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Introduction

For the prevention of osteoporosis, the 

acquisition of a high peak bone mass (PBM) during 

youth and the inhibition of a postmenopausal 

decrease in bone mass are important. Osteoporosis 

is markedly affected by genetic factors1), but 

can be prevented by improving lifestyle-related 

factors2). Thus, attention has been directed from 

secondary prevention during the senile period to 

the acquisition of a high PBM and its maintenance 

during youth as active preventive measures. With 

such a background, studies in the young have been 

extensively performed, and have suggested the 

importance of exercise habits during the growth 

period in maintaining a high bone mass3,4). In 

addition, longitudinal studies in female college 

students have shown the influence of exercise 

habits after entering college on changes in the 

bone mass5-7).

However, in recent years, a decrease in daily 

physical activities during youth has become a 

concern. A survey by the Ministry of Education, 

Culture, Sports, Science and Technology showed 

the presence of exercise habits in 68.1% of female 

junior high school students, 42.4% of female 

high school students, but only 15.0% of females 

aged 19 years8). Thus, exercise habits are lost 

after graduation from high school. It is possible 

that a high bone mass cannot be maintained 

until menopause for this reason. Therefore, we 
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evaluated the influences of exercise habits during 

the growth period and in college on changes in the 

bone mass of female college students.

Subjects and methods

The subjects consisted of 134 (19.22±0.29 

years) female college students who entered our 

college in 2006 and 2007. The study was approved 

by the Ethics Committee of the Wayo Women’s 

University. All participants provided written 

informed consent.

In this study, a quantitative ultrasound bone 

densitometry (A-1000 EXPRESS, Lunar Co., 

USA) was used for measurement. Employing this 

system, the broadband ultrasound attenuation 

(BUA) and speed of sound (SOS) are measured. 

The BUA reflects the bone mass structure, and 

SOS represents the bone mineral density9), and 

Stiffness is calculated based on these items using 

the following equation:

Stiffness= 0.67×BUA+0.28×SOS－420

These 3 items were regarded as QUS 

parameters. Measurement was performed in 

the right calcaneus. Before measurement in 

the subjects, the same examiner performed 5 

consecutive measurements, and confirmed the 

coefficient of variation (CV) to be < 2%.

The height, weight, and body fat percentage 

(TBF-102, Tanita Co., Japan) were determined, 

and the body mass index (BMI), fat mass (FM), 

and lean body mass (LBM) were calculated. For 

determination of the body weight and body fat 

percentage, constant measurement conditions were 

maintained to minimize errors. The anthropometric 

parameters of the subjects obtained in the first 

measurement (baseline) are shown in Table 1.

Lifestyle and past and present exercise habits 

were surveyed using a questionnaire. Subjects 

without past exercise habits such as sports club 

activities in junior and senior high school were 

included in the group without past exercise 

habits (n=36), and those with such habits during 

this period were included in the group with past 

exercise habits (n=98).

The first measurement and survey were 

performed in November-December in the first year 

of college. Subsequently, similar measurement was 

annually performed.

The possible correlations between the QUS 

parameters and each anthropometric parameter 

were analyzed using Pearson’s single correlation 

coefficient. For comparison between the groups, 

the unpaired t-test was used. Annual changes in 

each parameter were evaluated using analysis of 

variance, and, for parameters showing significant 

differences, multiple comparison was performed 

using the Bonferroni method. The significance 

level was set at p<0.05. All statistical analyses 

were performed with SPSS version 18.0 for 

Windows (SPSS, Inc., Japan).

Results

1.  Relationship between the anthropometric and 

QUS parameters

The height and weight of the subjects did not 

differ from the mean values in Japanese at their 

age10). Table 2 shows the relationship between the 

anthropometric and QUS parameters. stiffness 

was positively correlated with the body weight 

and BMI (p<0.05 for each). BUA was positively 

correlated with the body weight, BMI, body 

fat percentage, FM, and LBM (p<0.01 for all 

parameters excluding the LBM, p<0.001 for 

LBM).

2.  Annual changes in the anthropometric and QUS 

parameters

Annual changes in the anthropometric and QUS 

parameters of subjects are shown in Table 3. The 

anthropometric parameters did not change. Among  

QUS parameters, Stiffness decreased after 1 and 

2 years compared with the baseline (p<0.001). 

BUA decreased after 2 years compared with the 

baseline (p<0.001), while SOS decreased after 
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1 year compared with the baseline (p<0.001) but 

increased after 2 years compared with the value 

after 1 year (p<0.05).

3.  Changes in the QUS parameters according to 

the presence/ absence of past exercise habits

The anthropometric parameters according to 

the presence/ absence of past exercise habits are 

shown in Table 4. No parameter significantly 

differed between the two groups. A two-way 

ANOVA repeated measures analysis of variance 

using time as a repeated factor, past exercise habits 

as a grouping factor, and changes in Stiffness as 

a dependent variable. No significant interaction 

was observed, but each factor shown a significant 

main effect (time, p<0.001; past exercise habits, 

p<0.01). As a multiple comparison test, the 

stiffness value was significantly higher in the 

group with than that without past exercise habits. 

In the group with past exercise habits, the stiffness 

values after 1 and 2 years were significantly 

lower than in the baseline (p<0.001 for each; Fig. 

1). In the group without past exercise habits, no 

significant change were observed. BUA and SOS 

showed similar results.

4.  Changes in the QUS parameters according 

to the presence/ absence of exercise habits in 

college

The two groups with or without past exercise 

habits were further classified into a total of 4 

groups according to the presence/ absence of 

exercise habits after entering college, and changes 

in the QUS parameters were evaluated (Table 5). 

In the group with past exercise habits but without 

such habits after entering college (Yes/ No group, 

n=71), the stiffness value decreased both after 1 

and 2 years (p<0.001). In 31 subjects with exercise 

habits after entering college, who constituted the 

group without past exercise habits but with such 

habits in college (No/ Yes group, n=4) or that 

with both past exercise habits and exercise habits 

Table 1 Anthropometric parameters of the subjects(n=134).

Items Unit Means±ＳＤ 95％CI

Age years 19.22 ± 0.29 19.17 － 19.27 
Age at menartche years 12.32 ± 1.33 12.09 － 12.55 

Height cm 157.99 ± 5.11 157.12 － 158.86 
Weight kg 51.97 ± 6.92 50.78 － 53.15 
BMI kg/m

2
20.81 ± 2.58 20.37 － 21.25 

%Fat ％ 24.95 ± 4.82 24.12 － 25.77 
FM kg 13.23 ± 4.18 12.52 － 13.95 

LBM kg 38.73 ± 3.47 38.14 － 39.32 

Table 2 Correlation coefficients between anthropometric and QUS parameters.

Itetms Stiffness BUA SOS

Age -0.049 -0.065 -0.029
Age at menartche -0.162 -0.165 -0.116

Height -0.009 0.141 -0.149
Weight 0.175 

＊
0.330 

＊＊
-0.016

BMI 0.192 
＊

0.277 
＊＊

0.064
%Fat 0.154 0.223 

＊＊
0.054

FM 0.162 0.269 
＊＊

0.022
LBM 0.154 0.355 

＊＊＊
-0.059

 ＊
p<0.05, 

＊＊
 p<0.01, 

＊＊＊
 p<0.001
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in college (Yes/ Yes group, n=27), no change 

in stiffness were observed. The BUA and SOS 

showed similar results.

 

 Discussion

We evaluated the influences of past exercise 

habits in junior and senior high school and those 

in college on change in the bone mass parameters 

of the calcaneus in female college students. 

Dual-energy X-ray absorptiometry (DXA) is a 

golden standard for measuring the bone mass, 

but involves exposure to a small amount of 

radiation. Therefore, we measured bone mass 

parameters in the calcaneus using a QUS system, 

allowing noninvasive measurement, annually for 3 

consecutive years. A correlation between the bone 

mass measured using the QUS method and that 

Table 3 Annual changes in the anthropometric and QUS parameters (n=134)

Items Unit Baseline After 1 year After 2 years

《 Anthropometric parameters 》
Height cm 157.99 ± 5.11 158.08 ± 5.10 158.07 ± 5.21 
Weight kg 51.97 ± 6.92 51.96 ± 6.89 52.01 ± 6.55 
BMI kg/m

2
20.81 ± 2.58 20.80 ± 2.65 20.81 ± 2.48 

%Fat ％ 24.95 ± 4.82 25.34 ± 4.91 25.21 ± 4.80 
FM kg 13.23 ± 4.18 13.43 ± 4.35 13.35 ± 4.18 

LBM kg 38.73 ± 3.47 38.53 ± 3.43 38.66 ± 3.32 
《 QUS prameters 》

Stiffness 102.16 ± 14.15 98.72 ± 13.39 
＊＊＊

98.90 ± 13.36 
＊＊＊

BUA dB/MHz 116.77 ± 11.98 114.93 ± 12.01 113.43 ± 11.59 
＊＊＊

SOS m/sec 1587.54 ± 29.47 1579.36 ± 28.90 
＊＊＊

1583.73 ± 28.06 
†

＊＊＊
 p<0.001 VS Baseline

†
p<0.05 VS After 1 year

Table 4  Difference between subjects without or with past exercise habits.

Items Unit
Exercise habits in junior and senior high school

No (n=36) Yes (n=98)

Age years 19.22 ± 0.27 19.22 ± 0.29 
Age at menartche years 12.31 ± 1.48 12.32 ± 1.28 

Height cm 157.45 ± 4.74 158.19 ± 5.24 
Weight kg 51.79 ± 7.54 52.03 ± 6.71 
BMI kg/m

2
20.90 ± 3.01 20.78 ± 2.41 

%Fat ％ 25.31 ± 5.78 24.82 ± 4.44 
FM kg 13.47 ± 5.01 13.15 ± 3.86 

LBM kg 38.32 ± 3.30 38.88 ± 3.54 

125

No （n=36）
Yes （n=98）

115

105

95

85

Baseline

［Stiffness］

After 1 year After 2 year

＊＊＊

＊＊＊

##
## #

Fig.1  Stiffness changes in two groups.
♯ 

p<0.05，♯♯p<0.01 VS No group
＊＊＊ 

p<0.001 VS Baseline
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using the DXA method has been reported11), and 

the relationship between the QUS parameters and 

risk of fracture has also been clarified with this 

method12,13).

Evaluation of the possible correlation between 

the QUS and anthropometric parameters (Table 2) 

showed a positive correlation between the stiffness 

and body weight as well as BMI. The BUA 

was positively correlation with anthropometric 

parameters excluding height and most strongly 

correlated with the LBM. The BUA is affected by 

anthropometric parameters, and is more strongly 

affected by the LBM composed mainly of skeletal 

muscle than by body weight14-16). The results of our 

study supported the importance of the LBM as a 

factor associated with the bone mass.

Evaluation of the annual changes in QUS 

parameters revealed significant decreases in 

stiffness after 1 and 2 years compared with the 

baseline (Table 3). There have been only a few 

studies on changes in the bone mass of female 

college students, and their conclusions have been 

inconsistent due to differences in the measurement 

area and observation years5-7). Therefore, in this 

study, the subjects were classified into two groups 

according to the presence or absence of past 

exercise habits in junior and senior high school, 

and the bone mass was evaluated. In all years 

in college, the stiffness value was higher in the 

group with (n=98) than in that without (n=36) 

past exercise habits (Fig. 1). These results were 

consistent with the results of previous cross-

sectional studies on the relationship between 

the bone mass and past exercise habits in young 

females3,17), supporting the importance of exercise 

habits during the growth period in acquiring a high 

bone mass.

As a result of the evaluation of changes in 

Stiffness in the groups with or without past 

exercise habits, Stiffness did not change in the 

group without but significantly decreased in the 

group with past exercise habits (Fig. 1). Bone 

formation is promoted when stress is affected 

a certain level due to mechanical loads such as 

exercise, and is terminated by bone resorption 

caused by a decrease in loading due to bed rest19) 

or zero gravity20). Thus, bone is constantly affected 

by mechanical loading. In this study, stiffness 

did not change in the group without past exercise 

habits, which suggests no changes in mechanical 

loading after entering college. In the group with 

past exercise habits, stiffness decreased after 1 

year, which suggests a decrease in mechanical 

loading after entering college.

Evaluation of the influences of exercise habits 

after entering college revealed decreases in the 

QUS parameters in the group with exercise habits 

in the past but not in college, but no changes in 

the other groups. Wu et al.5) and Yokouchi et 

al.6) reported an increase in the bone mass of 

students with exercise habits both in the past and 

after entering college. However, in this study, no 

changes in bone mass were observed in such 

students. This may be because many subjects with 

exercise habits in this study performed exercise 

only for about 60 minutes once weekly. Exercise 

Table 5 Changes in Stiffness according past and curent exercise habits.  

Exercise habits

n

Stiffness
P-valueJunior and senior 

high school
In college Baseline After 1 year After 2 years

No No 32 95.81 ± 13.60 92.97 ± 12.00 94.84± 12.20 n.s
No Yes  4 95.25 ± 16.78 93.00 ± 16.27 95.25± 12.09 n.s
Yes No 71 104.72 ± 13.96 

♯
100.13 ± 13.91 

＊＊＊
100.11± 14.29 

＊＊＊
p<0.001

Yes Yes 27 103.96 ± 12.99 102.70 ± 11.23 
♯

101.07± 11.71 n.s
＊＊＊

p<0.001  VS Baseline
♯

p<0.05　VS No/No group
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once weekly may not have been a sufficient 

enough load to increase the bone mass. However, 

this subjects who lost exercise habits showed a 

decrease in the bone mass, which suggests that 

exercise about once weekly can inhibit such a 

decrease.

In this study, since there were a few subjects 

who continued exercise after entering college, 

evaluation according to the type of sport could not 

be performed. In addition, the association between 

changes in the bone mass and Ca intake was not 

evaluation. In the future, it will be necessary to 

evaluate the influences of the quality and amount 

of exercise or Ca intake on changes in the bone 

mass in a larger number of subjects.

Conclusion

We evaluated the influence of past exercise 

habits on changes in the bone mass after entering 

college in female college students. As a result, the 

stiffness value was higher in the group with than 

in that without past exercise habits, suggesting the 

effectiveness of exercise habits during the growth 

period for increasing the bone mass. Concerning 

changes in stiffness, the stiffness significantly 

decreased in the group with past exercise habits, 

but was maintained in the group with exercise 

habits both in the past and after entering college. 

Thus, the bone mass may be the continuation of 

exercise.

Acknowledgements

This study was supported by a Grant-in-Aid for 

Scientific Research (18500629) from the Ministry 

of Education, Science, Sports and Culture.

References

1) Toyokawa S., Nishikawa H., et al.: Structural 

Equation Modeling of the Relationship of 

Bone Mineral Density and Its Risk Factors in 

Japanese Women. Environmental Health and 

Preventive Medicine 6: 41-46 2001

2) Bainbride K.E., Sowers M. et al.: Risk Factors 

for low bone mineral density and the 6-year 

rate of bone loss among premenopausal and 

perimenopausal Women. Osteoporos Int. 15: 

439-446 2004

3) Hara S., Yanagi H., et al.: Effect of Physical 

Activity During Teenage Years, Based on Type 

of Sport and Duration of Exercise, on Bone 

Mineral Density of Young, Premenopausal 

Japanese Women. Calcif. Tissue Int. 68: 23-30 

2001

4) Nilsson M., Ohlsson C., et al.: Previous Sport 

Activity During Childhood and Adolescence 

Is Associated With Increased Cortical Bone 

Size in Young Adult Men. J Bone Miner. Res. 

24: 125-133 2009

5) Wu J., Kusuhara K., et al.: Longitudinal Study 

of Annual Change of Bone Mass at Weight-

bearing and Non-weight-bearing Sites in 

College Women. Jpn. J. Phys. Fitness Sports 

Med.48: 211-218  1999 (in Japanese with 

English abstract)

6) Yokouchi J., Ando D., et al.: Influence of 

Anthropometric Measures and Lifestyle-

related Factors on the Two-year Changes of 

Bone Mass in College-aged Women. Jpn. J. 

Phys. Fitness Sports Med. 55: 331-340　2006 

( in Japanese with English abstract)

7) Nishida H., Takemoto Y., et al.: Relationship 

of Bone Density for Females with Life Style 

for Two Years After Entering a Nursing 

College. Jpn. J. School Health 41: 12-20 1999 

( in Japanese with English abstract)

8) Ministry of Education, Culture, Sports, 

Science and Technology: The School Health 

Survey in Japan, 2007 http://www.e-stat.go.jp/

SG1/estat/List.do?lid=000001042118

9) Gluer C.C., Wu C.Y., et al.: Three Quantitative 

Ultrasound Parameters Reflect Bone 

Structure. Calcif. Tissue. Int. 55: 46-52 1994

10) Ministry of Health, Labour and Welfare: 

The National Health and Nutrition Survey in 



平成 23 年 4 月医学と生物学　第 155 巻　第 4 号

228

Japan, 2007. Dai-ichi Shuppan, Tokyo pp168 

2010

11) Gemalmaz A., Discigil G., et al.: Identifying 

osteoporosis in a primary care setting with 

quantitative ultrasound relationship to 

anthropometric and lifestyle factors. J. Bone 

Miner. Metab. 25: 184-192 2007 

12) Rossini M., Viapiana O., et al.: Quantitative 

Ultrasound in Adults with Cystic Fibrosis: 

Correlation with Bone Mineral Density and 

Risk of Vertebral Fractures. Calcif. Tissue Int. 

80: 44-49 2007

13) Fujiwara S., Sone T., et al.: Heel bone 

ultrasound predicts non-spine fracture in 

Japanese men and women. Osteoporos Int. 

16: 2107-2112 2005

14) Kim H., Tanaka K., et al.: Effect of Age and 

Body Composition on Rate of Bone Mineral 

Density Loss in Japanese Adult Women. Jpn. 

J. Phys. Fitness Sports Med. 48: 81-90 1999 

(in Japanese with English abstract)

15) Kroke A., Klipstein-Grobusch K., et 

al.: Influence of Body Composition on 

Quantitative Ultrasound Parameters of the Os 

Calcis in a Population-Based Sample of Pre- 

and Postmenopausal Women. Calcif. Tissue 

Int. 66: 5-10 2000

16) Yamada A., Kitagawa J., et al.: The 

Relationship Between Experience of Sports, 

Bone Metabolic Markers and QUS Index 

in University Women. J. Wayo Women’s 

University 48: 55-63 2008 (in Japanese with 

English abstract)

17) Miyabara Y., Onoe Y., et al : Effect of physical 

activity and nutrition on bone mineral density 

in young Japanese women．J Bone Miner 

Metab 25: 414-418 2007

18) Frost H. M. : Bone “Mass”�and the 

＂Mechanostat”: A Proposal．The Anatomical 

Record 219: 1-9 1987

19) Nakahara Y., Koike A., et al.: The Existing of 

QUS Parameters on the Immobile Japanese 

Elderly Over 75 Years of Age and Guidance 

of QUS Parameters. J. Wayo Women’s 

University 49: 23-36 2009 ( in Japanese with 

English abstract)

20) Miyamoto A., Shigematsu T., et al: Medical 

Baseline Date Collection on Bone and 

Muscle Change with Space Flight. Bone 22 

Supplement: 79S-82S 1998



平成 23 年 4 月医学と生物学　第 155 巻　第 4 号

229

成長期および大学在学中の運動経験が女子大学生の骨量変化に及ぼす影響
―縦断的研究―

要　旨
骨粗鬆症の予防には最大骨量 (Peak Bone Mass : PBM)を維持することが重要である。
骨量を維持するには運動が重要であるが、近年、若年女性の運動習慣減少が問題となっ
ている。そこで本研究では、女子大学生を対象に過去および大学在学中の運動習慣が骨
量変化に及ぼす影響を縦断的に検討した。134名（19.22± 0.29歳）の女子大学生を被験
者とし、右踵骨を超音波法（Lunar社，A-1000 EXPRESS）にて年 1 回、縦断的に測定
した。その結果、初年度、1 年後および 2 年後とも過去運動経験あり群はなし群に比
べ踵骨骨量 (Stiffness)が高値を示した（各 p<0.01、p<0.01、p<0.05）。骨量変化は過去
運動経験あり群が有意に低下した（p<0.001）。しかし、その中でも大学入学後も運動習
慣を有していた者は骨量を維持していた。このことから、運動は骨量維持の可能性が示
唆された。

キーワード： 超音波法、運動、骨量年間変化
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