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== Abstract =

Changes of Heart Rate During Marathon Running

Dept. of Physiology and Institutue of Sports Science, Yonsei Univ. College of Medicine

In Kyo Kim, Jung Woo Lee, Jong Sik Hah, Yun Hee Ryu,
Jung Ok Choi and Ki Ho Kim

To evéluate the present status of physical fittness of Korean long distance runners, body
‘fat, pulmonary functions, maximal oxygen. intake and oxygen debt were measured in 5 elite
marathoners (A group), 6 college student runners (B group) and 3 middle school student
runners (C group). After laboratory tests, full course marathon running was performed in
2 elite marathoners during which their heart rates were monitored continuously.

The results are summerized as follows:

1) Total body fat in all three groups are in the range of 13-15% of their body weight.

2) In all three groups, average values of var;’ous pulmonary functions were within the
‘normal limits, but those of tidal volume were higher and respiratory rate wefe lower in

comparisen to normal values. These phenomena may represent respiratory adaptations against
‘training. The average resting oxygen consumptions in A,B and C were 322+23, 278+14 and
"2874-16 ml/min, respectively. '

3) In all three groups, resting blood pressures were in the normal range, but the resting
heart rate was slightly lower in groups A (563 beats/min) and B (64+2 beats/min) and
-higher in group C (82+9 beats/min) in comparison to normal values. These changes in card-
‘iovascular functions in marathoners may also represent adaptive phenomena.

4) During treadmill running the minute ventilation and oxygen consumption of the runners
‘increased lineally with work load in all three groups. When the oxygen consumption was
related to heart rate, it appeared to be a exponential function of the heart rate in all three
groups.

5) The average maximal heart rates during maximal work were 196+3, 191+3 and 196+5
‘beats/min for groups A,B and C, respectively. Maximal oxygen intakes were 84, 2--3.3 ml/
min/kg in group A, 65.241.1 ml/min/kg in group B and 58.720.4 ml/min/kg in group C.

6) In all three groups, oxygen debts and the rates of recovery of heart rate after treadmill
running were lower than those of long ditsance runners reported previously.

7) The 40 km running time in 2 elite marathoners was recorded to be 2°42/25”, and their
mean speed was 243 m/min (ranged 218 to 274 m/min). The heart rate appeared to increase
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ineally with running speed, and the total energy expenditure during 40 km running was

approximately 1360.2 Calories. From these-it can be speculatéd ‘that if their heart rates were

naintained at 166 beats/min during the full course of marathon running, their records would

lie arround 2°15.

Based on these results, we may suspect that a successful long distance running is, in part,

dependent on the economical utilization of one’s aerobic capacity..
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T Ad A AAFS 7. 4ml/min/kg e dkEhe
A7l 71 %] €& Shorter(2° 10’ 30”), Moore(2° 11"
36" 5 BF HEA olstgdan F& AASE g
Z}¢l Clayton(2° 87 227)-& -H-3l 69. 7 ml/min/kg 8lar
kgl vk Shorter Y- Claytono] 259 o) A& 43
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2 AR 4 40km F5k4] 71g wlE speed 7} 274
ml/min @ £l (A 125 F2) ol HF A5+
t 14824 (A|13E FZ) old A FHE Ak L]
& 2210ml/min 3 Eol=] (A 8 £ FZ) o] e ZE
o HF He) A4 A5 5169 ml/min ] oF 43%
HEo|r}, Costill ¥ Fox®& A9 g wlg}E A4
Bo] AVE A4 A A& AA ¥ oF 75~80%
B AgRnm 9, E costil 30 Hu) A4
A5 70%014¢ Agate runnero]A P
lactate 7o) Aoj AT st FAE FaAde i
¢4 A2AAs} NEE Foddn dgs. 2R
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25 - speed /b MY W) AAkAA o] JAAoE
F7teke olw) A lactater} Hojxm=E 203y
speed 7} wHg =] v] EEH22 o8 FHJE I
+ dutx sgEl. zeiRa mky o] AgEe] 2T
3l A4 A5y 80%E AMgstd AHAE dud
o] B4 2417k 68, T0%E Ahgstel Asged 24
7k 118 =&E A 325 Foig 4 drh il
o] Bo] wielE Z2F 2z 15¢dld] FolsisEd F
<ro] 312.6meo]oof 3t&dl oW AWE4E 166/
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59 64%7 Lulste & "o, Zev A I F5)
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. o A 33 AQFA uitE A At
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ml/beat, BEolA 20. 11 ml/beat o] =} 7C F4l 4 [16. 03
ml/beat ]G vk. AFL o]} o] 0] Rut 22.5
ml/beat v §-5e] M 3E 24 383 ml/beat 8¢ W EL

olstgl Lk o] A& Au AEFSE FF2EH U5
Ford ¢ don wy AutESs deolAcky 13

FA 8 B ASE FEEA Foz4 AR I
¢ ZdAR & 9l¢ Aoz AEHH,

S FAEY AL EAFE AT AglA 58170
B BF Ao AE 4417458 AT AFAE 4
ol @F=le] 5561508l gekort BE Ak oR
o A9 x o] FAEL EF FAY §4 A5 6.37
wmyR e Y53 AL gholw 5 4B 449 10
~13 %6l vl mEA T F G FolAs. ALTA
speed &F Al 9l A= speed 7/} WLESFF AL

7b 2 e AA R speed B LT $ESE-
A7 gskvtm kg o,

Ed %5 58 ApMee AxwgdE A
gle] A= o] Frhete] Wl 42 H A4 2 4-(index of
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Buskirk @ Taylor”2 ] 4ke] Ocost®E o] 7] w] Folf
Aol grom % SEo] Astdvim sigvh. oFF
A R uFe] Abgul Tl o]wl GEFE B =R 4
3 gt At A6 e A43s] B EAdae]
=5o] gub, EFEAA Sste] T TR
energy 5 A 4%l mitochondria 7} gholA v o &) -

7] o Abel] FgF EArb FobE ] 225030 o] ) W 3l
A8 850 O, extraction o] 271514 Hok, a8 =

2 Z2E A48 FE AALE g Blo] T84
2oz of sl fatole 4% EAaate] LxH
o] glo] o]XL2® Augke] blood 7} FFiE 0, ext-
raction E§o] ZAFr}, o)A AR Wzt 5wl
2] AlE B Shorter & A We| B3 T L7%
24 ohE W F ulehE A48 FTY 5~10%2
HA ootz gepeh, A 13~15%24
12 32) o] &L 5™ wlwhE A4l 4 19
~20%4 o159 AAE W mlelE A5 49 20,8
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A9 Aol AT AHAA = BAF 4 gk d
b Fale Bahe] A uae s ol S5 m e
FRL B4 AN FEAY S YE AL
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A EAs Eetedd O, pulse § F/HAAk dhedl
w0 e) miebE FaAsh whebe F9A 1534 Y

AR} 750 Avkw AAW2 P4 Y speed &

A ok b x}fnsm

o]Ard AL EgtE B
2 Tr71’H =5 “‘5*"4
3 QA ol § Egdoe
s gadal AR S—F HA As AAT

weu 30 ANS4 En $FF 2%l =a
Fo|—3} Ab4 B shdo] WE speed Y550 7]
Fape) A8 L9le] ezt AR

v.g B
440 ad A4l EAS 53 (A D) A% A
7 9 mlebE A4 69 (BE) aFlx FRHA FAT

CH)e e 7% % A
S8 414 LEEHY AR HAAedATE
Shm 40km F5hA] AMESe WEHE P e
s e AEE °é°dﬂP
o9 FAWFL AT 13~15%0187
o =x ggagges S
13 sEe FAQuct 955 wod IFIATE

~ 6
(3, 000 m) Al 3%
5

Hem 44 AeARFE AT AFelA 3224;23’
B

ml/min o1gl BF A4l A 27814 ml/min o]l
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3. FRA W o] shy] Were] o R& dAedlE
== garels ggrod ¢4 A%EFFE AT R B
AL A W] ol 27 56133)/min B 64231/
mine}Qx CF AL 82593 /min ol g+t

4 Treadmill $24] £33 Zrtel v} 4371
‘%}34 ArdAFe AN E Frsg e TEET
Fol] e AdEad Frbel wel ASARFL =
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5 A AEEF —roM Ho AN FEE ATAFAA
196+33) /min, BEAFAAE 191+331/min'°1:r. C
FAFN A= 196+53ﬂ /min®) = ) W A4 AR
Z+7 84, 243. 3 ml/min/kg, 65 2+1. 1 ml/min/kg ‘;4
58 7+0. 4m1/m1n/kg olgl et &% & A4 FAH 2o
A%M 5.81+0.30 %, ‘BE xd_vrcﬂ |4 4.4140.2879
2 CF xi—roﬂfﬁh '3, 7440, 44 1 o191 =},

6. ‘" T }‘]HLE ] ;}_15_3__4 ""o“—br—‘ 10‘1‘01] A
%*ﬂ_“rq]/ﬁ 76.5%, BEAFNA 72.5%, CTAT
A 73.5%3% 380 #-¢ =HEh

7. 80 AFASFAA 40km F3HA S FE 242

: A (rbE) A%l A A
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1 A% ATFSY 9H—

423 25zgler olE8 FITEEL 243m/minolg
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7teg eH 40km 3314 energy & 1360. 2 Calory &
2age ol BY AdA¥Eoz & A mEE 3
Al ALFTE 16622 AL x5 o] EH LR 2
N7 158d Esh@ & ook

48 4A0= % S e ASE
A4 $EFEL S FEa} o) EgHoe ﬁ?l
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