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A study on changes in heart rate and running distance and speed during a soccer match
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Summary

Introductions and Objectives

Trained endurance athletes have excellent cardiopulmonary function. The relationship
between oxygen intake and heart rate is oxygen uptake = cardiac output X arteriovenous
oxygen content difference = heart rate X stroke volume X arteriovenous oxygen content
difference. As exercise intensity increases, oxygen uptake needs to increase, and as a
result, heart rate is thought to increase according to the above relationship. It has been
reported that when running at the same speed, energy consumption and oxygen uptake
are roughly the same, although this depends on body weight. It has been reported that
when simply running, such as on a treadmill or in an Ekiden race, heart rate increases
linearly with speed. On the other hand, soccer players run about 11 to 13 km during a 90-
minute match, but because they also perform other actions besides running, such as
physical collisions while defending, kicking, shooting, and heading, their heart rate
may not increase linearly with their running speed. Furthermore, when running, they do
not run at a constant speed, but randomly move at various speeds such as sprinting and
jogging. Therefore, because it involves movements other than running, it is expected
that more energy will be used than when simply running at a constant speed, and it is
possible that the athlete's heart rate may not increase in a linear manner. The purpose of
this study was to measure the total distance traveled, running speed, and heart rate of
soccer players during a match, and to examine the relationship between average running
speed and average heart rate.

Methods

Ten male university soccer players (FW; 4men, MF; 4men, DF; 2men) belonging to the
Kanto League were enrolled in this study. Their total distance traveled, travel speed,
maximum heart rate, average heart rate, minimum heart rate, etc. were measured
using the GPS tracking system INSPIRIT during practice matches against another
university. Because the players' playing times differed, the distance traveled was divided by

the number of hours played to determine the distance traveled per hour.



Results

The average movement speed for all athletes was 5.67 = 1.66 km/h, with a maximum speed
of 28.11 % 1.85 km/h. The mean heart rate was 147.4+=14.3 bpm, the maximum heart rate
was 180.7 8.0 bpm, and the minimum heart rate was 88.9%29.4 bpm. When calculating
the distance traveled per hour, the result was 1.07 * 0.45 km when traveling at a speed of
15 km/h or more. The average distance traveled at 0 to 15 km/h was 4.66 * 1.20 km, at 15
to 20 km/h it was 0.72 % 0.30 km, at 20 to 25 km/h it was 0.29 £ 0.14 km, at 25 to 30 km/h
it was 0.08 = 0.05 km, and at over 30 km/h it was 0.002 £ 0.005 km. The distance traveled
at a speed of 0-15 km/h was the longest. The number of sprints at speeds above 25 km/h
was 5.9 * 3.5 per hour. A significant positive correlation was observed between average
movement speed and average heart rate (r=0.739, p=0.015). By position, the average
movement speed was FW; 6.34 =1.44km/h, MF; 5.40 =1.61km/h, DF; 4.90 =1.67km/h.
Maximum speeds were FW; 29.45+1.08, MF; 28.22£1.09, DF; 25.23+0.65 km/h. The
average heart rates were FW; 156.9£15.6, MF; 136.5£5.6, and DF; 150.1£7.2 bpm.
Conclusions

It was revealed that athletes with faster average movement speeds had higher

average heart rates during a soccer match. It was thought that a faster average

moving speed would indicate a higher exercise intensity, which would increase the

need for oxygen and would lead to a higher heart rate.



