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The effects of circuit weight training on VO:max and body
composition of trained and untrained college men

Yasuo KIMURA, Hidesaburo ITOW and Shoichi YAMAZAKI*

Department of Exercise Physiology, School of Education, Waseda University,
1-6-1, Nishi-waseda, Shinjuku-ku, Tokyo, 160, and *Department of Hygiene,
National Defense Medical College, 3-2, Namiki, Tokorozawa-shi, Saitamaken,
359 :

It is well known that weight training has developed muscular strength and endurance.
But such training programs have been shown to be negligible on cardiorespiratory (CR)
fitness. In contrast, circuit training has been indentified as an excellent form of exercise
to improve CR endurance, but effects on muscular strength and body composition do not
come up to expectations.

By placing weight training in a circuit training format, a relatively new concept
called circuit weight training (CWT) based on heart rate has been introduced by P. O’
Shea in 19767, It is thought that such a program may develop both muscular strength
and CR endurance as well as improve body composition. The purposes of this study were
to evaluate the effects of the CWT program using a new work-to-rest ratio on CR function
and body composition, and to compare physically trained males with untrained ones, all
university students.

Medical history and informed consent were obtained from 14 volunteers. The Mean+
SD age, weight and height of the trained group (TG, n=7) are 19.7+0.76 yrs, 57.5£3.49
kg, 170.4-+4.65cm ; and for the untrained group (UG, n= 7), these are 18.9+0.69 yrs, 59.3+
329 kg, 170.1+5.75 cm, respectively. The circuit program consists of 8 exercises : Bench
Press, Pull-Over, Sit-Up, Bent-Over Row, Curl, Dead Lift, Upright Row and Squat on a
Build Up Machine 430 (Tazaki). Subjects performed 3 circuits using a work-to-rest ratio
of 45 seconds to 15 seconds (3 : 1), and trained 24-min sessioné, 3 days/week, for 8 weeks
at 40~50 % of one-repetition maximum. The number of repetitions per set was gradually
increased from 15 to 20 during the 8 weeks and the work cadence was controlled by
a metronome.

Maximal aerobic power (V02max) was determined with the Douglas bag method. The
volume of expired air was measured with a Shinagawa WT-5 gas meter, and expired gas
samples were analyzed for O, and CO, on a Fukuda Respilyzer BM-10. Maximal work
was performed on a Monark bicycle ergometer (pedal rate 50 rpm) by progressive workload.
Heart rate was recorded electrocardiographically. Body composition analysis included the
measurement of skinfold thickness. Skinfold thickness at the triceps and sub-scapula were
measured using an Eiken caliper, and percentage of fat was calculated according to Brozek
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et al. The Cooper 12-min-run was administered on an outdoor track. These measurements
were assessed twice, both at the begining and at the conclusion of the training period.
Differences between means of the pre- and post-training analyzed by use of a t-test for

correlated samples.
The effects of the CWT are shown in Table 1. The VO,max for the TG increased

Table 1, Changes in cardiorespiratory function and body composition
through circuit weight training.

Before Training  After Training M. D@

Variables X + SD X + SD 49
Trained (n=7)
VO,max (ml/kgemin) 488 £ 6.58 507 £ 7.69 + 39
HRmax (beats/min) 1913 & 697 1914 + 4.24 + 0.1
VEmax (STPD, 1/min) 87.7 + 11.34 949 + 15.20 + 82
Exhaustive time (min, sec) 1349”5 + 58”3 14'39"3 + 1'07"0 +10.6
12-min-run (m) 28923 + 195.14 2977.0 + 183.94 + 2.9%
Body fat (%) 136 + 1245 121+ 082 —11.0
Lean weight (kg) 496 = 215 520 £ 267 + 4.8%*
Untrained (n=7)
VO,max (ml/kgemin) 419+ 399 447+ 794 + 6.7%
HRmax (beats/min) 1954 + 11.43 1914 + 844 — 2.0
VEmax (STPD, 1/min) 776 + 1238 85.3 + 15.50 + 9.9
Exhaustion time (min, sec) 1215”7 & 59”7 1405”2 + 1'06"3 +14.9%**
12-min-run (m) 23993 + 9512 26579 + 85.82 +10.8%**
Body fat (%) 140 + 348 119+ 124 —15.0
Lean weight (kg) 509 + 3.27 525+ 280 + 3.0

a) Mean Difference, * . p<{.05, #* ; p<{.01, **+ : p<.001
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Fig. 1. Heart rates during work and rest periods in circuit weight training.
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1.9 ml/kgemin or 3.9 % (nonsignificant), and for the UG it increased 2.8 ml/kgemin or 6.7%
(significant). The reason for this difference in training response may be that the UG was
working at a greater percentage of their HRmax (Fig. 1) ; also it is possible that the TG’'s
threshold training level required to increase VO,max would have been higher because
their initial VOzmax was 16.5 % higher than the UG's. Therefore, the TG might not have
been training at a sufficient level of intensity to maximize gains in the VO,max. The
aerobic changes in the present study compare favorably with other studies using this
type of training?®#%, Allen et al.?’ found no increase in the VOzmax, regardless of heart
rate ranging between 138 (recovery) to 186 (third set of work), for subjects who participated
in 12 weeks of high-resistance and low-repetition CWT consisting of 30 seconds of work
period followed by 60 seconds of recovery. They concluded that one-minute rest periods
were too long and allowed too much recovery. Wilmore et al.®’ reported no improvement
in VOzmax for men with 10 weeks of CWT. Their subjects worked as many repetitions as
possible in 30 seconds and rested for 15 seconds. Gettman et al.*® found a small but
significant increase (3.0~3.5%) in VOzmax with 20~24 weeks of CWT. These changes in
Vogmax modest when compared to changes found in running programs (15~20% increase).

In the case of intermittent exercise, near maximal work might not produce substantial
CR adaptation due to a lower stroke volume during the work. The heavier the work load,
the more important is the anaerobic energy contribution. Furthermore, the longer rest period
produced a significantlly lower VO2 and HR during work as well as during rest compared
with the shorter periods. It is positive that the critical factor of improvement in VO,max
depends on the length of the work periods. According to Astrand & Rodahl?, the duration
and spacing of work and rest periods are rather critical with respect to the peak load on the
CR system. Since intensity and frequency of the training in the present study were
similar to other studies, our new work-to-rest ratio of 3 : 1 is more effective than others.
The increase in VEmax further supports the enhancement of CR functioning during the
CWT. HRmax did not change, but the distance for the 12-min-run increased significantly
in both groups, 2.9 % for the TG and 108 % for the UG. Improvements of performance
time on a bicycle ergometer increased for the TG by 10.6 % (nonsingnificant), and for the
UG by 14.9% (significant). These results were similar to those observed by other studies®*%.

Total body weight and percentage of body fat are generally reduced with endurance
training programs, and lean body weight (LBW) remains constant or increases slightly.
The significant changes in body composition were similar to other studies®*®. Wilmore
et al.® demonstrated a 1.7 kg increment in LBW and a 1.1 kg reduction (nonsignificant)
in fat weight. Gettman et al®. showed an increase of 1.8 kg in LBW and a decrease of
1.3 kg in fat weight. Gettman et al.® reported a 1.0 kg improvement in LBW and 0.7 kg
reduction in fat weight. The present study shows that both the TG and the UG significantly
increase in LBW (2.4 kg and 1.6 kg, respectively) and decrease in fat weight (0.8 kg and
0.7 kg, respectively) thus not to a statistically significant degree. According to Wilmore et
al.®, the energy costs for CWT were high enough (9.0 Kcalemin) to substantiate these findings.
High energy cost activities mobilize stored fat and lead to the overall reduction of fat weight.
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Traditional weight training (high-resistance and low-repetition) does not increase

VO,max. As mentioned above, CWT can be designed to elicit moderate increases in
aerobic capacity, and can be used as a body composition control program. It was concluded
that the present CWT program was most specific in improving CR fitness and changing

body composition.
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