Measurement of Anaerobic Power in Men and
Women with Excess Weight Experimentally
Equated
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ABSTRACT

To study the effect of excess body weight experimentally equated on Anaerobic power,
Anaerobic power by Margaria Power Test was measured in ten male and ten female students
under six conditions: (1)with normal body weight, (2)with weight equal to 10% of LBM, (3)
similarly 15% of LBM, (4) similarly 20% of LBM, (5) similarly 25% of LBM and (6) similarly
30% of LBM. According to adding weight, Mechanical Power (kgm/sec) for male increased
and Mechanical Power for female decreased. In any conditions, Anaerobic Power for male
was higher than that for female by about 10kcal/kg - h. Anaerobic Power similarly decreased
for male and female according to adding weight. This indicated that Anaerobic Power
decreased by the sex of the subjects regardless of adding weight. In conclusion, the result of
this study indicated there was sex difference on Anaerobic Power by Margaria Power Test.

At adolescence, body fat of girl increases remarkably. Generally, physical work capacity
for female falls at reaching adolescence. Cureton et al.(1980)® reported that excess body fat
influenced on performance of distance running and 12-min run. Previous studies have indicat-
ed that excess body weight influenced on aerobic exercise®??. Physical work contains aerobic
processes and anaerobic processes®. As for these two processes, Astrand et al. (1970)»
reported in their Textbook of Work Physiology, “During light work, the required energy may be
almost exclusively produced by aerobic processes, but during more severe work anaerobic
processes are brought into play as well. Anaerobic energy-yielding metabolic processes play
an increasingly greater role as the severity of the work loads increases.”

The effects of excess body weight on physical performance capacity have been studied by
Keys (1959)'®, Johnson et al. (1968)'%, Parizkova (1961)2®, and many other researchers up to now.
The relationship among body weight and physical activity has been systematically studied, for
example, in mature rats by Mayer et at.(1954)'” and adolescent girls by Bullen (1964)®.
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Including by Cureton et al. (1978, 1979%, 1980%9), many studies have reported significant, inverse
relationships between body fatness and distance running performance or related tests of
physical work capacity. In aerobic exercise the relationship between body fat and perfor-
mance has been studied a little. For anaerobic power, the methods of measurement have been
investigated and devised by Margaria et al. (1966)'5% Ikuta et al. (1972)!'Y, Nakatou (1980)*%,
and others. As mentioned above, there have been many studies on maximal Anaerobic Power
and body fat, but the relationship between these two parameters seemed to be studied not yet.
Now, does excess body fat influence on performance of anaerobic exercise”? The purpose of
this study is to study the effect of excess weight experimentally equated in men and women on
Anaerobic Power.

METHODS

Ten male and ten female students majoring physical education in Kanazawa University
served as subjects in the present study. The physical characteristics of the subjects were
showed in Table 1.

In order to estimate body density, according to Nagamine et al. (1964)®, skinfold thicknes-
ses were measured with a Harpenden caliper.

Body density (male)=1.0913—-0.0016 X (X+Y)

(female)=1.0897—0.00133 x (X +Y)
X ; Skinfolds of triceps(cm)
Y ; Skinfolds of subscapular (cm)

%Fat=(4.570x Body density —4.142) x 100

Fat (kg)=Body weight x %Fat/100

LBM(kg)=Body weight —Fat

The subjects were tested under six conditions ; (1)with normal weight, (2)with weigth equal
to 109% of LMB, (3)similarly 15% of LMB, (4)similarly 20% of LBM, (5) similarly 25% of LBM,
(6)similarly 30% of LBM. The addition of the external weight to the body were added with
weigth belts.

Anaerobic Power was measured according to Margaria Power test.(Figure 1)

Mechanical Power outputs were calculated from the formula ;

__WxD D

where MP=Mechanical Power (kgm/sec)
W =weight of person (kg)
D =Vertical height between 8th and 12th stair {(m)
t =Time from 8th to 12th stair (sec)

D/t=Vertical component‘of the speed (m/sec)
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Table 1. Physical characteristics of each subject.

. Height Weight Age Skinfolds

Subj (cm) (kg) (yrs) Team (cm)
male
F.U. 176.5 81.5 21 Volleyball 1.30
T.D. 166.0 61.0 22 Soccer 73
M.K. 1775 64.5 22 Basketball .63
T.N. 168.0 54.5 22 Handball 67

Y.L 168.0 63.0 22 Swimming 98
HF. 165.0 60.0 22 Basketball 85
S.K. 170.8 60.0 22 Volleyball 68
T.O. 1745 61.0 22 Table tennis a7
S.K. 167.0 66.0 23 Handball .88
M.F. 175.0 81.0 21 Kendo 1.35

M 170.8 62.3 — — .88
S.D. 4.4 8.5 — — .24

Female

Y K. 162.0 65.0 22 Volleyball 1.86
C.U. 156.0 46.0 22 Dance 1.09
N.K. 161.8 57.0 22 Basketball 1.59
AF. 160.2 53.0 22 Basketball 1.12
N.K. 156.0 50.0 20 Volleyball 1.13
N.S. 167.0 51.0 21 Tennis .96
Y.T. 160.0 52.0 22 Volleyball 99
AO. 156.5 52.0 21 Tennis 1.19
H.T. 165.0 55.0 22 Volleyball 1.46
K.O. 165.0 55.0 22 Dance 1.55

M 160.7 53.6 — — 1.29

S.D. 3.8 4.8 — — .29

Anaerobic Power outputs were calculated from the formula : S s
Ny
AP=NT 234760 x 604 x0.001
Bth Step Gertical rst
. Switc ical Distance
where AP = Anaerobic Power (Kcal/kg-h) Veight Belt w2 T

lkgm/sec=2.347kcal/sec
Mechanical efficiency=0.25'*

<«—2m

Starting
Position

Digitimer
0.001sec

Fig. 1 Margaria Power Test
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RESULT

Plots of the individual values for the vertical compoment of the speed (m/sec) under the six
added weight (kg) conditions were presented in Figure 2. Addition of weight to the both sexes
significantly decreased the mean values for vertical component of the speed. At no addition
and 30% of LBM weight, the difference between M and vertical component of the speed was
significant both sexes. (P<0.001). In female, the speeds were decreased largely than in male.
Table 2 showed the relationship between % of LBM and Mechanical Power. Mechanical
Power of females showed a tendency to be constant for all six conditions. (The values were
about 76kgm/sec.) In fact, Mechanical Power of male decreased gradually as the added weight
was increased. Anaerobic Power of both sexes were presented in Table 3 for all measurments
that were taken. Figure 3 showed the reduction in Anaerobic Power on added weigth of % of
LBM. In Anaerobic Power, a superior female and an inferior male were taken out. Figure
4 showed the changes of their Mechanical Power and Anaerobic Power on the % of LBM.

Table 2. Mechanical power of each subject in condition 1, II, IIl, IV, V and

V1.
Subject Mechanical power
(kgm/sec)

Male I I il v \Y% Vi

F.U. 134.92 135.83 139.95 144.71 141.26 144.68
T.D. 123.00 118.25 118.76 114.63 118.53 117.56
MK. 106.30 107.49 110.53 105.82 108.18 110.65
T.N. 97.89 97.41 94.64 97.15 100.37 100.41
Y.L 117.73 110.74 114.81 116.74 116.74 121.31
HF. 102.07 104.33 104.46 104.00 107.53 107.16
SK. 105.46 103.11 98.47 103.51 104.48 109.23
T.O. 92.50 93.01 94.78 95.10 98.49 99.33
SK. 110.25 109.18 112.64 110.27 113.83 112.59
M.F. 126.46 122.17 116.14 120.15 123.94 119.84
M 111.66 110.15 110.52 111.21 113.34 114.28
S.D. 12.82 11.91 12.92 13.58 12.08 12.34

Female I 11 11 v \Y VI

Y XK. 93.95 92.29 94.45 90.58 87.67 86.17
C.U. 64.17 63.17 56.92 57.89 58.23 58.47
N.K. 80.96 76.07 79.28 74.82 77.35 78.63
AF. 80.04 75.65 77.79 77.50 79.33 77.21
N.K. 64.80 66.24 62.57 64.61 61.74 62.00
N.S. 72.44 75.59 76.92 78.87 79.28 80.30
Y.T. 83.47 80.19 77.29 76.31 77.02 74.23
A.O. 76.81 74.27 72.70 69.44 69.86 72.40
H.T. 77.08 76.98 76.57 77.23 79.66 79.31
K.O. 82.06 78.10 82.92 81.04 82.56 79.06
M 77.58 75.86 75.74 74.87 75.27 74.78
S.D. 8.40 7.42 9.80 8.61 8.77 8.09
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Table 3. Anaerobic power (kcal/kg - h) of each subject in condition I, II,

oI, v, v, VL.
. Anaerobic power

Subj (Kcal/kg-h)

Male I 11 il v \% VI
F.U. 55.79 53.98 53.17 52.72 49.38 48.61
T.D. 65.17 62.66 60.09 55.67 55.17 52.61
MK. 55.54 53.75 52.83 48.52 47.59 46.79
T.N. 60.53 57.59 53.52 52.72 52.28 50.28
Y.L 62.97 57.33 57.07 55.88 53.75 53.86
HF. 57.33 56.17 53.75 51.31 50.89 48.80
SK. 59.25 55.42 50.58 51.00 49.38 49.68
S.0. 51.00 49.28 47.96 46.18 45,84 44.45
SK. 56.29 53.40 52.72 49.48 48.99 46.61
M.F. 52.61 48.90 44.38 44.06 43.60 40.55
M 57.65 54.85 52.61 50.95 49.69 48.22
S.D. 4.19 3.84 415 3.63 3.34 3.68

Female I II 11 v \Y VI

Y.K. 48.71 46.35 45.34 40.01 38.72 36.62
C.U. 46.01 43.58 37.61 36.67 35.42 34.21
N.K. 47.87 43.52 41.63 59.27 38.91 38.07
APF. 50.89 46.44 45.67 43.83 42.78 40.09
N.K. 43.67 42.85 38.90 38.13 35.32 34.07
N.S. 47.87 48.80 46.88 45,59 44 45 43.30
Y.T. 54.10 49.68 46.18 43.30 42.34 39.27
AO. 49.78 46.18 43.83 39.37 38.72 38.60
H.T. 47.23 45.59 43.37 4191 41.49 39.77
K.O. 50.28 46.01 46.96 43.90 43.07 39.65
M 48.66 45.70 43.60 41.20 40.12 38.37
S.D. 2.72 2.07 3.13 2.77 3.03 2.77

About a male subject M.F. and a female subject Y. T., their mean values of Anaerobic power
were 45.7+3.94 (mean+SD) kcal/kg-h (M.F.) and 45.8+4.91kcal/kg-h(Y.T.), respectively.
Their difference of values were not significant.(p>0.1) On the other hand, their mean of
mechanical power were 121.5+3.27(mean +SD) kgm/sec(M.F.) and 78.1+2.98kgm/sec (Y.T.),
respectively. Their difference were significant. (p<0.001) The relationship between Anaer-
obic Power and body weight was presented in Figure 5. About the both sexes, no correlation
existed. (male:r=0.456, n=10, 0.1<P<0.2 ; female: r=0.203, n=10, 0.2<P<0.3).

DISCUSSION
Nakatoh et al. (1980)'® reported that the Anaerobic Power of bicycle ergometer method
was almost similar to the Anaerobic Power of Margaria Power Test and that these two powers
were corrected. Moreover, Ikuta et al.  (1972)!? reported that the Anaerobic Power of bicycle
ergometer method and the power of 50m sprint test correlated each other. Ikuta et al. (1972)'®
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reported that the sprinter who could endure to a large weight had the advantage of displaying
high Anaerobic Power. Anaerobic Power at normalweight for female was almost the same as
the Anaerobic Power for male at adding weight 30% of LBM, that was about 17.8kg. There
was no sex difference in the degree of decreasing Anaerobic Power. This shows that if man
gained excess fat weight, Anaerobic Power decreased for male in the same ratio of decreasing
for female. Anaerobic Power for male were higher than that for female, it caused that there
were the difference of quantity, quality and content of LBM in the both sexes.

In conclusion, results of this study indicated that Anaerobic Power for male might be
higher than that for female by about 10kcal/kg-h, even if the additional sex-specific, essential
fat of women is eliminated by diet or training. If man gained excess fat weight, Anaerobic
Power decreased for male in the same ratio of decreasing for female.
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