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A Study of General Endurance Training Effect on Respiro-
circulatory Functions

—— treadmill running at light and middle intensity of work load —
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performance ®FERIFREEEIC 52 5 HEEO\WC, EBOME intensity, B duration,
B frequency *HRH LA BOBRRIEBHEECEVEFIRLIDOTH S,

BHEEHFHEARCK TS, %l BHEVCOIEBNRTFMLT, BEEEBCE
5 HEEBORB LV IBXFTFLrLHEMIRTED, B hBeEsR Mt hBEcd K2k
EARLAE XI5y, M—RBEAOLKETET» Y ERE, EBVENERILAY
BErRbb,

¥ (1970, 1967)'71 3, EELS L XEBORT L5 HE~0BE T Hifs LT,
BLEE LVHRERTEDOEHOBLEDOBIRTH 5 & L, AMCWHO19684% 1
TORE LERAOETE FOME] L\ 5 BETIT - 72 Symposium DB D\ T ~T
Kb, BEHFhE, B EBARRE Hypokinesia 7 bERIh s 4 hBEEEDO T Ch
D, BEERFROBERC LTS FHENARCH LTToeaBob bt Th
BELTWD, COBE, BHOFE LVWEREKE optimal level i oW CI4A AT X » T
Bih LTh, BELCHEFEE » o ABMEEBEIRCRBLHELRELRLBEIRS DD
BREROLORIOAC LB RD LR D KETHA 5,

HHZs (1950, 1956)4% % training 7% energy OWHIE LT ToHEIWEIRD
LoD BERIESAD S E2EHL, L LI BERSS IR REBCE - 2h s
BN D E L TnA, TOI & —BIESs % training 2 BIAT 5 B L AR
CEBELERThE bW ETHD, o

4% Physical resource 7 bR AHEAKOR DL L VIRETHLRK O BRER
BORDOMITA, project team T X W RFH I hTW52, BAX O, EREOR ZEL S Cx
bR, iR, SR TR ERT70% VO, max, 54, 3E/EL L, 5 BHL Lo minimal
standard 2ARE I TWB, Lo L7es s submaximal 7o—EAMESCH T 5 £ BEER



130 FUHEEAE BB 35 B

B bARBLEZNR I VEHGCEECLHESLDZHEEL L, T, —HOEEILITTE T
Wb o b & <, TR Icd ORI T,

AP IR S S, BRSSP RERERIC S 2 %5 minimal foiBE A
B3], ETEEY T LA DRELHIE L, training 222l L L5 28
Ll DTH D,

I &K & F

BREZEOWEBELEROCEROHE&FIC2\T Table 1 &—# L TRLL,
1) training o F§E: ‘

training © FEEAFED treadmill Ef7Th b, FEAE LTHE 1~ 3112 training
EERZRBEHCHES3E, 5~68Tonk, EFOLEELLTRENYEEL, UTo X5
e L,

T, RS group © training I8 1 #Iik 120m/min x 154, # 28, £ 3
1A FR 150m/min X 124, 180m/min X 10 TH », KM THEEI2ERI1800m TH
ot FEFEERSE 1Y 120m/min & LDk, “ORBRZEEL S v= v I/ OBREETH
b, minimal 7eEEEL SRBT 5 LV IEBBIRE - THRESh LD TH D, FHAREEILE
WIBEE RO R LY WHT 5854, WMES—TELU LEORS ~105 U LA NETHBE LD
RS bRES R 0T, KMEE O 180m/min #HE TL05 OFFAE & it o,

o X B training £FBICb b, ETEEY T UEBELYENT A HET, 3B
PR DWW CHEII B Lc b O Th B,

Fie, HB1MEE2MEOE 2L 3o training (RIXZh £1508 ~101H, 41H
~102H & > T\ b, ZHIZETEERO training ZROWELE D, T 5 training
WU LR LEC SR 5L DTH D,

$d group o training (155 13 120m/min x 205 & L, 48B~52H OKILHin k%
B2 MR A —B L BT, 200m/min x 1257 @ training %17 -7z, = O¥E, Ko EE
training 132400m OEEETH A, ¥ 1 4% 200m/min © training &L, 1028 ki
L7 240m/min X 105 D % 17\, X HIZ 1 4% 240m/min x 1047 @ training & Lz,

DAk, k% group bEEMbE—EC L, MEDZWIET 5 5k CREBTRIICIRES S hio s,
BHREOTHET LV ER 2BEOBETH -,

2) training ©8, BE

training OBEIFHBOMSFR & LTHEIE L 5~6BTH- A, training BHFEV
RIS group B ThThE 1 18 ~16MEH, 14.4~28 8kn, £ 2 13~19[H,
23.4~35.9kn, 3 {l13~18[E, 23.4~33.8kmTH - 72,

B b FRRC S 1 113~16[H, 31.2~38.4kn, # 2 {114~15E, 33.6~36.0knTH -7z,
F 72, H3HNT1TI~18[H, 26.4~43.4knTh -7z,

Fh, AWOETHRELSE 1Mo training BBTIICHITE LA O, I VO, max
MhBA L, JFEBEEOSE 1 (120m/min) 1353~63% VO, max, & 2 {1 (150m/min) %
66~75% VO, max, % 3 i (180m/min) 1372~81% VO; max Tk -, o

BEEE O 11 (120m/min) 1351~52% VO, max, # 2 i (200m/min) 1365~69% VO,



Table. 1 Characteristics of the subjects and conditions of training

— | f N .
— Weight ss VO; max
e — Age t (kg) Training [ di before training 9% of VO, max
| (year) \ before after week  session tOt& ‘Sta?,f,f) l/min  ml/kg/min
control group |
120m/min x 15min M 25.2 58.6 58.7
n=>5 S-D
training group (untrained) No. 1 22 55.0 55.0 6 16 28.8 2.46 44.7 63
120m/min x {5min 2 33 58.5 58.5 4 8 14.4 2.39 40.9 53
3 42 73.7 74.0 6 12 21.6 3.20 43.4 63
M 32 62.4 62.5 5.3 12 21.6 2.68 43.0 60
No. 1 55.0 54.5 5 15 27.0 66
150m/min x {2min 2 57.0 60.0 6 19 35.9 72
3 73.5 73.9 6 13 23.4 75
M 61.8 61.8 5.7 15.7 28.8 71
No. 1 57.2 56.0 [ 18 33.8 2.52 44.1 81
180m/min x {0min 2 58.0 58.0 5 13 23.4 2.39 41.2 72
3 71.2 71.8 6 14 24 .4 3.75 52.7 77
M 62.1 61.9 5.7 15 27.2 2.89 46.5 77
training group (trained) No. 4 22 58.0 57.0 6 13 31.2 2.93 50.5 51
120m/min x 20min 5 | 24 63.0 64.2 6 16 38.4 3.05 48.4 52
M 23 60.5 60.6 6 14.5 34.8 2.99 49 .4 52
No. 4 59.0 58.0 5 15 36.0 69
200m/min x 12min 5 63.5 62.4 5 14 33.6 65
M 61.3 60.2 5 14.5 34.8 67
No. 7 34 69.5 69.5 5 14 33.6 3.26 46.9 79
No.6 21 | 64.8 62.7 5 1 2.4 ‘
240m /min X 10min 7 34 €9.3 68.6 6 18 43.4
M 67.1 65.7 5.5 14.5 34.9
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THol,
3) HtE, EREEH

FREZEIZVCThE BT TH b training group & LT22~42DIEBHE 3 4, 22~345%
DEFHE A%, WG group & LTI FHERS.2BOFEBRBES L TH -1,

training HIRIR OGRS M L group i 1 R CBHSIET A TH (24.0~27.5
C) ~9 Ak (21.5~24.5C) , HF2xFAE10ATH (18.2~20.0C) ~128 L4 (17.5
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EENAER, BEERISS FTbR,

B oh B, b BREE VE, O, A VO, (STPD), & O, Fifi% O, Removal
VO,/VE (BTPS), L H R, WM R - R, O, Ik O, pulse VO,/H - R %55 L1,

#¥7z, treadmill speed, FEEEATER TAHALD T v = v /<A VCEB LI Fy P LY
— FAY 4 v FIL D EEEALARHE L, 4ch. polygraph EH L7,

Fig. 1 c iPRTBEERBSBE 0 ZHe By, EB)I, [EIEEFD polygraph o—4#l%, Fig.2 tra-
ining Mg OBREE, O, BIE WE O FHEOE{O—FERL T2,

BHREILE, EHREZHCRCTEBERVI EABRAIN TV LREELETH DN, £
LEBOLDERCET D, EELHOBERYESE LBCREFOL L EABRSA, 4
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Fig. 1 polygraph - of respiro-circulatory functions
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Fig. 2 Respiratory functions of before
and after training
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4% group ® treadmill 77 training w5 MRFEBEOE L% Table 2 iRk Liz,
L OEEEOHB S Fig. 3 WiR L, ¥, training Bi%3#E L L training o
WaES T Fig. 4 &R L, Fig. 5 EBKO LM, O Ik, W% O, FIHZK D training
S EAEOHEERT DWTR LI,

1. HKEOEL

PRE TR group TliA& {Z LA/ <, training group FHENDL & 2 L B E
group D EARE O 240m/min x 104 training CTHEAMER (1.4kg) BB - 1DRTH - 12h,
BABICITS TR D - 7o, JFEHE group T11E 2 81 (150m/min x 124) training
14753.0keh¥, %34 (180m/min x104) T14M 1.2k THh -7, 8% group ©
training T# 2 (200m/min x125) TH 1.0~1. ke ThHh, HABEOHRE L Lo
training CHEXESWOTHEAD - 1,

2. DK

OB IEEEE group O L] training THLMAREA LTW%, Fig. 6 (a~c¢)
BE1H~E 3ok, EH, EEHEEE0 LM TH B No. 2 No. 3 K 20E 2k
%<, —BRHCEBHLOBROBY R EOROES), BEHCEEL L2038 5,

e L b training W X AHEB A A D L, JEBEE group TILEBIRFHE 1 (120
m/min x 16%)) THEF 145 5168 (11%) W, % 2#] (150m/min x 125) THES5 15040
Lok (6% W, # 34 (180m/min x10%) TI165A2~5 83 (5%) OWA DS -7,

ey, EER L RRCEAOERCS D, SHIRE L TETREhAEL90,3~93.5%, #*
#1291.0~92.6% TH - 7=, ,

SR group CLLFREGERINSEE LY, £ 18 (120m/min x2047) TRAIE, HKERE
nENES 1153, TURHEBALE LI -, # 28 (200m/min x 124) Tit4ES 157



Table 2. Changes in respiro-circulatory functions caused by endurance training (1)

\\\. Heart rate (beat/min) R-R (breath/min)| VE (1/min)BTPS
T

e Rest [ Exercise Recovery Exercise Exercise
T ~~ before after [before after | before after before after before after

control group
120m/min x 15min ; M. 70.4 70.8 134.8 133.6 | 97.8 96.8 26.8 25.1 41.65 40.02
n=>5 S*D 7.0 7.9 E 9.5 14.4 5.5 13.1 8.5 9.5 5.81 6.88
training group (untrained) No. 1| 88.0 92.4 | 153.2 147.0 | 100.6 115.2 34.7 32.4 49.86  42.64
120m /min X {5min 21 71.6 61.8 | 144.1 122.6 | 111.8 92.8 28.4 28.9 35.33 34.06
3| 66.0 53.8 | 138.3 116.8 | 98.8 84.4 26.2 24.1 59.42 56.47
M 75.2 69.3 | 145.2 128.8 | 103.7 97.5 29.8 28.5 48.20 44,39
S-D 11.4 18.2 7.5 16.0 7.0 15.9 4.4 4.2 12.13  11.31
. o No. 1| 83.6 81.2 | 152.1 149.6 | 115.4 106.0 35.1 35.1 47.13  44.04
150m/min X 12min 21 75.6 63.4 | 142.6 128.7 | 107.0 104.0 33.4 28.3 45.34 42,91
31 61.6 61.2 | 153.0 143.6 | 112.4 96.8 2.5 28.3 68.68 60.20
M 73.6 68.6 | 149.2 140.6 | 111.6 102.3 32.7 30.6 53.72 49.05
S:M | 111 11.0 5.8 10.8 4.3 4.8 2.9 3.9 12.99 9.67
) . No. 1] 81.1 84.2 168.3 168.5 | 119.0 122.8 38.5 — 68.93 66.47
180m /min X {0min 21 76.0 62.2 | 162.7 150.5 | 117.2 108.4 33,1 36.0 49.13 53,13
31 64.6 54,2 | 163.5 149.8 | 116.2 95.4 33.3 27.2 92.19 87.97
M 73.9 66.9 164.8 156.3 | 117.5 108.9 35.0 70.08 69.19
S-M 8.4 15.5 3.0 10.6 1.4 13.7 3.1 21.55 17.58
training group (trained) No. 4| 61.6 54,4 | 116.7 113.1 . 73.6 73.2 24.6 24.4 41.40 39.78
120m/minx 20min 51 65.2 73.0 113.1 114.6 | 75.2 90.0 38.5 31.7 45,46 39,46
M 63.4 63.7 114.9 113.9 | 74.4 81.6 31.6 28.1 43,43  39.62
. . No, 4| 57.6 64.8 | 163.8 164.1 | 97.4 104.6 32.6 32.3 65.61 57.35
200m/min x 12min 51 70.0 58.8 1 150.1 139.8 | 102.8 91.8 60.7 39.2 78.70  63.56
M 63.8 61.8 | 157.0 152.0 | 100.1 96.7 46.7 35.8 72.16  60.46
No .7 | 56.0 53.4 169.2 143.9 | 100.0 93.8 38.1 69.91 72.61
No. 6| 71.4 62.2 173.9 166.0 | 119.4 114.4 47.5 39.1 89.06 82.10
240m /min X 10min T, 62.8 54.6 162.6 157.0 1 118.0 108.6 43.4 43,3 91.37 91.64
‘ M 67.1 58.4 | 168.3 161.5 | 118.7 111.5 45.4 41.2 90.22 86.57
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Table. 2 Changes in respiro-circulatory functions caused by endurance training (2)

Vg 2,1‘(1{3“6@ 0, Removal (ml/1) |~ O, Pulse (ml/beat) Tlg"‘}lbxgl&%le Rateof oxygen de(bo‘i
Exercise Exercise Exercise Exercise
) before after | before after | before after | before after | before after
control group :

120m /min x 15min M 1.555 1.487 37.8 38.3 1.5 1.1 1,626 1.758 4.1 5.5
n=5 S-D| 0.295 0.153 6.6 8.4 1.5 1.6 0.312 0.572 2.0 2.1
training group (untrained) No. 1 1.556 1.443 31.2 sgg 1g. é 3.8 1.409 1.221 4.0 2.0
R : : 21 1.267 1.237 35.9 36, . 7 1.231  1.164 1.3 5.3
120m /min x 15min 31 2017 - 1573 34.0 27.9 14.6 13.5 2974 2,287 | 5.8 6.9
‘M 1.613 1.418 33.7 32.7 1.2 110 1.638 1.581 3.7 4.7
S'D| 0.378 0.169 2.4 4.3 3.0 2.2 0.558 0.615 2.3 2.5
) ) No. 1| 1.619 1.844 34.4 41.9 10.6. :12.3 1.657  1.514 5.1 8.0
| 150m/min x 12min 2| 1.712 1.633 37.8 38.2 12.0 . 12.7 1.364 1.520 8.4 6.9
3. 2.411 2.420 35.1 40.2 5.8 16.7 2.827 2.624 | 10.4 6.4
M 1.914 1.967 35.8 40.1 12.8  13.9 1.949 1,886 8.0 7.1
S-D| 0.433 0.405 1.8 1.9 2.7 2.4 0.774 0.639 2.7 0.8
. _ No.1| 2044 2377 | 207 358 | 121 141 1795  — | 14.5 13.4
180m/min x {gmin 2 1.710 1.763 34.8 33.2 0.5 1.7 1.484 1.476 | 11.4 11.0
3| 2.887 2.903 31.3 33.2 7.6  19.4 2.760 3.216 9.7 10.6
M 2.214 7 2.348 31.9 34.1 13.4  15.1 2.013 — | 11.9 1.7
$-D | 0.607 0.571 2.6 1.5 3.7 3.9 0.665 2.4 1.5
| training group (trained) No. 4| 1,485  1.353 35.8 34.0 12,3 12.0 1.686 1.632 5.0 4.5
| 120m/min x 20min L5 1759 1.147 35.1 29.0 4.0 10.0 1.187  1.388 4.4 4.7
: M 1.540 1.250 35.5 32.0 3.4 11.0 1.437  1.510 5.0 4.6"
. . No. 4| 2.107  2.175 32.1 3.9 2.9 13.3° 2,031 1,779 | 7.1 2.0
200m/min x 12min 571 1,983 2.268 25.2 35.7 13.2 - 16.2 1,305 1.645 8.2 8.8
M 2.045°  2.222 28.7 36.8 13,1 14.8 1.668 1,712 7.6 5.6
No, 7| 2.571 2.532 36.8 34.9 5.2 17.6 1.832 - 10.0 4.8
No. 6 | 2.855 2.751 51.8 33.5 16.8 17.0 1.962 1,993 | 13,0 13.3
240m /min x {0min 7| 3234 3.231 35.4 35.5 19.9  20.6 1,992 2,100 | 14.7 14.9
M 3.035 2.991 33.6 . 34.5 18.4 18.6 1.977  2.046 | 13.9 14.2
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WAL 5 (Fw 1403 169 15 52541, 15% DA o4, #3# (240m/min x 104)
THES 1681 L6 (4%) OBLDH -1,

®o T, BEAMTLEHOHEEES 140~150 #a0 KB F THET 5 & training ©
Lo THATDH, 110~120 30O LA TREBY LI Bl RS - o, $1, BWEOMINC X%
ORBEMA—B L %<l oTh, Thiof-TRABEL K E I HRLd o,

training 1< X 2 O3B BB O 2070 B3, L L EIEEGC $ R T A R
SR

W, XM group I1Hitk 2 MOMET, K, EE, EHEEFEHRIESFNRERT0. T1H,
135. 134%4, 98. 97HITH D, WITFhd 1 LUNROLEE TH -7,
3. B &R &

BRELEBR T, JEBEEYE group TTH 1 (120m/min x 1547) 1345548.24 5 5

H-R V-E - T-V oo VO,
(beat,”min) (£,/min) . (ml /breath) - {(ml,/min)
2000 |- —
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- 1500 |
- 1500
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[T 150m,  180m, 120m,  150m. 180 S 12 5 ¢ 120m,  150m,  180m,
i P i ¢ anin Pamin - Vmin R R SminminsSmin
170 F — _ 90 I 1 3000 - M
S . 3 2000 f-
150 2500
- 1 F 1500 b
slc -
£ =4
[ 50 ¢ 2000
12 | - 1000
alblaj ibla bla bla bja| |bia bia
T {btay ,T : T 1500
120m, _ 200 2401 ; 200, 240m, P L
m/min P Zmin "/‘/min uon}?nin Trnin imin 12 Om “’;EOO/m” Momlm\n
bla
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02 Removal 02 Pulse Rate of Opdebt Tmin T Vhin win
(mL,7 1) (ml,/beat) (%)
[EX S F‘
40 DR o
Y
L R s b
- ] .
30 6k
[ . WE ik b:bhefore training
blaj |[bla} |bja| |bla jr bla] ibjal |bla o l b{al
”T ()T ”T bla bla| Jajb a:after training
© 120m. 150m 180m, C o R0m 150m 180, ¢ 120m.  150m, 180m,
ol min omin <min Smin Smin 5 Smin Cmin “min c: control group
1 - — M 12 b
p L Eu - 4
30 b ) 5 s
] s b
1 bla [1: alblaj |bla P
¢ 2|2 6 b
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0 E
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Imin Smin Smin

Fig. 3 Mean values for respiro-circulatory functions in exercise
before and after the endurance training
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44.40 F 8 %W, E28 (150m/min x 125 (34553.7 4 2> 549.14 L 9 Z DRI TH > 1z
2%, # 31 (180m/min x 104) TIXESF70.14 7:569.04 LFhA ERLITTE

s group THHE 18 (120m/min x 2054) CIE543.44 5> 539.64 & 9 % DES,
%281 (200m/min x 1247) TRMEHT2.246 72 1560.5 4 L12% DWA Th - fon’, 531 (240
m/min x 105) TREBLLELE Mol - T, F group FLHMBEED training T
BB H B2, HERERE training TOBRKEOWAIKE (Vo '
4. O, EERE

EER O, B S IEBEE, 8% group £IcBEATN training THA L, #%
FERREE £ training TZE b, Bk group TIREMERD D oo, Tiob bIFE
i group o training CIEBREY, 1% (120m/min x 15%) 13455 1.613 £ 22 B

H- R (exercise) H- R {(recovery) V- E (exercise) V Oz (exercise)
80 100{%) 80 100(%) 80 100(%) 80 100(%)
T Li H ¥ Li T L3 T T 1 T T ; T ! Y T ™ ¥
'
E coutrol i contro i | control i
1 1 ! ]
s 120m/min 1 ¢ 120m/min i 120m )
: 150m/min ; 150m/min : 150m/m
H 180m/min ) H 180m/min H 180m/min
! — pe—
! 120m/min ] 120m/min_ | | 120m/min
' 200m/min i 200z /min] ! 200m/min
! No, 7 1 No. 7 No. 7 '
i i j |
H 240m/min B 240m/min H 240m/min !
Oz removal (exercise) Ozpulse{exercise) T V{exercise) Oz requirement Rate of O:debt
80 100(%) 80 100(%) 80 100{%) 80 100(%) 40 60 80 100 120(%)
R s nanas Sy s e e TR s S A Y S L T
control control H control ] econtrol i - control
: : n 5 : "
120m/min H 120m/min I 120m/min 11 120m/min H 120m/min
150m/min 1 150m/min 1 150m/min li 150m/min 150m/min
180m/min | 180m/min ] 180m/min 1 -180m/min 180m/min
120m/min H 120m/min| E 120m/min 120m/min

200m/min ] 200m/min 1 200m/min i 200m/min 200m/min

No, 7 i No, 7 [ R No, 7 . 3
| ""P“‘J, \ ]‘:
i L
240m/min 240m/min 1 240m/min i 240m/min 1 240m/min

Fig. 4 Rate of increase and decrease in respiro-circutory furictions
from the before training level
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5. % O, FIFE

% O, FifA%R 0, Removal (VO/VE) #f#&fs HERLES O, ®Ch Y, HiF
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training 12 X B EEML e - 1o,
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Fig. 8 wIF@iZ 0 O, HHE L O, [ROMBI%R R LT \5 2%, training HKxm—o O &
BI O lROMKDOBL = 55,
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e '
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Pk, BB AR s & RIRE OBV FHAK training TILEBR O BREIHA L,
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Fig. 8 Correlation between oxygen uptake and oxygen pulse at before and
after endurance training :
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Pollock et al(1971)*" 13 34 §H48. 97F D HAEF 164102\ T, 405 E O 1T training
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Fi R+C, Hb EoMEMRFEE 4 0OBEROMEIRLEZ bW 5, Fofc—BRgEED
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L LA DECBESNEREIN B WRED —~EREEOBALEE L2, BR
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