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ABSTRACT

Aim: Puberty is considered to be an important growth period with major changes in
both lifestyle and the acquisition of peak bone mass. At present, there is a lack of
quantitative and qualitative information concerning those topics in Japanese children
and adolescents. The purpose of the present study was to clarify associations between
sports activity in junior high school and high school, and bone mineral density (BMD)
and the rate of change in BMD at the lumbar spine and total hip in high school age.

Methods: For 160 third grade students of high school in Kyoto, Japan, we measured
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BMD by DXA (QDR4500, Hologic) at the lumbar spine (L2-L4) and total hip,
height, weight. and grip strength (follow up study) . Past and present history of
illness, lifestyle factors such as dietary calcium intake and exercise habits, and
information on maturity were obtained from detailed interviews. The same variables
were examined in the first grade, 2 years before (baseline study) . We analyzed 156
third grade students (75 boys and 81 girls) who had no disease and were not on
medication affecting bone metabolism.

Results: There was significant increase in BMD at the lumbar spine (boys: 4.2%/yr,
girls: 1.4%/yr) and total hip (boys: 4.1%/yr, girls: 2.7%/yr) in both genders, but the
annual change rates of BMD in high school decreased in comparison with junior high
school age. When BMD and the annual change rates in BMD was adjusted for weight
and maturity by the analysis of covariance, the boys and girls with more sports active
lifestyle in their junior high school and high school age showed greater BMD of spine
and hip at baseline and follow up. In multiple regression analyses, sports activity in
their junior high school and high school had a significant positive independent effect
on BMD at baseline and follow up of both genders and the annual change rates in
BMD of girls at both skeletal sites.

Conclusions: Although there was significant increase in BMD at the lumbar spine
and total hip in both genders, it was suggested that the peak of the increase in BMD
passed in the high school age. Sports activity in junior high school and high school age
was the important determinant of bone development in adolescents.
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2 1 Characteristics of participants at commencement of the baseline study and at the 2-year follow up

Boys Girls

Variables Baseline Follow up Baseline Follow up
Number of subjects 75 75 81 81
Age (years) 168 (0.3) 178 (0.3)"™* 159 (0.3) 179 (0.3)™"
Height (cm) 170.1 (6.1) 1717 (6.0)"™" 1592 (4.9) 1596 (5.0)™"
Weight (kg) - 575 (8.0) 61.3 (7.3)"* 489 (5.0) 504 (4.7)™"
Body mass index (kg/em?) 198 (2.3) 208 (2.1 198 (1.7) 193 (2.0)™"
Grip strength® (kg) 363 (54) 40.1 (54)*™** 242 (39 255 (4.1)™
Calcium intake (mg/day) 6934 (244.4) 682.5 (260.7) 597.5 (235.9) 6036 (237.0)
Sports activity in JHS P (hours) 1440.1 (862.8) 12429 (929.1)
Physical activity in HS © (hours) - 1523.7 (1064.3) 10328 (1178.3)
BMD at lumbar spine (g/em?) 0.951 (0.123) 1.029 (0.130)"* 0953 (0.099) 0.979 (0.102)**"
BMD at total hip (g/fem?) 0.972 (0.118) 1.050 (0.126)"* 0900 (0.113) 0.948 (0.123)""

Note Values are mean (SD), ***:p<0.001;Significant Difference between baseline and follow up measures by paired t-test.
. Average value of both hands, ™ . total hours of sports activity in JHS (junior high school) or HS (high school) aside from

physical education classes, respectively.
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1 Relationship between BMD at baseline and sports activity in junior high school adjusted for weight and pubertal development

BMD was adjusted for weight and pubertal development. Total hours of sports activity in junior high school were divided into
tertiles (T1-T3). Mean values and SD of total hours of sports activity in tertiles were shown (in hours) : T1 [Boys: 772.5 +
386.5, Girls: 959.7 & 380.5], T2 [Boys: 1500.1 & 154.5, Girls: 1590.1 £ 156.9], T3 [Boys: 2465.2 + 504.8, Girls: 2435.9 + 343.1].
T or T T: Significantly different of BMD at baseline from non-sports activity or the lowest sports activity tertile (T1) ,

respectively, at p<0.05 by Bonferroni's method.
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% 2 Standardized partial regression coefficients in the multiple linear regression models of
BMD at baseline on weight, sports activity in junior high school and pubertal development

Boys Girls
Dependent variable: BMD at baseline

Independent variables Lumbar spine Total hip Lumbear spine Total hip
Weight at baseline 0.328% 0.361°°F 0.304* 04047
Sports activity in HS (hours) 0.384*** 0.397"** 0.270" 0.340°*
Pubertal onset grade *
JH2-3 (reference) 0 0 0 0
JH1 0.213 0.229" -0.026 0.035
E6 0.114 0.087 0.158 0.078
E3-E5 0.244" 0.275" 0.193 0.104
p-value for trend of pubertal effect ns ns ns ns
R2 (adjusted) 0.338™* 0.412"** 0.167** 0.237***

E3, E4, E5, E6: 3rd, 4th, 5th or 6th grade of elementary school.

JH1, JH2, JH3: 1st, 2nd or 3rd grade of junior high school. ™ :p<0.001," :p<0.01
a: Pubertal onset grade JH2-3 was coded with O as the reference point.

Each pubertal onset grade was coded as 1 for its dummy variable,

' p<0.05.
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B2 Relationship between BMD at follow up and change rate of BMD and sports activity in high school adjusted for
weight and pubertal development

BMD and change rate of BMD were adjusted for weight and pubertal development. Total hours of sports acnvny in high
school were divided into tertiles (T1-T3). Mean values and SD of total hours of sports activity in tertiles were shown
(in hours) : T1 [Boys: 653.9 % 380.0, Girls: 556.6 =+ 449.1], T2 [Boys: 1665.7 + 287.2, Girls: 2033.0 + 165.4], T3 [Boys:
2845.1 +441.1, Girls: 2852.2 +321.2].7, T T, or T T T: Significantly different of BMD at follow up from non-sports
activity, the lowest sports activity tertile (T1) or the middle sports activity tertile (T2) , respectively, at p<0.05 by
Bonferroni's method. # or ##: Significantly different at change rate of BMD from the highest sports activity tertile (T3)
or the middle sports activity tertile (T2) , respectively, at p<0.05 by Bonferroni's method.
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£t 3 Standardized partial regression coefficients in the multiple linear regression models of BMD at the follow up and
annualized percent change on weight, sports activity in high school and pubertal development

Boys Girls
Dependent variable: Dependent variable:
BMDatfollowup  Annual ized percent change in BMD ~ BMD at follow up  Annualized percent change in BMD
Independent variables Lumbar spine Total hip Lumbar spine Total hip Lumbarspine Total hip Lumbar spine Total hip
Weight at followup ~ (kg)  0.194 0261 -0.157 -0.180 0278 0272 -0.030 0.003

Sports activity in HS (hours) ~ 0.357"" 0477 -0.020 0.233 0.383**  0.560"**  0.231° 0.470**"
Pubertal onset grade 2

JH2-3 (reference) 0 0 0 0 0 0 0 0

JH1 0.167 0.149 -0.252 -0.337" -0.033 0.033 -0.023 -0.034
E6 0.064 0.040 -0.337° -0.3417 0.200 0.152 -0.235 -0.261°
E3-E5 0.121 0.200 -0.345™  -0.201 0.117 0.089 -0.381"%  -0.254"
p-value for trend of pubertal effect  ns ns 0.002 0.033 ns ns 0.001 0.009
R? (adjusted) 0.183* 0391  0.108" 0.131* 0.214™ 0368 0.161"" 0.305"**

E3, E4, E5, E6: 3rd, 4th, 5th or 6th grade of elementary school. JH1, JH2, JH3: 1st, 2nd or 3rd grade of junior high school.
*p<0.001,™" :p<0.01," :p<0.05. 2: Pubertal onset grade JH2-3 was coded with 0 as the reference point. Each pubertal onset grade

was coded as 1 for its dummy variable,
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