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Oxygen Consumption at Different Treadmill Speed and
Grade in Athletes and Nonathletes

Jeong-Heui Choe, M.D.,** Hyeong-Jin Kim, M.D., Eun-Kyoung Yang, M.D.,
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Department of Physiology, School of Medicine, Kyungpook National University, Taegu, Korea

This study was aimed to elucidate the relationship between combinations of treadmill speed-
grade and oxygen consumption(Vo,).

Twenty athletic and 20 non-athletic male college students aged 19-24yr were employed to
exercise on a treadmill using 4 speeds(4.02, 5.47, 6.76 and 8.05km/h) and 5 grades(0, 8, 12,
16 and 20%). A fixed speed was selected for each session with the grade increased every 3 min.
The Vo,, heart rate, stride frequency and stride length were measured during the last min of
each 3-min stage.

Vo, increased linearly with increasing speed and grade showing significant multiple corre-
lations in nonathletes(Vo,=3.64x+0.831y+0.031xy - 7.03, R=0.98, P < 0.01) and athletes
(Vo,=3.48x+0.324y+0.112xy - 5.74, R=0.99, P < 0.01). Stride frequency and length tend-
ed to increase with increasing speed except for the transition from walking to running at 8.
05km/h at which the stride frequency ran up much higher with the stride length getting lower
than at 6.76km/h. Heart rate increased linearly with increasing Vo,. The rate of increase was
higher during walking than during running.

These results indicate that athletes have higher rate of increase in Vo, than nonathletes at
near-maximal exercise and may be used as a guideline in predicting maximum oxygen con-
sumption and in prescribing exercise intensity.

KEY WORDS : Heart rate - Multiple regression - Stride frequency.
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Table 1. Physical characteristics and sports career of athletic and non-athletic subjects

Age Height Weight HRmax Career
(yn) (cm) (kg) (beats / min) (yr)
Nonathletes(n=20) 218+1.0 1746 + 5.5 65.7 + 7.8 200.2 + 0.8
Athletes(n=20) 206 + 1.2 1769 + 4.2 704 + 4.7 201.2 + 0.9 8.05 + 2.89

Values are means + S.D.

HRmax=predicted maximum heart rate calculated as" : 217 - 0.77Age.
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Fig. 1.

Oxygen consumption(Vo,) during treadmill exercise at 4 speeds(x) and 5 grades(y) in non-athletes and athletes.

Vertical bars represent standard errors. Multiple regression equations derived among the variables are shown as
dashed lines. Five dotted symbols were excluded from the regression analysis because they deviated from the
linear relationship as Vo, reaching its maximum. The filled square represents data from 1 case. 'P < 0.05 vs.

next lower grade. *P < 0.05 vs. next lower speed.
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Fig. 2. Stride frequency during treadmill exercise at 4 speeds and 5 grades in non-athletes and athletes. Vertical bars
represent standard errors. The filled square and circle represent data from 2 cases and 1 case, respectively. *P
< 0.05 vs. next lower grade. *P < 0.05 vs. next lower speed.
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Fig. 3. Stride length during treadmill exercise at 4 speeds and 5 grades in non-athletes and athletes. Vertical bars
represent standard errors. The filled square and circle represent data from 2 cases and 1 case, respectively. P <
0.05 vs. next lower grade. "P < 0.05 vs. next lower speed
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Fig. 4. Heart rate during treadmill exercise at 4 speeds and 5 grades in non-athletes and athletes. Vertical bars
represent standard errors. The filled square and circle represent data from 3 cases and 1 case, respectively. ‘P
< 0.05 vs. next lower grade. "P < 0.05 vs. next lower speed.
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Fig. 5. Linear regression analysis between oxygen consumption(Vo,) and heart rate(HR) during treadmill exercise at 4
speeds and 5 grades in non-athletes and athletes. Vertical and horizontal bars represent standard errors. The
dotted lines were drawn among data for walking motion (at 6.76 km/h or slower). The dashed lines were
drawn for running motion (at 8.05 km/h). The filled symbols were excluded from the regression analysis be-

cause they deviated from the linear relationship.
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