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Abstract

This study compared the growth and development of the physique and physical fitness of young Japanese males who
belong to sports clubs and those who did not based on longitudinal data obtained over four years. Physique and
physical fitness tests were administered to 253 healthy male technical college students four times from the 9 to 12
grade. Subjects were divided into two groups: those who did not belong to an extra-curricular sports club (control
group: CG, n = 126), and those who belonged to sports clubs (exercise group: EG, n = 127). Sit-ups, side-stepping,
20 m shuttle run, 50 m run and handball throwing tests and a total score were superior in the EG compared to the CG.
Differences between the two groups in body mass, Rohrer’s index, six physical fitness tests (except for a handgrip
and 50 m run), and the total score increased with grade. The CG was inferior in overall physical fitness to the EG,
especially in whole body endurance. It is highly possible that sports club activities significantly and positively affect
the growth and development young males during the growth period under 19-years-old and that inactivity inhibits the
development of whole body endurance.
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1. Introduction

Physical fitness reaches its peak between childhood and adolescence. Therefore, it is important to sufficiently
develop physical fitness during this period as improvements generally contribute to overall fitness throughout youth
(Mikkelsson, Kaprio, Kautiainen, Kujala, Mikkelsson, & Nupponen, 2006; Beets, Beighle, Erwin, & Huberty, 2009,
Barnekow-Bergkvist, Hedberg, Janlert, & Jansson, 1998). Furthermore, to increase or maintain physical fitness, it is
necessary to perform moderate exercise (Huang & Malina, 2002). In junior high and high schools in Japan,
belonging to school sports clubs greatly contributes toward ensuring sufficient exercise time, and students belonging
to sports clubs have the priority usage of athletic facilities and equipment both during and after school (Miller, 2011).
In short, the environment necessary for performing exercise has been prepared in schools. In contrast, most students
who do not belong to sports clubs cannot access these facilities and equipment easily in schools owing to the fact that
they are occupied by club activities. In addition, sports clubs in Japan tend to focus strongly on competitions (Aoki,
2003). Hence, the percentage of students who avoid belonging to sports clubs, or quit clubs to avoid hard practice, is
very high (Yokota, 2002).

The above described situation may be different in many European countries such as Germany. In Europe, they have a
social sports system that is massive compared with Japan. Hence, students can choose various sports freely
(Heinemann, 1999). This difference in social structure may also greatly affect the growth and development of
physique and physical fitness of young people. Due to that fact that students who do not belong to sports clubs are
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reported to have a higher risk of developing cardiovascular diseases (Kawabe, Murata, Shibata, Hirose, Tsujioka,
Saito & Saruta, 2000), it is imperative to fully understand the physical fitness characteristics of young people from a
perspective of health and preventive medicine (Stone, McKenzie, Welk & Booth, 1998).

This study aimed to compare the growth and development of physical physique and fitness levels between young
Japanese males who belong to sports clubs or not based on longitudinal data obtained over four years.

This study set the following three hypotheses: First, students belonging to sports clubs are superior in physique to
those who do not belong to them. Second, students belonging to sports clubs develop superior fitness levels; however,
students who do not belong to sports clubs show little change or decreases in physical fitness during their growth.
Third, the effects of sports club activities on the development of physical fitness differ according to physical fitness
elements.

2. Method
2.1 Subjects

The subjects in this study included 253 male technical college students among 587 from the first to fourth grade
(15-19 years of age) who participated in physical fitness measurement continually for four years. Subjects were
divided into one of the following two groups based on a survey of sports club participation: those who did not belong
to an extra-curricular sports club, or control group (CG) (n = 126), and those who belonged to sports clubs for four
years, or exercise group (EG) (n = 127).

Table 1 shows the physique of both groups. Sports clubs of EG were as follows: track and field (n = 6), table tennis
(n = 8), basketball (n = 11), rugby (n = 4), soccer (n = 12), baseball (n = 16), volleyball (n = 11), badminton (n = 10),
tennis (n = 9), soft tennis (n = 9), judo (n = 2), kendo(Japanese fencing) (n = 8), handball (n = 6), softball (n = 6),
karate (n = 3), Shorinji Kempo (n = 5), and alpine ski (n = 1). Subjects participated in sports clubs two to seven days
per week and practiced about two hours daily.

Before measurement, the purpose and procedure of the study were explained in detail to all participants and written
informed consent was obtained. This experimental protocol was approved by the Ethics Committee on Human
Experimentation of the Faculty of Education, Kanazawa University (N0.19-4).

2.2 Physique Measurement and Physical Fitness Tests

Height, body mass, and Rohrer’s index were selected as indices of physique characteristics. The Ministry of
Education, Culture, Sports, Science and Technology (MEXT) physical fitness test was selected to evaluate each
subject’s physical fitness (The Ministry of Education, Culture, Sports, Science and Technology, 2000).

The physical fitness evaluation consists of eight tests: grip strength (strength), sit-ups (muscle endurance), sit and
reach (flexibility), side-stepping (agility), 20 m shuttle run (whole endurance), 50 m run (speed), standing broad
jump (lower body power), and handball throwing (upper body power). They were performed according to the
enforcement method recommended by MEXT for physical fitness tests. Based on the score table provided by MEXT,
the records of each test were converted into a scale of 0-10 and the total score was used as the general physical
fitness evaluation value.

The physical fitness test was performed four times from the first grade to fourth grade during regular classes of
health and physical education from early April to early June by experienced and expert physical fitness teachers.

2.3 Statistical Analysis

Two-way repeated measures analysis of variance (ANOVA) (2 x 4: participation condition of sports club x grades)
was used to reveal the mean differences for each variable. When a significant interaction or main effect was found, a
multiple comparison test was conducted using Tukey’s honestly significant difference method. In addition, regression
and intercept coefficients were calculated using the means for four years in both groups and their significant
differences were tested. p < 0.05 was considered to be significant.

3. Results

Table 1 shows the characteristics of physique for both groups and Table 2 shows the results of two-way ANOVA
(participation condition of sports club x grade), coefficients and intercept of the regression analysis and their
significant test, and the results of significance tests between coefficients and intercepts of both groups. Significance
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was found in a grade factor for all physique variables and results of a multiple comparison test showed that they
increase with grade. Regression equation of body mass in both groups and Rohrer's index in EG was significant.
Significant differences were found between regression coefficients of body mass and Rohrer's index of both groups.

Table 1: Two-way ANOVA of (participation condition of sports club x grade) and the Regression Analysis of
Physique

CG (N=126) EG (N=127) regression analysis
Mean SD Mean SD F-value p-value Tukey's HSD regression intercept
1 st 169.1 4.67 169.5 534 Fi1 0.40 051  CG, EG: 1<2<3 4 CG 0.72 168.75 *
height 2 nd 170.6 5.02 171.0 522 F2  209.40 0.00 * EG 0.77 169.05 *
(em) 3rd 171.2 5.24 1715 5.23 IN 1.00 0.41 significant difference -0.90 -0.03
4 th 1713 528 171.9 5.30
1st 58.6 9.57 59.0 9.31 F1 1.40 0.24 CG: 1€2,3<4 CG 1.05 * 57.85 *
body mass 2 nd 60.4 9.23 61.5 878 F2 160.50 0.00 * EG: 1<2<3<4 EG 1.54 * 57.90 *
(ke) 3rd 61.0 9.22 62.8 8.70 IN 7.00 0.00 * significant difference -16.86 * -0.03
4 th 61.9 8.95 63.7 8.70
1st 20.5 3.46 20.5 2.79 F1 0.52 0.47 CG: 1,2<3,4 CG 0.18 20.35 *
BMI 2 nd 208 3.45 21.0 2.57 F2 50.34 0.00 * EG: 1<2<34 EG 0.33 * 20.25 *
3rd 208 3.41 213 242 IN 5.24 0.00 * significant difference -1.07 0.03
4 th 211 3.25 215 252

F1:whether belongs to a sports club, F2: grade, IN: interaction

Table 2: Two-way ANOVA (participation condition of sports club x grade) and the Regression Analysis of Physical
Fitness

CG (N=126) EG (N=127) regression analysis
test unit  grade Mean SD Mean SD F-value  p-value Tukey's HSD regression intercept
1st 405 6.85 413 7.18 F1 3.63 0.06 EG: 1<2,3<4 CG 128 * 39.55 *
2nd 426 6.61 44.1 7.04 F2 93.41 0.00 * CG:1<23.4 EG 164 * 40.10 *
grip strength ke
3rd 434 6.53 449 6.74 IN 1.60 0.19 significant difference -0.90 -0.03
4 th 445 6.27 46.5 6.21
1st 46.0 9.18 46.7 8.62 F1 227 0.13 EG: 1<2,3<4 CG 098 * 4525 *
2 nd 474 9.90 48.7 8.67 F2 27.28 0.00 * CG: 1<34 EG 158 * 4525 *
sit and reach cm
3rd 485 9.13 498 9.13 IN 1.77 0.15 significant difference  -16.86 * -0.03
4 th 489 8.97 516 8.73
1st 26.7 5.06 296 5.03 F1 39.50 0.00 * EG: 1<2,3<4 CG 0.42 26.15 *
2nd 269 4.97 305 537 F2 28.60 0.00 * CG: 1,2<4 EG 085 * 28.80 *
sit-ups time
3rd 272 524 315 4.65 IN 4.36 001 * 1234: CG < EG significant difference -7.84 *x -1.72
4 th 280 573 321 4.91
1st 526 543 56.3 4.48 F1 61.31 000 * EG, CG: 1<2<3,4 CG 112 * 51.85 *
2nd 544 5.38 58.1 4.65 F2 82.20 0.00 * 1234: CG < EG EG 137 * 55.20 *
side-stepping  time
3rd 557 4.80 59.8 412 IN 0.81 0.49 significant difference -9.34 * -222 *
4 th 559 4.92 60.3 4.29
1st 76.6 17.76 90.6 19.80 F1 75.67 0.00 * EG: 12,34 CG -0.51 76.80 *
2 nd 75.1 15.59 944 19.83 F2 3.05 0.03 * 1,2,34: CG < EG EG 1.21 90.75 *
20-m shuttle run  time
3rd 757 16.00 96.0 19.85 IN 7.30 000 * significant difference  -17.50 * -1.82
4 th 747 15.80 94.1 20.49
1st 79 0.59 77 0.45 F1 35.92 0.00 * EG: 1>34 CG -0.40 8.00 *
2nd 8.0 0.57 76 0.47 F2 11.58 000 * CG: 1,2>4 EG -0.70 775 *
50-m run s
3rd 79 0.53 75 0.45 IN 2.14 0.09 1234:EG < CG significant difference 0.20 0.02
4 th 78 0.50 75 0.43
1st 2158 24.11 2219 18.34 F1 5.58 002 * EG: 1<2,3<4 CG 298 21420 *
2nd 2212 2115 226.2 15.69 F2 45.25 000 * CG: 12,4<3 EG 311 * 219.25 *
standing broad jump  ¢m
3rd 2252 2084 2285 16.85 IN 1.86 013 significant difference  —10.36 * -1.79
4 th 2244 2218 2315 17.69
1st 213 459 25.1 4.90 F1 42.91 0.00 * EG: 1,2<3<4 CG 0.60 21.00 *
2nd 226 5.00 259 4.87 F2 36.55 0.00 * CG: 1234 EG 070 * 2445 *
handball throwing m
3rd 229 535 26.6 479 IN 1.03 0.38 1,234: CG < EG significant difference -1.89 -2.68 *
4 th 232 5.55 272 4.47
1st 456 8.48 515 7.32 F1 57.60 0.00 * EG: 1<2<3<4 CG 141 x 4445 *
2nd 475 8.25 545 7.24 F2 179.70 000 * CG: 1<2<3 4 EG 212 * 49.80 *
total score point
3rd 490 829 56.5 7.06 IN 7.30 0.00 * 1234: CG < EG significant difference  -55.78 * -8.35 *
4 th 498 8.35 579 7.11

Fl:participation condition of sports club, F2: grade,IN: interaction
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Significant interaction was found in sit-ups and 20 m shuttle run tests and a total physical fitness score and results of
a multiple comparison test showed that the EG was superior to the CG in all grades. In addition, the sit-ups test and a
total score increased with grade in both groups; however, the 20 m shuttle run test was larger in the second to fourth
grades than the first grade only in the EG.

A significant main effect in both factors was found in side-stepping, 50 m run, standing broad jump and handball
throwing tests. A multiple comparison test showed that the EG was superior in all tests except for the standing broad
jump test to the CG in all grades, and the means of the former two tests increased with grade in both groups. The
handball throwing test increased with grade in the EG, but stagnated after the second grade in the CG. No significant
difference was found in standing broad jump test between both groups in all grades; however, the mean of both
groups increased with grade.

A significant main effect in a grade factor was found in grip strength and sit and reach tests, and their means
increased with grade. Regression equations in grip strength, sit and reach, and side-stepping tests, and total score of
both groups, and sit-ups, standing broad jump, and handball throwing tests of EG were significant. In addition,
significant differences were found between regression coefficients of sit and reach, sit-ups, side-stepping, 20 m
shuttle run, standing broad jump tests, total score, and between intercepts of side-stepping, handball throw tests, and
total score in both groups.

4. Discussion

In this study, we compared physique and physical fitness between two groups of young Japanese males who belong
to sports clubs or not based on longitudinal data over four years. No significant differences were found in height,
body mass and Rohrer’s index between both groups, and in both groups these values increased with grade; however,
body mass and Rohrer’s index showed a greater tendency in the EG. In short, it is considered that sport clubs
activities affect body mass and Rohrer’s index, but do not influence height. Kawabe et al. (2000) reported that the
percentage body fat (%BF) of an exercised sample was significantly lower than that of a control group. Consequently,
it is inferred that an increase of body mass in the EG is the result of an increase in muscle volume without an
increase of body fat.

Although there were no differences in physique between the EG and CG in the first grade, there were significant
differences in physical fitness, and these differences became more pronounced with increasing grade. In addition,
most of the students in the EG in the first grade previously belonged to sport clubs during junior high school
(between the ages of 12-15 years), whereas many of the CG had never been members of sports clubs. Hence, it is
inferred that the above effect showed a difference in physical fitness between both groups in the first grade. In
particular, the 20 m shuttle run test showed a largely different developmental trend between both groups. Whole
body endurance is closely related to aerobic ability and develops markedly during 12-15 years if age (Armstrong &
McManus, 2011). It is very likely that students who belong to sports clubs during this period develop more
endurance due to exercise stimuli than students who did not belong to sport clubs.

In contrast, it is noted that whole body endurance of the CG developed little with grade in spite of the marked
development period of physical functions. Aerobic exercises such as jogging or swimming which stimulate
cardiorespiratory function must be intentionally performed because they seldom occur in daily life. Although the age
level of 15-19-years-old is the marked development period of physical functions, whole body endurance may not
develop unless the individual is regularly receiving endurance exercise stimuli.

In addition, sit-ups (muscle endurance) and side-stepping (agility) tests showed marked difference in the first grade.
Unlike whole endurance, both developed after the first grade in both groups; however, the development difference
increased with grade. The development of muscle function is fully achieved after 15 years of age (Demura, 2011).
Hence, it is inferred that development was also found in the CG. To further develop muscle endurance, continued
exercise with a high load is required. However, even young people perform little such exercise in daily life.

The side-stepping test demands that subjects repeat rapid successive movements for 20 seconds. Due to the fact that
such movements are performed very little in daily life, it would be expected that little improvement would occur
during regular growth and development unless similar tasks were performed intentionally and regularly. Continuous
exercise with intensity over a certain level would be necessary to develop whole endurance and muscle endurance.

Although 50 m run (speed), handball throwing (upper body power), and standing broad jump (lower body power)
tests are all related to power, the development process with grade differed according to each test. In short, 50 m run
and handball throwing tests showed a difference between both groups in the first grade and remained it until the
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fourth grade. It is considered that exercise experience during the junior high school period (under 15 years) affected
results. In contrast, the standing broad jump test did not show effect of belonging to sports clubs in the first grade,
but develop afterwards was and was superior in the EG to the CG. In any case, similar to the other physical fitness
elements, it is considered that power development in the EG is larger and it reaches a higher level over time.
Although the sit and reach (flexibility) test was similar between both groups at the first grade, EG showed significant
improvements afterwards. Athletes increase the ranges of motion of joints through warm-up and stretching to prevent
injury (McClure, Balaicuis, Heiland, Broersma, Thorndike, & Wood, 2007; Malliaropoulos, Papalexandris, Papalada,
& Papacostas, 2004). Hence, it is expected that flexibility among the EG may develop. In the present study,
flexibility improved in both the EG and CG, the EG predictably showed superior results. Entering into the second
growth phase, muscle mass and bone length in males increase markedly (Armstrong & McManus, 2011; Shelley &
Peter, 2005). Accordingly, the increase induces an increase of muscle tension; unless athletes perform stretching
exercises regularly and endeavor to increase ranges of maotion, flexibility is limited (Michael, 2004). Stretching
exercises to increase flexibility (Decoster, Cleland, Altieri and Russell, 2005) such as are performed in sports clubs
are little performed in daily life. In addition, in physical education in Japan, the duration of teaching was extremely
short for the improvement of flexibility (i.e., only 5-10 h in three years during high school) (Aoki, 2008). Hence, it is
considered that the CG developed little flexibility.

Grip strength (static strength) did not show any difference between both groups. Gerodimos et al. (2013) reported
that handgrip strength was similar in wrestlers and controls in the younger age groups (i.e., in children and young
adolescents). The period of 15- to 19-years-old corresponds to the second growth period in males (Shelley & Peter,
2005). Handgrip is used frequently in daily life. Therefore, it is not unexpected that grip strength may develop to
some extent even among students who did not belong to sports clubs.

It is suggested that belonging to sports clubs until 19 years of age, including junior high school, affects the
development and maintenance of physical fitness among Japanese males. Further, students who do not belong to
extra-curricular sports clubs display an inferior tendency in overall physical fitness. It has been reported that
belonging to sports clubs affects also %BF, blood pressure, and fat metabolism of young males in addition to
physical fitness (Kawabe et al., 2000). A decrease of physical activity is significant problems that lead lifestyle
related diseases such as hypertension, diabetes, and hyperlipemia in adulthood (Anderssen, Jacobs, Sidney, et al.
1996). The aforementioned physiological change has a high probability of affecting the health of students who do not
participate in sports clubs because it is highly related to whole body endurance which was distinctive in this study.

To solve these problems, in Japan, it will be necessary to proceed at the same time by enriching the social sport
system and improving the curriculum content of physical education in schools.

5. Conclusion

In conclusion, physique and physical fitness levels of young Japanese male students are greatly affected by
belonging to sports clubs for four years between the ages of 15- to 19-years-old. In particular, whole body endurance
develops little in students who do not perform sports club activity even during adolescence. In addition, body mass,
body bulk (Rohrer’s index), flexibility, muscle endurance, agility, speed, and power (jumping, and throwing ability)
increase growth and development difference with age between students who belong to sports clubs and those who do
not. Performing and continuing exercise in adolescents is very important for encouraging growth and development of
their physique and physical fitness.
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