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Prevalence and associated factors of stress fractures,

menstrual dysfunction,

and eating disorders in high school athletes
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n=1,712

Athletes participated in training camps
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n=513

Analyzed cases
n=1,199 (70.0%)

Male
n=608

Female
n=>591

Figure 1. Flow chart for selecting participants

Table 1. Characteristics of male and female athletes (n = 1,199) in the study

Male Female p
(n=608) (n=591)

Age (year), mean (SD) 17.01 (0.57) 17.04 (0.58) 0.38
BMI (kg/m?), mean (SD) 21.8(3.3) 20.5(2.5) <0.0001
Weight (kg), mean (SD) 65.4 (11.0) 53.4(7.4) <0.0001
Height (cm), mean (SD) 173.1(5.8) 161.1 (5.2) <0.0001
Training (hour/week), mean (SD) 14.8 (4.0) 15.0(3.9) 0.46
Rest, day/week, mean (SD) 1.39(0.65) 1.35(0.69) 0.13
History of stress fractures, n (%) 144 (23.7) 137(23.2) 0.84
History of menstrual dysfunction, n (%) - 201 (34.0) -
History of eating disorders, n (%) 10 (1.6) 20(3.4) 0.064
Probable Triad , n (%) - 4(0.7) -

Abbreviations: SD, standard deviation; BMI, body mass index.

Probable triad, previous stress fracture, menstrual dysfunction, and eating disorder.
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Table 2. Specialty and competition level of athletes
Competition level
Overall National Regional Prefectural City
Male 608 (100) 180 (29.6) 318 (52.3) 93 (15.3) 17 (2.8)
Specialty
Sprinting 227 (37.3) 61 (33.9) 127 (39.9) 34 (36.6) 5(29.4)
Middle-distance 27 (4.4) 5(2.8) 14 (4.4) 6 (6.5) 2(11.8)
Long-distance 46 (7.6) 9 (5.0) 29(9.1) 6 (6.5) 2(11.8)
Jumping 166 (27.3) 57 (31.7) 81 (25.5) 25 (26.7) 3(17.7)
Throwing 121 (19.9) 45 (25.0) 55 (17.3) 17 (18.3) 4(23.5)
Combined 21 (3.5) 3(1.7) 12 (3.8) 5 (5.4) 1(5.9)
Female 591 (100) 233 (39.4) 276 (46.7) 69 (11.7) 13 (2.2)
Specialty
Sprinting 238 (40.3) 107 (45.9) 96 (34.8) 31 (44.9) 4(30.8)
Middle-distance 30(5.1) 11 (4.7) 16 (5.8) 3(4.4) 0(0.0)
Long-distance 38 (6.4) 17 (7.3) 17 (6.2) 3(4.4) 1(7.7)
Jumping 142 (24.0) 53(22.8) 71(25.7) 17 (24.6) 1(7.7)
Throwing 108 (18.3) 38(16.3) 56 (20.3) 9(13.0) 5(38.5)
Combined 35(5.9) 7(3.0) 20(7.3) 6(8.7) 2 (15.4)
Reported as n (% of each competition level)
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Table 3. Characteristics of athletes by event specialty

Sprinting Middle-distance  Long-distance Jumping Throwing Combined Overall
(n = 465) (n=57) (n=84) (n =308) (n =229) (n =56) (n=1199) P
Overall
History of stress fractures 133 (28.6) 14 (24.6) 17 (20.2) 71(23.1) 31(13.5) 15 (26.8) 281 (23.4) 0.001*
History of eating disorders 9(1.9) 0(0.0) 8(9.5) 6 (2.0) 6(2.6) 1(1.8) 30(2.5) 0.0167
BMI, kg/m2, mean (SD) 20.3 (1.4) 19.1(1.4) 19.1(1.7) 20.3(1.6) 25.5(3.7) 20.9 (1.4) 21.2(3.0) <0.0001 t
Training, hour/week, mean (SD) 14.6 (3.4) 14.1 (3.8) 14.3 (3.5) 14.4 (3.4) 16.1(5.2) 15.8 (5.1) 14.9 (4.0) 0.005§
Male
History of stress fractures 68 (30.0) 5(18.5) 9(19.6) 41 (24.7) 17 (14.1) 4(19.1) 144 (23.7) 0.03//
History of eating disorders 4(1.8) 0 0 1(0.6) 4(3.3) 1(4.8) 10 (1.6) 0.32
BMI, kg/m’, mean (SD) 20.8(1.4) 19.5(1.2) 19.2 (1.8) 20.7 (1.7) 26.6 (3.9) 21.2(1.3) 21.8(3.3) <0.0001 9
Training, hour/week, mean (SD) 14.4 (3.5) 13.5(3.7) 13.7(3.9) 14.7 (3.4) 16.4 (5.0) 14.7 (5.5) 14.8 (4.0) 0.0005 ¥
Female
History of stress fractures 65 (27.3) 9(30.0) 8(21.1) 30(21.1) 14 (13.0) 11 (31.4) 137 (23.2) 0.05
History of eating disorders 5(2.1) 0 8(21.1) 5(3.5) 2(1.9) 0 20(3.4) 0.0003**
BMI, kg/m?, mean (SD) 19.8(1.2) 18.7 (1.5) 18.9 (1.6) 19.8 (1.3) 24.2 (3.0) 20.6 (1.4) 20.5 (2.5) <0.0001 tt
Training, hour/week, mean (SD) 14.8 (3.3) 14.6 (3.8) 14.9 (3.0) 14.4 (3.5) 15.8(5.2) 16.4 (4.9) 15.0 (3.9) 0.17
History of menstrual dysfunction 72 (30.3) 15 (50.0) 25 (65.8) 43 (30.3) 31(28.7) 15 (42.9) 201 (34.0) 0.00025%
Probable Triad 0 0 4(10.5) 0 0 0 4(0.7) <0.0001/]]]

Abbreviations: SD, standard deviation; BMI, body mass index. Probable triad, previous stress fractures, menstrual dysfunction, and eating disorders.
Reported as n (%) unless otherwise specified.

*P <0.0001 between throwing and sprinting.

1P =0.0016 between long-distance and sprinting. P = 0.0032 between long-distance and jumping.

#P < 0.0001 between throwing and the others, sprinting and long-distance, sprinting and middle-distance, combined and middle-distance, combined and long-distance, jumping and middle-
distance, jumping and long-distance.

§P =0.0005 between throwing and jumping. P = 0.0014 between throwing and sprinting. P = 0.0064 between throwing and long-distance. P = 0.024 between throwing and middle-distance.

/| P =0.0001 between throwing and sprinting.

9P < 0.0001 between throwing and the others, sprinting and long-distance, sprinting and middle-distance, combined and middle-distance, combined and long-distance, jumping and middle-
distance, jumping and long-distance.

#P =0.0001 between sprinting and throwing. P = 0.0003 between long-distance and throwing events.

11P =0.0001 between long-distance and sprinting. P = 0.0003 between long-distance and throwing. P = 0.001 between long-distance and jumping.

##P < 0.0001 between throwing and the others, combined and long-distance, combined and middle-distance, sprinting and middle-distance. P = 0.0001 between middle-distance and jumping.
P =0.0004 between long-distance and sprinting. P = 0.001 between long-distance and jumping. P = 0.002 between sprinting and combined.

§§P < 0.0001 between long-distance and sprinting, long-distance and throwing. P = 0.0001 between long-distance and jumping.

[/]]P <0.0001 between long-distance and throwing. P = 0.0003 between long-distance and sprinting. P = 0.0017 between long-distance and jumping.

Table 4. Univariate / multivarariate logistic regression analysis of factors related to history

of stress fractures. (n = 1,199)

Univariate logistic regression analysis Multivariate logistic regression analysis
H'Stfc: ;tifr‘:sress '1:’;::25 Crude OR 95%CI P Adjusted OR 95%Cl P
Overall 1199 281(23.4) 918 (76.6)
Sex
Male 608 144 (23.7) 464 (76.3) 1.00 reference
Female 591 137(23.2) 454 (76.8) 0.97 0.744-1.270 0.84
Event specialty
Sprinting 465 133 (28.6) 322 (71.4) 2.56 1.667-3.928 <0.0001* 3.56 1.939-6.520 <0.0001*
Middle-distance 57 14 (24.6) 43 (75.4) 2.08 1.020-4.238 0.044* 3.10 1.286-7.493 0.012*
Long-distance 84 17(20.2) 67 (79.8) 1.62 0.843-3.114 0.15 2.23 0.959-5.164 0.063
Jumping 308 71(23.1) 237 (76.9) 191 1.205-3.038 0.0059* 2,51 1.335-4.733 0.0043*
Combined 56 15 (26.8) 41(73.2) 234 1.158-4.716 0.018* 2.88 1.281-6.459 0.011*
Throwing 229 31(13.5) 198 (86.5) 1.00 reference 1.00 reference
Training, hour/week, mean [SD] (per 1) 15.6 [4.2] 14.6 [3.9] 1.06 1.026-1.094 0.0005* 1.08 1.042-1.116 <0.0001*
Rest, day/week, mean [SD] (per 1) 1.35[0.7] 1.38 [0.6] 0.94 0.770-1.151 0.56
BMI, kg/m® mean [SD] (per 1) 20.8[2.6] 21.3[3.1] 0.95 0.899-0.994 0.029* 1.02 0.947-1.096 0.61
History of eating disorders 30 11(36.7) 19 (63.3) 1.93 0.906-4.101 0.088
History of menstrual dysfunction 201 51(25.4) 150 (74.6) 1.20 0.807-1.789 0.37

Reported as n (%) unless otherwise specified.

Abbreviations: SD, standard deviation; OR, odds ratio; Cl confidence interval; BMI, body mass index.

A multivariate logistic regression analysis was used after adjustment for Event specialty, Training and body mass index.
*Data with P -value < 0.05 and 95% confidence interval not crossing 1 are shown in bold.



Table 5. Univariate / Multivariate logistic regression analysis of factors related to history

of menstrual dysfunction. (n = 591)

Univariate logistic regression analysis Multivariate logistic regression analysis

History of Non-menstrual
n menstrual . Crude OR 95% Cl P Adjusted OR 95% ClI P
dysfunction dysfunction
Overall 591 201 (34.0) 390 (66.0)
Event specialty
Sprinting 238 72(30.3) 166 (69.8) 1.08 0.653-1.776 0.77 0.85 0.434-1.679 0.65
Middle-distance 30 15 (50.0) 15 (50.0) 2.48 1.084-5.686 0.032* 1.99 0.723-5.485 0.18
Long-distance 38 25 (65.8) 13 (34.2) 4.78 2.169-10.517 <0.0001* 2.87 1.082-7.606 0.034*
Jumping 142 43 (30.3) 99 (69.7) 1.08 0.622-1.869 0.79 0.84 0.413-1.729 0.64
Combined 35 15 (42.9) 20(57.1) 1.86 0.847-4.099 0.13 1.55 0.649-3.700 0.32
Throwing 108 31(28.7) 77 (71.3) 1.00 reference 1.00 reference
Training, hour/week, mean [SD] (per 1) 15.3 (3.7) 14.7 (4.0) 1.04 0.993-1.082 0.10
Rest, day/week, mean [SD] (per 1) 1.3(0.7) 1.4(0.7) 0.86 0.667-1.102 0.24
BMI, kg/m?, mean [SD] (per 1) 20.2 (2.4) 20.7 (2.5) 0.93 0.856-0.998 0.043* 0.95 0.853-1.053 0.31
History of eating disorders 20 13 (65.0) 7 (35.0) 3.78 1.485-9.640 0.005* 2.92 1.015-8.423 0.047*
History of stress fractures 137 51(37.2) 86 (62.8) 1.20 0.807-1.789 0.37

Reported as n (%) unless otherwise specified.

Abbreviations: SD, standard deviation; OR, odds ratio; Cl confidence interval; BMI, body mass index.
A multivariate logistic regression analysis was used after adjustment for Event specialty, body mass index and history of eating disorders.

*Data with P-value < 0.05 and 95% confidence interval not crossing 1 are shown in bold.
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