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Weight reduction in young female sport athletes

Shukoh HAGA, Mitsuo MATSUDA, Susumu KOSEKI, Takaaki ASAMI,
Yuzo FUKUHARA, Ryuhei KOJIMA and Etsuo UEYA

To understand how the weight reduction of female sport athletes affects their physical fitness, its
influence over their maximal oxygen uptake and cardiac output was studied as well as its influence
over the biochemical characteristics of their blood. The female sports athletes from volleyball clubs
and track and field clubs volunteered to be the subjects of this study. The weight reduction was
continued for 10 days by reducing diet or limiting their calorie intake (1500kcal/day), and by sweating
or consuming calorie by exercise (900~1000kcal/day).

The results were as follows : The weight decreased significantly by 7.4%, from 65.6kg to 60.7kg.
The set goal was completely attained. A significant decrease in total body fat was equally observed
among the subjects, from 21.6% of weight to 19.0%. A marked decrease in lean body mass was
detected from 51.3kg to 49.2kg (4.1%). There was a significant increase in free fatty acid level after
their weight reduction.

The measurement of their physical fitness revealed that there was a significant reduction in
stepping on the both sides, but no changes in other items. Their physical endurance was surveyed from
the viewpoint of exhaustion time using an ergometer. The mean value decreased, but there was no
statistically significant difference. Therefore, it is assumed that the physical fitness will not be
affected greatly. :

The maximal oxygen uptake values before and after their weight reduction were 2.62 1/min, 40.
11/kg min and 2.56 1/min, 42.3 1/kg min; respectively. No changes were observed in both cases. These
result show that the aerobic work capacity as an index for physical endurance cannot be affected.

The maximal cardiac output and maximal stroke volume, both the main factors of maximal
oxygen uptake, significantly reduced by 11.7% (p<0.001) and 11.8% (p<0.001), respectively. This
result shows that their cardiovascular functions may be affected greatly. Presumably, this occurred
because the blood was concentrated due to sweating and dehydration, consequently the circulating
blood volume reduced, whereby the venous return reduced as well. On the other hand, the a-%0, diff.
increased significantly (p<0.001) to make up this reduction and the maximal oxygen uptake could be
kept at the same level as that before the weight reduction.
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From the above mentioned, the weight reduction by 7% will not bring the female sport athletes any
serious decrease in physical fitness. Whereas it may reduce their lean body mass and affect their

cardiovascular function.

Key words ; Female sport athletes, Weight reduction, Body composition, Maximal oxygen uptake,

Cardiovascular function, Physical fitness
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Fig. 1 The change of body weight during weight reduction period
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Table 1 Physical characteristics of subjects and changes of body composition before and after weight
reduction
Age Height Body weight BMI T. B. F. T.B.F. L.B. M.
(yrs)  (cm) (kg) (kg/m?) (%) (kg) (kg)
Subj. pre post A% pre post pre post A% pre post pre  post
K. S. 20 160 57.90 54.45 5.96 22.6 21.3 19.47 18.11 7.0 11.27 9.86 46.63 44.59
F. Al 20 161 68.75 62.65 8.87 26.9 24.4 21.95 19.20 12.5 15.09 12.03 53.66 50.62
F. U. 21 159 62.40 57.45 7.93 24.7 22.7 17.29 16.21 6.2 10.79 9.31 51.61 48.14
A. K. 21 164 58.85 53.20 9.60 21.9 19.8 23.34 20.85 10.7 13.74 11.09 45.11 42.11
M. N. 21 164 61.85 57.75 6.63 23.0 21.5 23.3¢ 21.12 10.0 14.44 12.20 47.41 45.55
K. M. 21 167 62.10 58.75 5.39 22.3 21.1 20.02 18.65 6.8 12.43 10.96 49.67 47.79
M. F. 21 169 69.75 65.70 5.81 24.4 23.0 26.71 21.95 18.0 18.63 14.42 51.12 51.28
R. L 21 169 76.75 69.55 9.38 22.2 20.5 27.27 22.50 17.5 20.93 15.65 58.52 53.90
R. S 21 170 64.05 59.30 7.42 26.5 24.2 16.21 13.53 16.5 10.38 8.02 53.67 51.28
K. N. 21 172 73.55 68.65 6.66 24.9 23.2  20.30 17.84 12.1 14.93 12.25 58.62 56.40
Mean 20.8 165.5 65.60 60.70 7.40 23.9 22.2 21.60 19.00 11.7 14.30 11.60 51.30 49.20
S. D. 0.4 4.6 6.30  5.70 1.50 1.8 1.6 3.70  2.80 4.4 3.40  2.30 4.30 4.40
p<0.001 p<0.001 p<0.001 p<0.001
Table 2 The change of total protein, total cholesterol, triglyceride, and free fatty acid before and after
weight reduction
Total protein Total cholestrol Triglceride FFA
(g/dD) (mg/dl) (mg/d1) (mmol/1)
Subj pre post pre post pre post pre post
K. S. 7.2 8.2 205.1 251.5 438.7 35.2 0.499 1.000
F. A 7.5 7.6 240.7 253.4 92.0 35.9 0.196 0.823
F. U. 7.5 7.6 181.6 167.0 51.7 19.4 0.221 0.592
A K. — — — — — — — -
M. N. 7.2 6.9 197.5 187.4 42.9 32.0 0.241 0.578
K. M. 7.1 7.4 191.2 194.3 59.2 32.9 0.242 0.601
M. F. 6.5 7.2 127.7 149.9 33.5 27.1 0.167 0.388
R L 7.7 8.3 168.3 172.1 75.0 52.1 0.166 0.974
R.S. 7.8 8.2 231.2 266.1 38.3 33.3 0.274 0.842
K. N. 7.6 7.8 226.7 220.4 46.1 47.1 — —
Mean 7.3 7.7 196.7 206.9 54.2 35.0 0.2508 0.7248
S. D. 0.4 0.5 35.2 42.5 18.7 9.8 0.110 0.220
p<0.05
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Fig. 2 The change of maximal cardiac output (Qmax), maximal stroke volume (SVyay), and a-v0,
diff before and after weight reduction
Table 3-1 The result of the physical fitness tests before and after weight reduction
Grip strength Back strength Leg strength Sargent jump
(kg) (kg) (kg) (cm)
R L R L
Subj. pre post pre post pre post pre post pre post pre post
K. S. 29 31 25 26 100 92 44 51 54 58 51.4 47.0
F. A. 30 28 31 29 127 117 46 54 49 52 54.1 49.0
F. U. 33 33 30 30 122 123 72 65 75 60 57.0 53.0
A. K. 34 36 34 31 122 115 47 45 43 44 47.8 48.0
M. N. 26 30 21 26 105 97 46 44 49 51 52.5 52.0
K. M. 26 29 25 28 106 98 41 48 42 50 49.2 52.0
M. F. 27 32 29 29 125 117 49 53 49 42 — —
R. L 34 38 32 32 127 134 70 69 41 52 48.5 45.5
R. S 33 41 33 37 111 134 70 64 67 64 57.8 52.0
K. N. 31 32 33 32 104 89 47 46 48 " 50 — —
Mean 30.3 33 29.3 30 114.9 111.6 53.2 53.9 51.7 52.3 52.3 49.8
S. D. 3.2 4.1 4.3 3.3 10.7 16.7 12.2 9 11.1 6.8 3.8 2.8
EBIETHA SN, FIETIZI12mmHg 25102 DFERERL Tz,
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Table 3-2 The result of the physical fitness tests before and after weight reduction
Tapping Stepping Whole body Toe touching Wing lift
(times/10sec) (times/10sec) reaction time (cm) (cm)
R L R L (sec)
Subj. pre post pre post pre post pre post pre post pre post pre post
K. S 68 65 64 62 55 61 58 58 0.344 0.360 18.5 18.0 59.4 59.0
F. A, 84 86 72 73 78 54 78 57 0.419 0.387 14.7 © 13.0 53.0 56.7
F. U. 84 84 72 72 64 61 73 56 0.388 0.394 19.3 19.0 60.0 62.5
A. K. 82 64 62 53 81 67 67 51 0.364 0.331 19.0 20.3 63.5 64.0
M. N. 75 72 73 70 59 68 56 54 0.365 0.357 15.5 12.0 58.5 58.0
K. M. 75 76 67 68 68 63 68 63 0.360 0.359 17.5 20.0 59.4 59.5
M. F. 73 75 76 69 76 63 61 61 0.447 0.39 19.0 19.5 64.7 63.0
R. L 69 76 69 71 66 61 74 59 0.399 0.357 16.5 17.5 61.5 67.9
R. S 61 65 65 60 77 53 74 46 0.396 0.381 19.0 16.0 63.5 59.1
K. N. 65 64 62 58 86 53 75 52 0.392 0.409 6.5 5.0 53.8 62.2
Mean 73.6 72.7 68.2 65.6 71 60.4 68.4 55.7 0.387 0.373 16.6 16.0 59.7  61.2
S. D. 8 8.2 4.9 6.9 10.1 5.4 7.2 5.1 0.031 0.023 3.9 4.8 3.9 3.4
p<0.05 p<0.01
Table 4 The change of resting respiratory function and blood pressure befor and after weight reduction
Vital capacity FEV,, FEV 0% BP; BPd

(ce) (cc) (%) (mmHg) (mmHg)
Subj. pre post pre post pre post pre post pre post
K. S. 2900 2990 2410 2520 83 84 110 104 67 56
F. A. 3930 4040 3410 3500 87 87 108 100 60 60
F. U. 3790 3460 2550 2570 73 74 110 96 68 70
A. K. 3360 3230 2720 2710 81 84 102 88 64 48
M. N. 3750 3680 2990 3170 80 86 108 102 64 68
K. M. 3580 3730 3080 3240 86 87 106 100 62 58
M. F. 3700 3700 2880 3020 78 82 112 104 58 68
R. L 4530 4700 3650 3630 81 77 128 110 68 80
R. S. 4370 4380 3730 3700 85 84 114 104 64 64
K. N. 3670 3600 2920 3030 79 84 118 - 110 74 54
Mean 3758 3751 3034 3109 81 83 112 102 65 63
S. D. 464 511 443 422 4 4 7 6 5 9

p<0.05 p<0.001
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Table 5 The change of maximal oxygen uptake (VOymax ), maximal ventilation (V Eu.x BTPS),
respiratory rate (R. R.) and tidal volume (V1) before and after weight reduction
VOomax VOsmax/weight VEmax (BTPS) R.R. Vr
(1/min) (ml/kg) (1/min) (freq/min) (ml)
Subyj. pre post pre post pre post pre post pre post
K. S. 2.25 2.20 38.9 40.4 88.3 84.4 44 55 2007 1542
F. A, 2.70 2.67 39.9 42.6 94.4 84.8 39 34 2421 2493
F. U. 2.63 2.73 42.2 47.5 108.7 102.4 57 60 1908 1707
A K. 2.64 2.41 44.9 45.3 103.2 79.9 60 59 1721 1354
M. N. 1.98 2.43 32.0 42.1 101.5 88.7 56 59 1813 1503
K. M. 2.78 2.80 44.8 47.7 70.3 94.9 30 45 2343 2105
M. F. 2.52 2.63 36.1 40.0 71.4 81.0 34 44 2099 1841
R. L 2.82 2.78 36.7 40.0 97.5 88.4 39 39 2499 2267
R. S. 2.93 2.22 45.8 37.4 86.7 73.2 35 31 2477 2306
K. N. 2.49 2.73 40.0 39.8 98.6 93.6 55 62 1792 1510
M 2.57 2.56 40.1 42.3 92.1 87.1 45 49 2108 1863
S.D. 0.28 0.23 4.4 3.5 13.0 8.4 11 12 304 402
p<0.001
{
Table 6 The change of maximal cardiac output (Qmaex), maximal stroke volume (SVpmay), a-¥0,diff,
maximal heart rate (HRn.x), and exhaustion time before and after weight reduction
Qumax SVimax a-v0,diff HRpex Exhaustion time
(1/min) (ml/beat) (ml/1) (beats/min) (min)
Subj. pre post pre post pre post pre post pre post
K. S. 22.4 17.5 123.9 94.4 100.5 125.1 181 186 12°00” 10700”
F.A. 21.2 19.0 111.0 102.7 127.3 140.4 191 185 10'55” 11°00”
F. U. 22.9 20.0 125.0 111.3 114.7 135.9 183 180 1300” 11°35”
A K 24.8 19.5 139.2 104.4 106.4 123.4 178 187 13°00” 10700”
M. N. 20.2 22.2 112.3 121.9 97.8 109.3 180 182 12700" 12°00”
K. M. 21.5 21.6 119.5 119.6 129.4 129.3 180 181 13700” 13700”
M. F 24.3 23.0 134.4 127.8 103.5 114.5 181 180 1300~ 13°00”
R. I 19.1 17.6 104.5 97.6 146.6 158.2 183 180 10°00” 11°00”
R. S 24.3 17.7 132.2 96.7 120.6 125.4 184 183 13700~ 1200~
K. N 22.2 18.8 123.4 104.3 132.3 144.8 180 180 1400 14700~
M 22.3 19.7 122.5 108.1 117.9 130.6 182 182 12724” 11°46”
S.D. 1.9 2.0 11.0 11.6 16.0 14.6 4 3 1117 119"
p<0.05 p<0.05 p<0.05
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