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Cardiopulmonary Response to Maximal Exercise Loading in
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Background : Although maximal exercise stress tests are widely used in the athletic and med-
ical fields, studies on professional soccer players are few. The purpose of our study is to observe
the cardiopulmonary response to maximal exercise loading and the AT in professional soccer
players.

Methods : Maximal exercise stress tests were carried out by a ramp protocol using a treadmill
on 20 professional soccer players with a mean age of 25.2 years and with over 10 career years.
The tests were also done on 21 college students majoring in physical education with a mean
age of 19.4 years, which served as the control group. The AT was determined by the V-slope
method. . .

Results : In the players, the VO, max, VCO, max and O, pulse max were significantly larger
than those in the control group, and the HR max was smaller for their ages. The Vi max, Vy
max and RR max showed not much difference between the 2' groups but the Vi max/ VO,
max and Vi max/ VCO, max were significantly lower in the players. The AT was larger in the
players but the AT/ VO, max was essentially similar to that of the control group.
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Conclusion : Our study reveals that the professonal soccer players, despite their mean ages
were approximately 6 years older than the subjects in the control group, had larger VO, max
and VCO, max, and smaller HR max for their ages. The Vi max was similar in both groups.
This suggests that the players have higher aerobic capacity than the control group and ex-

change respiratiory gases more efliciently.

KEY WORDS : Professional soccer player - Maximal exersice test.
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Table 1. Physical characteristics of study subjects
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Table 2. Ramp protocol used in our study

Control (n=21)  Soccer player (n=20)

Stage Speed (mph)* Grade (%) MET's
1 2.0 11.0 5.5
2 2.2 12.5 6.4
3 2.5 135 7.5
4 2.7 15.0 8.6
5 29 16.0 9.6
6 3.1 17.0 10.6
7 3.3 18.0 11.7
8 35 19.0 12.8
9 3.7 19.5 13.7

10 39 20.5 14.6
11 4.3 21.5 156
12 4.6 23.0 16.6
13 4.9 24.5 17.5
14 54 25.0 18.5
15 5.7 25.0 19.5

Age (yn) 19.4 +1.24 25.2 +£2.81**
Height (cm) 1744 +4.26 175.0 £3.47
Weight (kg) 67.5 +£4.20 70.1 £4.71
BSA (m?) 1.81+£0.071 1.85+0.075
Values are mean+SD. ek <0.001

Each stage time is one minute and MET's are estimated.
*mph : mile per hour
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Fig. 1. An example of anaerobic threshold determined by
computerized V-slope method in a 19-year-old
man.

Table 3. Heart rate(HR) and oxygen uptake(\./Oz) with its
derivatives at maximal exercise

Control Soccer player
(n=21) (n=20)
HR max (beat/min) 1946 +7.76 182.1 +7.20%*
\./OZ max(mi/kg/min)  60.94£4.903  64.54+4.928*
MET's 174 +1.40 184 +1.41*
O, pulse max(mi/beat) 20.8912.258  24.50+1.660%**

Values are mean+SD. MET's : metabolic equivalents
*: <005 #* - 0.001

Table 4. Respiratory gas exchange and respiratory ex-
change ratio(RER) at Maximal exercise

Control(n=21) Soccer player(n=20)
VO, max(L/min) 40540382  4.46+0.348%
VCO, max(L/min) ~ 4.68+0.432  5.28+0.574**
RER max 1.16+0.056 1.18+0.066
Values are mean+SD w0 Z0.01

Table 5. Ventilatory variables at maximal exercise

Controlin=21) Soccer player(n=20)

RR max(per min)  51.3 + 5.05 498 + 5.13
Vr max(l) 3.09+ 0449 325+ 0365
\'/E max(L/min) 157.07+17.431  160.99+15.579
V; maxNO2 max 389 + 3.66 36.2 + 3.27*
Ve max/VCO, max ~ 33.4 + 3.41 308 + 3.21*

Values are mean+SD RR : respiratory rate

V; : tidal volume V¢ : minute ventilation *: < 0.05
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Table 6. Anaerobic threshold(AT) and its derivatives

Control(n=19)  Soccer player(n=20)
AT(L/min) 236+ 0.794 293+ 0.663*
AT(mL/kg/min) 349 +11.41 419 + 9.37*
ATNO) max(%) 57.9 +17.51 65.8 +14.94
Values are mean+SD *: <0.05

p <0.01).
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