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ABSTRACT

The effects of daily intake of soy and soy products on bone mineral density, body
composition and self-reported fatigue after 16 weeks of physical training were
examined in Japanese collegiate American football players. Forty-six football players
aged 19-25 years in a national university and 105 male students aged 18-27 years in a
nutrition academy (as controls) were recruited. Additionally, football players were
sub-divided into "almond" and "no supplement" groups, where the "almond" subjects
were supplemented with 60 g of almonds per day during the 16 weeks of training prior
to the fatigue testing. Almonds were selected because of their rich vitamin E
content. Bone mineral densities (BMD) and body composition were measured by dual
energy X-ray absorptiometry (DEX). Self-reported fatigue was measured through
Profile of Mood State (POMS) and "subjective fatigue symptoms" questionnaires
established by the Japan Society for Occupational Health. BMDs of total body,
Lumbar Spine (L,-L,) and proximal femur were significantly higher in the football
players than in the control group. BMDs of the proximal femurs of the football
players were significantly higher in those with high (=3 times/wk) intakes of soy and
soy products than in those with low intakes. "Subjective fatigue symptoms" during 16
wk of physical training were significantly lower in the football players with high (=3
times/wk) intakes of soy and soy products who were supplemented with almonds,
compared to unsupplemented players. Our data suggest that higher intakes of soy
and soy products may promote higher accumulation of bone mineral density and,
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with almond consumption, may decrease fatigue after heavy training in collegiate
football players. Soy Protein Research, Japan 6, 140-146, 2003.

Key words : bone mineral density, vitamin E, fatigue, soy and soy products, almond,

antioxidants
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Table 1. Characteristics of subjects

Athletes Non-athletes P

n 46 105
Age (y) 206 + 1.3 203 + 1.7 0.331
Height (cm) 1741 £+ 5.1 1709 £ 6.2 0.002
Body Wt (kg) 76.5 +11.0 62.0 + 8.1 <0.001
BMI (kg/cm? 252 + 2.8 21.1 + 2.3 <0.001
Body Fat (%) 171 £ 7.7 15.7 + 6.7 0.347
Fat body mass (kg) 13.0 £ 7.0 9.6 + 5.2 0.003
Lean body mass (kg) 59.9 + 6.5 496 = 5.0 <0.001
BMC (kg) 3.63+ 0.49 2.80+ 0.37 <0.001
BMD (g/cm?)

Total body 1.36+ 0.09 1.18+ 0.10 <0.001

Lumber spine 1.37+ 0.13 1.17+ 0.11 <0.001

Neck 1.24+ 0.14 1.09+ 0.12 <0.001

Ward's triangle 1.21+ 0.16 1.05+ 0.15 <0.001

Trochanter 1.07+ 0.13 0.95+ 0.14 <0.001
Mean + SD. BMD: bone mineral density. BMC: bone mineral content.
Table 2. Frequencies of food intake and duration of physical activity at present and past

Athletes Non-athletes P

Intake of soy and soy products (times/wk) 25+ 2.1 25+ 2.1 0.875
Light colored vegetables( ~ ) 7.8+ 6.0 91+ 7.3 0.296
Dark colored vegetables ( » ) 5.1+ 4.8 6.8+ 6.4 0.108
Fruit (7 ) 26+ 2.6 23+ 2.1 0.408
Sea weed ) 1.6+ 2.0 2.5+ 2.0 0.009
Meat ) 49+ 1.9 35+ 1.8 <0.001
Fish ( » ) 2.1+ 1.7 24+ 1.8 0.270
Small fish (7 ) 0.8+ 1.2 1.5+ 1.8 0.011
Animal protein( 7~ ) 13.3+ 4.9 104+ 4.3 0.001
Eggs (n/wk) 6.3+ 3.8 45+ 29 0.002
Current physical activity (h/mo) 81.5+23.2 5.1+11.6 <0.001
Sports history at high schools (y) 46+ 1.7 3.8+ 2.0 0.017

Mean + SD.
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Table 3. Characteristics of subjects in low and high intake of soy and soy products

Athletes Non-athletes
<3times/wk =3 times/wk P <3times/wk =3 times/wk P
n 20 23 52 51
Age (y) 204 + 1.2 206 + 1.3 0.502 19.8 + 14 209 + 1.7 0.001
Ht (cm) 174.6 £+ 5.8 174.1 £+ 4.6 0.745 1710 £ 5.7 170.5 £+ 6.6 0.652
Body wt (kg) 785 *£134 75.6 + 8.8 0.402 62.3 + 8.3 61.6 + 8.1 0.728
BMI (kg/m?) 25,6 + 3.2 249 + 25 0.431 212 + 25 210 + 2.1 0.846
Lean body mass (kg) 60.3 + 8.7 60.3 + 4.1 0.998 49.2 + 4.1 49.8 + 5.8 0.658
Fat body mass (kg) 146 £ 7.0 116 £ 6.9 0.158 10.2 £ 6.1 89 £ 4.3 0.314
Body fat (%) 189 £ 7.3 154 £ 7.9 0.139 16,5 = 7.5 14.9 + 6.0 0.353
BMD (g/cm?)
Total 1.33+ 0.09 1.38+ 0.08 0.075 1.16+ 0.08 1.19+ 0.11 0.321
Lumber Spine 1.34+ 0.13 1.40+ 0.13 0.160 1.16+ 0.10 1.17+ 0.12 0.720
Neck 1.19+ 0.12 1.29+ 0.13 0.018 1.08+ 0.11 1.10+ 0.13 0.513
Ward's triangle 1.14+ 0.15 1.28+ 0.15 0.006 1.04+ 0.15 1.07+ 0.16 0.319
Trochanter 1.02+ 0.13 1.12+ 0.12 0.016 0.94+ 0.14 0.95+ 0.15 0.803
Mean = SD. BMD: bone mineral density.
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Fig. 1. Bone mineral density in the athletes with low and high intake of soy and soy products.
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Fig. 2. Bone mineral density in the non-athletes with low and high intake of soy and soy products.
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Fig. 3. Effects of almond intake and different intake of soy and soy products on increase subjective fatigue
symptoms after 16 wk of physical training in the athletes. [] neuro sensory symptoms; [] mental

symptoms; [l physical symptoms. *P<0.05.
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Table 4. Associated factors with intake of soy and soy
products in the athletes

Factors r P

Intake of small fish 0.599 <0.001
Intake of seaweed 0.512  <0.001
BMD (ward's triangle) 0.496 0.001
Intake of animal protein 0.494 0.001
Balance of nutrition 0.482 0.001
Skipping breakfast —0.460 0.002
Intake dark colored vegetables 0.422 0.005
BMD (trochanter) 0.39%4 0.010
Intake of dairy products 0.390 0.013
Duration of walking 0.383 0.012
BMD (total) 0.361 0.017
BMD (neck) 0.359 0.020
Likes soy and soy products 0.303 0.048
Eat all school lunch 0.302 0.049

BMD: bone mineral density.

Table 5. Associated factors with intake of soy and soy
products in the non-athletes
Factors r P

Intake of fruit 0.386 <0.001
Intake of dairy products 0.371 <0.001
Intake of fish 0.349 <0.001
Eating out —0.329 <0.001
Intake of dark colored vegetables 0.318 0.001
Intake of convenience food —0.286 0.002
Intake of animal protein 0.300 0.001
Balance of nutrition 0.276 0.003
Skipping meals —0.247 0.006
Duration of sunbathing 0.241 0.007
Lumber pain —0.200 0.022
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Table 6. Multiple regression analysis of soy and soy
products in the athletes and the non-athletes

Factors Athletes Non-athletes
Intake of small fish 0.599** —
Skipping breakfast —0.460* —
Intake of fruit - 0.386**
Intake of dairy products 0.390* 0.371%**
Eating out — —0.329**
Intake of dark colored vegetables — 0.318*
Intake of convenience food - —0.286*

Multiple R 0.55 0.36

**P<0.001, *P<0.05.
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