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Comparing Cardiopulmonary Functions of National Race Walkers by Walking and
Running during Graded Exercise Testing

Bong-Ju Sung! PhD, Min-Ho Lee? MS, Kwang-Kyu Lee’ PhD

"Department of Sports Science, Korea Institute of Sport Science, Seoul; 2Department of Sports Performance, Gyeonggido Association of Athletics Federations,
Suwon; *Department of Sports Rehabilitation, Chungcheong University, Cheongju, Korea

PURPOSE: This study aimed to identify a sport-specific assessment for elite race-walking athletes by comparing physiological responses
between walking and running graded exercise test (GXT) protocols.

METHODS: Six elite race-walking athletes completed both walking and running protocols in a randomized crossover design with 1
week interval between trials. Maximal oxygen consumption (VO,max), ventilation (VE), and heart rate (HR) were measured through-
out and after each trial, and blood lactate levels were collected during the recovery period.

RESULTS: There were significant differences in VO,max, VE, and HR values between the walking and running protocols (p <.001). Dur-
ing the recovery period, VO.max, VE, HR, and blood lactate levels were significantly different in each measurement (p <.001); however,
there was no difference between the walking and running protocols.

CONCLUSIONS: Based on these results, both the walking and running GXT protocols were inappropriate for assessing elite race-
walking athletes. This study suggests that a supplement GXT protocol is required to specifically assess elite race-walking athletes.

Key words: Graded exercise test, Race walker, Phygiological factor

N2 FAIIE 722 A% A 8 L2 09 F4o] o] A1 glck o)
ATATR S AR A4 AR F T4 S5 SUT 5 Yk

AEE I A TR Y W AR AP MEHE  5US WS WO R Ao|3 EL EdEUS o §3 25}
AP 93 chF L AN Qon, ol FH SHN % FAHGraded Exercise Test, GXT)7H X531 QIeHs]. 45525
LA 5 D UEOE FAS ARE BEHT CHI oleitt  HAME HE FSh AL B LB RO R §5 4 B
22 o] JeR o|Rolx| 1 glom YEHOR A& £F 5 AHS YFoH] IREPHOER 5] A WYL Kbk ojksheid
22 A 913 AT TERA, T Zo] Mato] 2 FUL Brh S BAjsto] A thAbE QIS WEHE VA 913t 5ol
she Hjzelfs el A A% 2 Ae] oA B2 wlmskis A cHl Bares & Kilding (1012 & 5531 A4S0 Hhaban

Corresponding author: Kwang-Kyu Lee Tel +82-43-230-2403 Fax +82-43-230-2409 E-mail kwangkyu78@hanmail.net
Keywords ZSF5IHAL ZE M4, A2 |sP #Hol
Received 11 May 2022 Revised 12 Jul 2022  Accepted 3 Aug 2022

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecornmons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.

- 328 Copyright © 2022 Korean Society of Exercise Physiology



https://doi.org/10.15857/ksep.2022.00206

EXERC SCI

Table 1. Subject characteristics

EXERCISE SCIENCE 2R2%

Variables Age (yr) Career (yr)

Height (cm)

Weight (kg) SMM (kg) Fat (%)

Mean+SD 24.8+5.08 10.5+4.86

177.1+£4.03

64.9+5.55 50.8+2.78 10.3+4.68

SMM, skeletal muscle mass.
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Pre-test Warm-up ) Intervention . Cool-down
(randomized cross-over design)
«Weight ‘ Stretching & Light ‘ + Running protocol ‘ Stretching & Light
« Height jogging +Walking race protocol jogging
« Body composition (10-15 min) +VO,, Heart rate, Ventilation (10-15 min)
Fig. 1. Study process.
- Start - - Intensity & volume - - Finish -
Grade 6%, speed 5.4 km/hr g T 2 vinute == All-out or RPE 19-20
KISS protocol (run) 1.2 km/hr =
[ Mg Grade 6%, speed 5.4 km/hr - T 2 minute = All-out or RPE 19-20 or run
KISS protocol (walk) 1.2 km/hr =

Fig. 2. Test process.
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Table 2. Test record & Reason for ceasing (Mean+SD)

Record (sec) RC
Sort
Run Walking Run Walking

A 1,160 878 AO AO

B 1,243 997 AO AO
C 1,290 1,075 AO FOG
D 1,235 913 AO AO

E 1,230 927 AO AO

F 1,197 961 AO AO
Average 1,226+40.16 959+64.04 - -

A-F, subjects; RC, reason for ceasing; AQ, all-out; FOG, feet off the ground.

measures ANOVA)-S AA8F3] 00, AR HA-2- polynomial HAME &
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Table 3. The comparison of VO,, VE, HR during each graded exercise test between run and walking

Tests
Variable Int
Pre 3 min 5min 7 min 9 min 11 min 13 min 15 min 17 min
VO, Run 6.53+0.92 7.19+1.39 241+1.23 30.8+3.42 364+395 4159+146 4567+153 5031+£1.13 54.99+1.35

Walking 547+170  932+3.63 2227+273  30.1+207 37.0+255 4458+166 5064+161 5803+1.64 63.28+3.08
Z(p) -0.722(0.485) -1.441(0.180) -1.281(0.240) -0.480(0.699) -0.480 (0.699) -2.562(0.009) -2.882(0.002) -2.882(0.002) -2.882(0.002)
VE Run 123+261 164+£294  342+566  462+400 59.7+886  713+12.1 783+11.1 856+133 91.2+186
Walking  11.5£2.98 18.6+5.31 31.8+528 46.1+768  588%7.13 737%+9.10 895+993 1141x116 1420167
Z(p) -0.401 (0.669) -1.363(0.180) -0.961 (0.394) -0.321(0.818) -0.320(0.818) -0.561(0.589) -1.601(0.132) -2.722(0.004) -2.882 (0.002)
HR Run 60.0+7.77  728+875  93.0£996 1047+120 119.0+£130 1303+159 141.8+148 1530+149 1625+139
Walking  58.8+10.1 80.0+170 942+126 107.8+13.1 1245+150 1393+169 157.0+154 169.2+13.2 1775+10.7
Z(p) -0.320(0.818) -0.402(0.699) -0.321(0.818) -0.722(0.485) -0.884(0.394) -0.961(0.394) -1.601(0.132) -1.761(0.093) -1.922 (0.065)

Int, Intervention; VE, ventilation; HR, heart rate.
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Fig. 3. The comparison of change rate of VO.. Significant increase over time Fig. 4. The comparison of change rate of VE. Significant increase over time

for all trials (p<.01). for all trials (p<.01).
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Table 4. The comparison of VO,, VE, HR after each graded exercise test between run and walking

Tests
Variable Int
All-out (A) 1 min (B) 2min (C) 3 min (D) 4 min (E) 5 min (F)
VO, Run 62.8+4.45 25.1+6.75 15.6+1.57 11.2+234 11.5+£1.20 9.6+1.50
Walking 61.1+5.94 23.4+3.59 142+2.03 120+2.39 11.7+0.57 10.2+1.59
Z(p) 0.000 (1.000) -0.962 (0.394) -1.121 (0.310) -1.121(0.310) -0.320(0.818) -0.321(0.818)
VE Run 143.5+41.54 76.0+21.14 524+933 36.6+10.19 37.7+5.44 293+8.18
Walking 146.3+£24.66 75.8+14.00 47.1+£9.32 39.1+7.38 393+7.24 352+7.59
Z(p) -0.160 (0.937) 0.000 (1.000) -1.043(0.310) -0.480 (0.699) -0.480 (0.699) -1.363 (0.180)
HR Run 180.0+£21.34 138.5+£23.72 113.7+£11.43 98.8+10.76 97.2+7.31 933+8.96
Walking 176.5+13.34 139.7+£18.32 113.8+1242 101.7£13.52 99.7+11.52 96.8+11.37
Z(p) -0.643 (0.589) -0.241(0.818) -0.160 (0.937) -0.402 (0.699) -0.321(0.818) -0.563 (0.589)
Int, Intervention; VE, ventilation; HR, heart rate.
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Recovery time (min)

Fig. 6. The comparison of the recovery rate of VO.max. Upper case: The
rate of change in KISS walking protocol (p<.01), Lower case: The rate of
change in KISS run protocol (p<.01).

Recovery time (min)

Fig. 7. The comparison of the recovery rate of VE. Upper case: The rate of
change in KISS walking protocol (p<.01), Lower case: The rate of change in
KISS run protocol (p<.01).
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Fig. 8. The comparison of the recovery rate of HR. Upper case: The rate of
change in KISS walking protocol (p<.01), Lower case: The rate of change in
KISS run protocol (p<.01).
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Table 5. The comparison of Lactic acid after each graded exercise test between run and walking

. Tests 15min 30 min
Variable Int 0, 0
Rest All-out (A,a) 3 min (B,b) 5 min (C,c) 15 min (D,d) 30 min (Ee) RR(%)  RR(%)
Lactate Run 2.28+0.33 13.05+2.08 13.12+2.84 13.81+3.54 10.23+257 7.54+1.37 26 51
Walking 2.05+049 11.77+1.57 11.25+1.48 12.55+2.98 890+1.76 6.29+1.73 30 56
Z(p) -1.203 (0.240) -1.043(0.310) -1.922 (0.065) -0.801 (0.485) -1.601 (0.132) -1.441 (0.180)

Int, Intervention; RR, recovery rate, recovery rate={(15 min or 30 min—rest)/(Allout-rest)—1}x 100.
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