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New approach to trainability for female athletes: Aiming at bone disease
prevention
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We investigated the risk factors and the prevention of bone disease in
female athletes. As a result, we reported on (1) the relationship between low bone density risk
factors and estrogen receptor alpha gene polymorphisms in female athletes, (2) the effects of low
bone density risk factors and vitamin D receptor and estrogen receptor alpha gene polymorphisms on
annual changes in bone mineral density of female athletes, and (3) the effects of resistance
training on bone mineral density and resting blood hormones in female collegiate long-distance
runners (2021-2022). These findings suggest an environmental and genetic relationships to the risk
of low bone mineral density (including bone disease) in female athletes, and the potential for
improvement through resistance training in those at high risk for bone disease.
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Tablel. Influences of low BMD risk factors and ESR1 gene Xbal polymorphism on total BMD

IF

All participants AXXA+Xx XX
(n=280) (n=85) (n=195)
B P B P B P
Total body BMD

Sports types -0.421% =0.001 -0.434*  <=0.001 -0.436* <=0.001
BMI -0.276* <=0.001 -0.308* 0.001 -0.275*%  <0.001
Age at menarche -0.119% 0.016 -0.067 0.483 -0.146* 0.014
Prior stress fractures -0.076 0.120 -0.015 0.867 -0.093 0.122
Menstrual cycles -0.001 0.982 0.017 0.853 -0.002 0.977

ERa gene Xbal polymorphism -0.128* 0.009
BMD. bone mineral density: £SR/ , estrogen receptor a; BMI, body mass index; XX+Xx, athletes
having X allele of Xba I polymorphism; xx, athletes having xs genotype of Xba | polymorphism.
*P=0.05
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Table 1. Comparison of MAnP among participants with ACTN3 R577X polymorphism.

Variable (units) RR RX XX ANOVA o RR+RX Ttest o  RX+XX Tiest d
P-value P-value P-value
MARP (W)
Low-impact 5415+ 1184 5216+ 1084 564.0+1154 0225 003 5272+1109 0.114 033 5376+ 1124 0885 003
Multidirectional ~ 649.9 £ 81.8  602.8£926 GOLR+10L6 0110 005 6187£913 0451 0.I8 602.5£951%* 0035 052
High-impact 6729+ 104.0 6767+ 1109 647.4+1285  0.703  0.01 675.4+1073 0402 025 665.1+117.5 0830 007
Controls 5538+ 1388 4759+802 4865+ 1018 0336 009 497.6+101.8 0800 0.1 4800+86.7 0.140 076
MARP (W/BW)
Low-impact 102+14 98+13 10.0+13 0498 001 100=13 0837 004 99+13 0301 025
Multidirectional ~ 11.0+ 1.3 10.7+1.3 104+15 0275 003 108=13 0224 029 10.6+14 0161 034
High-impact 1n3£14 11.0£15 107+ 1.1 0460 003 111=15 0275 032 109+13 0335 031
Controls 99+29 8912 89+ 14 0528 005 92+18 0686 017 89+13 0253 056

Values are presented as mean+standard deviation.
*P <0.05vs RR
BW, Body weight; MAnP, maximum anaerobic power; W, watt.
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Figure 6 Comparison of annual change in lumbar spine (A) and femoral neck (B) BMD with or without
low BMD risk factor. Black bars are annual change in BMD with low BMD risk factors. Gray bars are
annual change in BMD without low BMD risk factors. Data are mean+SD. BMIDD, bone mineral
density; BMI, body mass index. *Statistically significant difference between with and without low
BMD risk factor (7=0.05). #Trend of statistically difference in annual change in BMD (/=0.095).
FStatistically significant difference in annual change in BMD (/~=0.05).
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Figure 8 Changes in total body, lumbar spine, and femoral neck BMD before and after
the 16 weeks resistance training program. Data are presented as mean # standard error. Figure 9 Changes in PINP and NTx of each group. Data are presented as mean +
Statistical analysis revealed no interaction between the RT and athlete effects, as well standard error. Statistical analysis revealed no interaction between the RT and athlete
asno main effect of the athlete in any BMD site. For the RT effect, there was a significant effects, or a main effect of the athlete in PINP and NTx. For the RT effect, there was a
main effect for total body BMD (P<0.05) but not for the lumbar spine or femoral neck. significant main effect for PINP (<0.05) but not for NTx. RRT. runner resistance
BMD, bone mineral density: RRT, runner resistance training group: RCON, runner training; RCON, runner controli NRT, non-athlete resistance trainingt NCON, non-
control: NRT, non-athlete resistance training groupi NCON, non-athlete control. athlete control. Significant differences between pre- and post-tests, “/<0.05. Significant

Significant differences between pre- and post-tests, " <0.05. differences between groups, */%0.05.
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