min. /kg
2 dAnERY gt A Aol Qo Ao B
Ay 2 F AFo2E 46.5ml/min. /kg LBM o]o] 4 &
A Aase] vk o] 4.2 o218 dyge] Ay &
A upekol Frlsl= CEMIB, £T%, 1966) o] A o] Al
= qdEo EAstE Ao gt &
& AEAI7] 7] W] o)t A Ak

W i Fy 58 FHe Seveldd e o
BIaL 2 vt dod 9F 2aye g@9e] ek
Andersen 3} Hermansen(1965)¢ s o3 53,949
ool AHFAelA Holl A4k A& o] 2.63//min. =
+ 36 ml/min./kgz} B3 sty SEviel 454 @
27t 45 ml/min. /kg 2} 2 & AR Al wEie @
AVA Al olAdtoezm ¥ ¢eve 39 »l-x]—ﬁ]
z+e} $d o] :x2dlo] abghuv) 4shclm b
=9 4150418 At 7Y Av Az A3 TFe] 2.01
{/min. ] E5}36] (Hettinger et al., 1961), o] & Z--&
e o4 n5ed ddold e g 2 A
olch. ®F Abgtoz AL o 23226 Tt H
AAE 23235 Z7)= 3T 49 60.24 (56—684])
gt A 3w Aba AF o] 2.241/min. == 30.1ml
/min. /kg o] 2t (Astrand et al., 1959) gt55} ¥ 28l =
$vtel 0l @A gk "4 =, olgEtd Ad A
& AN FE 5ol == el $d gl 2
4 ¥R S4B 4+ ek 449 A2i A0
el A wmy Ao) gov, HF A7 22649
2] dzllA 2,.3/min. =& 38 ml/min./kg 7} B
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Foz Hu Sehviel
22 vel 34~4T7 A8 F
Selviel g oAt 2eA

v 95 qrieke e 5L FRARHI s
A FFE st &= Z37 7 dejdg & o
Hx 424 ad 3] %] A 37w A3
$o Uz 2dAAA (3, w8, 1968) 9.79, ¥
Zg el 4 10, 7 o] 3, o 2} Sl A (BF, B, 1968,
10. 24, &=} Z5TPeA 10. 12 BIEe] 3Ewl
AL F Aol A 9.4, Fd ARl 9.4we
He e s ul53 F o volsb Wokzlvtm
#HA sSEsFd A3 e AL ohvish gAd
2 371 L% (maximal breathing capacity)& A4
$%5 % o] 8 2 2] 7 o} 2.2 2 (Andersen, 1960),
3 Y =g A3 ) A 9.4z Foet
= ol e €8 slFAal 3] -6l ARt e

a &3 ch

A% AE34EAF A a4 ARG A Rt
176/min., 51 o] Ao A 184/min. ol o] 2 A =LY
Zrol o Zeh Adle] alul S el gelA A7k
AR deSs o ggvie & F ¢ o, @dahd
gt ofAe] 42 3¢ Bete o & A dEest A
2 451 dvbe AL o A A% w3
Edde 4£5 AR & 408 AR FEeske A
ol g Ao, otsl golA A A AE dFFE i
ot B (Astrand et al, 195931 ok d o =pu

o AL AL Qqle] dre gvkne &+ g
A4 #2H(Oxygen pulse)-& A uhE4o} =37 F
o 2¢4q A8 § slE AQH T 27146
ml/beat & Fv A4 9.5mi/beat Rtk A I
olakE 213 Y=o 43y A4 ik TEol d=tnH
Zoie AL sles ST 5o Ads ke
20. 6 ml/beat ol =. o] 2 =u] (Andersen and Hermansen,
1965), A=re] 2 =4 9.5 ml/beat & 1 Akl £
spebe, 28 u @5 o2k FEAelA 9.4, dA LF
oA 9.9ml/beat 24 (8, 7, 1968) Fd et
2 Aolth, WAt eI Ab4 9 bo] 14. 4 ml/beat
o (55, B, 1968), 20% 4 <l d=bell4] 13, 3ml/beat
(A, d714, 1965) 59 2ust e A= F
date] ghe o] & dgo] ohE =Y AEFH F2

L del gk of e Al
34 A9 g 2o &
A9 A $AL S

A

M

Lo}

o —

2 E

FFq Fd oA Al Ax AfSE AR
£ ST A% 45.0 4] (40.3~50.7 Al )gl 287 o]
g ke BT 29 40.5(34.3~47.54)81 14 ¢]

vl S|8FAY SHF Folst A 7.59mm, o =l
A 14.5mm o] Q3 & upgke] d=} 11.9%, 9= 25.5
%oldl.or $13719 A&l 5AE vebdieh 2dq9 A
A g AgEte ohga 2 A4S dgr

L Fd 229 3d 4k 4FFE od 2=z =
At E Fd 219 AR Aok F @A b A
9 ke 2,614 1.92¢/min, 45.1 9 37.0ml/min./kg,
51.8 © 46.5 mi/min./kg LBM, 15.7 9l 12.6 ml/min./
cm body height o] ¢l &},

2. A A2l 29 Ytel A 80,21/ min., 33
o Aol A 63,5 {/min. o] g} t},

3. & A& 4SS AF L FAY AFHY A
olell Aal A7t glglom] sl AdE Fd FAe| A
27 r=0.56 & r=0.58°1902 F1l =l r=0.79
al r=0, 69 ¢] ¢ =}.

4. Fd AFA s A5 2 FAG AFSAY Aoy
Az A e vl A A A2 r=0.51 2 r=0,2509]
dor, Fu o=l A r=0.41 2 0.19 ]tk

5. ol AR EE S5 d=ll A 176, 4/min., 5
1 el A4 183, 9/min. of] o] 2t}

6. A& wule Za3 zls} 14,6 mi/beat, 11 o
Aol A 9,5 ml/beat o] g th.

7. 34 9 =¥ ml/kg =+ mi/kg LBM o g #
A5 & #Ad Abs 4R o] AAY gt 2ed I
ol 2w e 2o S o] Adrsleh 2ok,
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