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ABSTRACT

Exercise improves physical health and positively impacts physical functions in children. Additionally, 
the habitual exercise established during childhood often continues into adulthood. Therefore, childhood 
is an important period for establishing healthy habits. Investigating the relationship between the presence 
or absence of daily exercise and physical functions may provide important information to confirm poor 
physical function in children with poor exercise habits. Therefore, this study examined the relationship 
between exercise habits as defined by the Japanese Ministry of Health, Labor, and Welfare and physical 
function in children aged 9–12 years. Approximately 239 children were included in this study. Participants 
answered a questionnaire about their exercise habits. We evaluated the skeletal muscle mass index, grip 
strength, standing broad jump, one-leg standing time, and gait deviation index. Logistic regression analyses 
were performed to assess exercise habit association with skeletal muscle mass index, physical function, and 
gait deviation index after adjusting for sex. Of the 239 children, 75.5% (n = 178) had exercise habits. A 
significant association was noted between exercise habits and skeletal muscle mass index and standing broad 
jump (skeletal muscle mass index: OR, 1.84; 95% CI, 1.01–3.36 and p<0.05; standing long jump: OR, 
1.02; 95% CI, 1.00–1.04 and p<0.05). In conclusion, exercise regardless of exercise level for at least 30 
min per day, 2 days per week, for at least 1 year is important for skeletal muscle mass and instantaneous 
lower limb muscular strength development in school-aged children.
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INTRODUCTION

Habitual exercise is important for children to maintain physical health.1,2 Exercise improves 
physical health and positively impacts physical functions in children.3 Therefore, it is important 
to make exercise a habit. The habitual exercise established during childhood often continues into 
adulthood.4 Therefore, childhood is an important period for establishing healthy habits. Children 
are less likely to participate in sports and spend more time indoors. Children without established 
exercise habits are more likely to have lower physical function than those with established 
exercise habits; Furthermore, they are at risk of physical health problems.5

According to a previous study, “exercise for 30 min or more per session for at least 2 days 
a week” was reported to be the minimum necessary to improve motor function.6 In Japan, the 
Ministry of Health, Labor and Welfare defined an exercise habit as “exercising for 30 min or 
more, at least 2 days a week, and continuing for at least 1 year”. In 2021, a survey was con-
ducted to determine the percentage of Japanese children habitually exercising at the after-school 
sports club. They found that 34.7% of boys and 52.1% of girls did not exercise habitually.7 
However, this survey did not assess the relationship between daily exercise habits and muscle 
function, balance function, and gait quality. Also, physical activity guidelines in the US and 
UK recommend that children and adolescents engage in moderate to vigorous physical activity 
(MVPA) for at least 60 min per day, 5 days per week.3,8 Japanese children who perform the 
recommended MVPA levels were reported to have significantly higher skeletal muscle mass index 
(SMI), balance function, and gait quality than those who perform substandard MVPA levels.5 
Thus, it is easy to expect that exercise habits with MVPA affect physical function.

Muscle function, balance function, and gait quality are physical functions. These abilities can 
be assessed using methods such as grip strength, an indicator of total muscle strength; gait quality, 
an indicator of gait ability; the standing broad jump (SBJ), an indicator of instantaneous lower 
limb muscular strength; SMI, an indicator of muscle mass; and one-leg standing time (OLST), 
an indicator of postural and balance control. Therefore, investigating the relationship between 
the presence or absence of daily exercise habits with MVPA and these physical functions may 
provide important information to confirm poor physical functions in children who do not have 
good exercise habits. Furthermore, no research has focused on children’s exercise habits in Asia.

The nervous system development is complete at ages 9–12 years, referred to as the “golden 
age” of physical activity. This is an important period in physical function development. Moreover, 
many children in the higher elementary school grades participate in after-school sports club activi-
ties in Japan. Although some children had previously acquired exercise habits, we can assume 
that many acquire exercise habits through after-school sports club activities. It is important to 
evaluate physical activity, including walking and playing, between 9 and 12 years.

Furthermore, exercise habits focus on exercise, not walking or playing, with the criterion that 
they must have continued to exercise for at least 1 year. If it can be clarified whether physical 
function is affected by with or without exercise habits and the level of exercise/physical activ-
ity, it may be said that increasing exercise habits at a certain level of exercise/physical activity 
would help children’s physical function development. We hypothesize that exercise habits with 
MVPA affect physical function. The primary study question examined the differences in physical 
function between children with and without exercise habits. The second study question examined 
differences in motor function between children with and without MVPA among children with 
exercise habits.
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MATERIALS AND METHODS

Study population
A population-based study (Okazaki Child Medical Check-up for Physical Function) was 

performed between January 2018 and April 2021. Elementary school children aged 9–12 years 
from Okazaki City were selected to participate in the medical check-up study. The exclusion 
criteria were as follows: orthopedic, neurological, cardiovascular, auditory, respiratory, or ophthal-
mologic abnormalities that might affect the clinical measurement results; previously diagnosed 
developmental disabilities such as autism spectrum disorder and attention deficit hyperactivity 
disorder; Raven’s Colored Progressive Matrices substandard score; and the Picture Vocabulary 
Test-Revised (Nihon Bunka Kagakusha Co, Ltd, Tokyo, Japan), which indicates intellectual dis-
abilities. An orthopedic surgeon evaluated the malalignment by physical examination, although 
the malalignment was not diagnosed as an orthopedic disease. Participants who met one of the 
exclusion criteria were excluded. Twenty children were excluded, and 239 were enrolled.

This study was approved by the Ethics Committee of the Aichi Prefectural Mikawa Aoitori 
Medical and Rehabilitation Center for Developmental Disabilities (IRB approval number 29002). 
Written informed assent and consent were obtained from all participants and their parents before 
inclusion. This study complied with the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.

Measurement of variables
Exercise habits. The participants answered a questionnaire about their exercise habits. The 

Ministry of Health, Labor, and Welfare defined exercise habits as “exercise for 30 minutes or 
more for at least 2 days a week, which has continued for 1 year or more”7. In addition, exercise 
duration excluded physical education duration at school. We divided the participants into two 
groups: children with and without exercise habits.

Skeletal muscle mass index. A multi-frequency bioelectrical impedance analyzer (MC-780; 
Tanita, Tokyo, Japan) was used to measure appendicular SMI. Following the instruction manual, 
measurements were performed in the appropriate posture. The participants stood with the front 
and back of the sole placed on the electrodes, grabbing the electrodes. The grasped electrodes 
brought the palms of both hands in contact with the thumbs. They then stood with their up-
per limbs extended and spread out to avoid skin contact. Measurements were performed by a 
well-trained physical therapist or research assistant and were completed within 15 s. SMI score 
was calculated as appendicular skeletal muscle mass divided by height squared. Multifrequency 
bioelectrical impedance analysis was used to determine the relationship between electrical resis-
tance volume and the conductor. This analysis uses multiple frequencies to distinguish between 
extracellular and intracellular fluids to estimate whole-body water contact.9 This device has been 
demonstrated to be non-invasive and valid. It is used to evaluate muscle development and muscle 
cross-sectional areas of children.10 The SMI is necessary for assessing children’s and adolescents’ 
development.11 As described in the instruction manuals, bioelectrical impedance analysis was 
performed 2 h after meals.

Moderate to vigorous physical activity. The Japanese version of the World Health Organiza-
tion Health Behavior in School-Aged Children was used to assess MVPA levels.12 Participants 
answered questions about their physical activity levels. The questionnaire is “Over the past 7 
days, on how many days were you physically active for a total of at least 60 minutes per day?” 
Furthermore, this physical activity is any activity that increases your heart rate and makes you 
get out of breath some of the time12. In the questionnaire, those who performed 60 min of 
MVPA per day five times a week were considered to have the recommended MVPA level.3,8
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Grip strength. An adjustable Smedley-type handheld dynamometer (GRIP-D; Takei Ltd, 
Niigata, Japan) was used to measure grip strength. The measured value represented the average 
grip strength of both hands.5,13,14 The measurement was performed in the sitting position. The 
participants were instructed to set the shoulder joint abduction and elbow joint extension position 
and forearm and articulation manus in the neutral position.15,16 Each measurement was conducted 
once. First, the dominant hand’s grip strength was measured, followed by that of the non-
dominant hand. The participants were instructed to hold the measuring part as hard as possible 
for 5 s. In addition, during the measurements, participants were provided verbal encouragement. 
Before the evaluation, a mock measurement was performed to encourage learning.17

Standing broad jump. The SBJ was measured while the subject was barefoot. Participants 
stood with their feet slightly apart, keeping them out of the starting line. We then instructed 
the subjects to jump with both feet simultaneously as far as possible.18 The distance from the 
starting line to the landing point was measured. The landing point refers to the position of the 
heel closer to the starting line. The participants were informed that resting at the landing point 
was not necessary. The measurement was taken twice, and the longer distance was used as 
the measurement value. Participants waved their hands when taking off, allowing them to use 
recoil.14 In addition, during the measurements, the participants were provided oral support.17 SBJ 
represents instantaneous lower limb muscular strength.19

One-leg standing time. The OLST was used to assess the participants’ static balance.18 With 
their eyes open, the participants were instructed to put their hands on the hip and lift one leg off 
the floor. In addition, they were instructed to ensure the raised leg did not touch the other leg. 
The end condition was set as when the raised leg touched the floor, when it touched the stance 
side leg, or when the balance was maintained for 120 s. The measurement was performed twice. 
The longer time was used as the measured value, and the average value on the left and right was 
used.5,20 This test is reliable in children.21 Furthermore, OLST is suitable for assessing balance 
ability.18 Balance function assessment is one of the most necessary in physical function tests.5,18,22

Gait deviation index. Gait deviation index (GDI) is an important indicator of overall gait 
pattern using numerical values. It was calculated using a three-dimensional gait analysis device.23 
For motion analysis, a three-dimensional motion analysis system manufactured by VICON 
(MX-T 20S; Vicon, Oxford, UK), a force plate (AMTI, Advanced Mechanical Technology, Inc, 
Watertown, MA, USA), eight optical, infrared cameras, two video cameras, and reflective markers 
were used. The plug-in-gait (December 2018 to March 2020) and conventional gait models 2.3 
(June 2020 to April 2021) were used to measure gait by placing markers on the lower body.24,25 
The lower limb movement during gait was captured in three dimensions by taking pictures 
with an optical, infrared camera. In this method, the subjects were instructed to walk barefoot 
comfortably on a 6-meter auxiliary walkway and a 2-meter force plate. Each trial consisted of 
right and left walking cycles, and the average of the three cycles was used to calculate the 
value.5,13 The GDI is that Schwartz et al developed a comprehensive index of gait pathology 
in 2008. This provides numerical values indicating overall gait pathology. The reference value 
is 100 points. Every 10-point decrease in the GDI corresponds to one standard deviation from 
the mean of healthy controls.23 Recent studies have also established reference values in children 
aged 6–12 years in Japan.26

Sample size
We used G*Power (Heinrich Heine University Düsseldorf, Düsseldorf, Germany)27,28 to de-

termine the sample size required to perform a two-tailed Mann–Whitney U test. The statistical 
power of 0.8, alpha error of 0.05, allocation ratio of 0.43, and effect size of 0.5 were assumed. 
The required sample size was 160.7
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Statistical analyses
The distribution normality for each variable was confirmed using the Shapiro–Wilk test. 

Demographic characteristics, grip strength, SBJ, OLST, and GDI scores were compared between 
the two groups. Sex was analyzed using the chi-squared test. Where appropriate, participant 
data were expressed as medians (range) or means (standard deviations) and were compared 
using the Mann–Whitney U test or independent t-test. In addition, logistic regression analysis 
was conducted with exercise habits as the dependent variable; SMI, grip strength, SBJ, OLST, 
and GDI as the independent variables; and sex as the adjusted variable. As a sub-analysis, the 
relationship between exercise habits and physical activity assessed by MVPA level was analyzed 
using the chi-squared test.

Further analysis was conducted to investigate how MVPA, in addition to exercise habits, affects 
physical function. The analysis was divided into three groups: a group that did not have exercise 
habits and did not perform the recommended MVPA levels, a group that had exercise habits 
but did not perform the recommended MVPA levels, and a group that had exercise habits and 
performed the recommended MVPA levels. Two subjects who did not fit into these groupings 
were excluded. Sex was analyzed using the chi-squared test. Where appropriate, participant data 
were expressed as medians (range) or means (standard deviations) and were compared using the 
Kruskal–Wallis test or one-way analysis of variance. In addition, items that showed significant 
differences were analyzed using Bonferroni’s multiple comparison test. Significance was set 
at p-values <0.05. All statistical analyses were performed using IBM SPSS Statistics software 
(version 24.0; IBM Corp, Armonk, NY, USA).

RESULTS

Of the 239 children, 75.5% (n = 178) had exercise habits. Regarding the demographic 
characteristics, no significant differences were observed between the children with and without 
exercise habits (Table 1).

Table 1  Demographic characteristics

Children with exercise habits
(n=178)

Children without exercise habits
(n=61)

p-value

Age (years) 11 (9 – 12) 11 (9 – 12) 0.73a

Height (m) 1.43 ± 0.09 1.43 ± 0.09 0.65b

Weight (kg) 32.8 (22.4 – 74.4) 34.3 (23.6 – 59.6) 0.86a

BMI (kg/m2) 16.49 (12.91 – 28.95) 16.59 (12.32 – 29.60) 0.63a

Sex: boys/girls (n) 88/90 25/36 0.25c

Malalignment (yes/no) 29/149 8/53 0.55c

BMI: body mass index 
Data are presented as means ± standard deviations or medians (ranges). 
a using the Mann–Whitney U-test
b using the independent t-test
c using the chi-square test
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Children without exercise habits had a lower SMI (p < 0.01) than those with exercise habits 
(Table 2). The item that showed a significant difference in physical function was SBJ (p<0.01). 
There were no significant differences in sex, grip strength, OLST, and GDI scores.

Logistic regression analysis showed that exercise habits were significantly associated with SMI 
and SBJ (SMI: OR, 1.84; 95% CI, 1.01–3.36 and p<0.05; SBJ: OR, 1.02; 95% CI, 1.00–1.04 
and p<0.05). No significant associations were found with the other items (Table 3).

Table 2  SMI and physical function outcomes

Children with exercise habits 
(n=178)

Children without exercise habits 
(n=61)

p-value

SMI (kg/m2) 6.1 (4.44 – 8.48) 5.74 (4.92 – 8.29) <0.01a

Grip strength (kg) 15.15 (7.20 – 33.00) 14.40 (8.85 – 26.50) 0.12a

SBJ (cm) 157 (110 – 207) 143 (118 – 195) <0.01a

OLST (s) 120 (24.82 – 120) 120 (11.85 – 120) 0.07a

GDI (points) 95.93 ± 7.85 95.53 ± 7.01 0.73b

SMI: skeletal muscle mass index
SBJ: standing broad jump
OLST: one-leg standing time
GDI: gait deviation index
Data are presented as means ± standard deviations or medians (ranges). 
a using the Mann–Whitney U test
b using the independent t-test

Table 3  Relationship between exercise habits and examination items

Variables Odds ratio (95%CI) p-value

Sex 0.90 (0.44 – 1.82) 0.76

SMI 1.84 (1.01 – 3.36) <0.05

Grip strength 0.99 (0.90 – 1.08) 0.76

SBJ 1.02 (1.00 – 1.04) <0.05

OLST 1.01 (1.00 – 1.02) 0.06

GDI 0.99 (0.95 – 1.03) 0.62

CI: confidence interval
SMI: skeletal muscle mass index
SBJ: standing broad jump
OLST: one-leg standing time
GDI: gait deviation index
Logistic regression analysis was conducted with exercise habit as the dependent variable; skeletal muscle 
mass index, grip strength, standing broad jump, one-legged stance time, and gait deviation index as 
the independent variables; and sex as the adjusted variable.
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The sub-analysis showed a significant difference in physical activity levels between the exercise 
habit groups (p<0.0001, Table 4).

Of the 237 children, 51.1% (n = 121) had exercise habits and performed the recommended 
MVPA levels. Regarding the demographic characteristics, there was a significant difference in 
the malalignment (p<0.01, Table 5). The malalignment in the group that met both exercise habits 
and MVPA was 12 participants (flat foot (2), leg length difference (4), scoliosis (2), limited 
ankle range of motion (4)). The malalignment in the group that had exercise habits and did not 
meet MVPA was 17 participants (flat foot (3), leg length difference (6), scoliosis (3), limited 
ankle range of motion (2), knee hyperextension (2), hallux valgus (1)), and the malalignment in 

Table 4  Relationship between exercise habits and the recommended MVPA levels

Performing the recommended MVPA levels
Exercise habits

p-value
Yes No

Yes (n=123) 121 2 <0.0001

No (n=116) 57 59

MVPA: moderate to vigorous physical activity
The relationship between exercise habits and physical activity assessed by MVPA level was analyzed 
by chi-square test.

Table 5  Demographic characteristics among the three groups

Exercise habits (+), 
MVPA (+) 

(n=121)

Exercise habits (+), 
MVPA (–) 

(n=57)

Exercise habits (–), 
MVPA (–) 

(n=59)
p-value

Age (years) 11.17 (9.17 – 12.75) 11.33 (9.00 – 12.67) 11.75 (9.25 – 12.83) 0.89a

Height (m) 1.43 ± 0.09 1.42 ± 0.09 1.44 ± 0.09 0.87b

Weight (kg) 32.7 (22.9 – 61.9) 33.4 (22.4 – 74.4) 34.3 (23.6 – 59.6) 0.94a

BMI (kg/m2) 16.48 (12.91 – 28.11) 16.67 (14.14 – 28.95) 16.59 (12.32 – 29.60) 0.75a

Sex 
(male/female)

62/59 26/31 23/36 0.30c

Malalignment
(yes/no)

12/109# 17/40* 6/53 <0.01c

BMI: body mass index
MVPA: moderate to vigorous physical activity
Data are presented as means ± standard deviations or medians (ranges). 
a using Kruskal-Wallis test
b using one-way analysis of variance
c using the chi-square test
Those who have exercise habits are represented by exercise habits (+), and those who do not have 
exercise habits are represented by exercise habits (–). Furthermore, those that meet the MVPA are 
represented by MVPA (+) and those that do not meet the MVPA are represented by MVPA (–).
#: p<0.05 vs exercise habits (+) MPVA (–) using Bonferroni’s multiple comparison test.
*: p<0.05 vs exercise habits (–), MVPA (–) using Bonferroni’s multiple comparison test.
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the group that did not meet both exercise habits and MVPA was 6 participants (flat foot (2), 
leg length difference (2), limited ankle range of motion (1), knee hyperextension (1)). The rate 
of malalignment was significantly higher in the group with exercise habits and did not meet 
MVPA (p<0.05, Table 5).

Table 6 shows the relationship between SMI and physical function among the three groups. 
Significant differences in SMI and SBJ and OLST were found between the groups that met both 
exercise habits and MVPA and those that did not meet both (SMI: p<0.01, SBJ: p<0.01, OLST: 
P<0.05, Table 6). As for GDI, significant differences were shown in the groups that differed in 
whether the MVPA was met (p<0.01, Table 6). No significant differences were identified for SMI 
and SBJ, and OLST in the groups differed in whether the MVPA was met. Thus, in a sub-analysis 
between the three groups, the group meeting exercise habits and MVPA had significantly higher 
SMI, SBJ, and OLST results than the group that did not meet them.

DISCUSSION

This study showed that exercise habits were significantly related to SMI and SBJ. Children 
without exercise habits may have shorter SBJ and lower SMI than those with exercise habits. 
These findings suggest that children without exercise habits are likelier to have lower leg muscle 
strength and skeletal muscle mass than those with exercise habits.

In this study, 75.5 percent of the children had exercise habits. According to a previous study, 
the percentage of adults with exercise habits was 36%.28 According to data from the Ministry 

Table 6  SMI and physical function outcomes among the three groups

Exercise habits (+),  
MVPA (+) 

(n=121)

Exercise habits (+),  
MVPA (–) 

(n=57)

Exercise habits (–),  
MVPA (–) 

(n=59)
p-value

SMI (kg/m2) 6.11 (4.44 – 8.22)* 6.01 (5.07 – 8.48) 5.74 (4.92 – 8.29) <0.01a

Grip strength (kg) 15.15 (8.60 – 26.40) 15.05 (7.20 – 33.00) 14.40 (8.85 – 26.50) 0.33a

SBJ (cm) 159 (110 – 207)* 151 (110 – 205) 143 (118 – 195) <0.01a

OLST (s) 120 (37 – 120)** 120 (24.82 – 120) 120 (11.85 – 120) 0.01a

GDI (points) 97.11 ± 7.07# 93.42 ± 7.62 95.62 ± 7.07 0.01b

MVPA: moderate to vigorous physical activity
SMI: skeletal muscle mass index
SBJ: standing broad jump
OLST: one-leg standing time
GDI: gait deviation index
Data are presented as means ± standard deviations or medians (ranges). 
a using Kruskal-Wallis test
b using one-way analysis of variance
Those who have exercise habits are represented by exercise habits (+), and those who do not have 
exercise habits are represented by exercise habits (–). Furthermore, those that meet the MVPA are 
represented by MVPA (+) and those that do not meet the MVPA are represented by MVPA (–).
*: p<0.01 vs exercise habits (–), MVPA (–) using Bonferroni’s multiple comparison test.
**: p<0.05 vs exercise habits (–), MVPA (–) using Bonferroni’s multiple comparison test.
#: p<0.01 vs exercise habits (+) MPVA (–) using Bonferroni’s multiple comparison test.
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of Health, Labor, and Welfare in Japan, 33.4% of adult men and 25.1% of adult women have 
exercise habits.29 These results indicate that a higher percentage of children have exercise habits 
than adults. One of the factors contributing to this is the after-school club activities, which 
provide children with more opportunities to exercise than adults. The percentage of children 
without exercise habits was 24.5%. A previous study reported that 7.6% of boys and 13.0% of 
girls exercised <60 min per week.30 We can infer that many children do not secure sufficient 
exercise habits. In addition, Matthijs et al reported that exercise habits acquired during childhood 
often continue into adulthood.4 Therefore, poor exercise habits during childhood may lead to 
serious health problems in adulthood.

This study also showed that children with exercise habits had significantly higher skeletal 
muscle mass. A previous study reported that children with recommended MVPA levels had sig-
nificantly higher skeletal muscle mass.6 Inactive children may develop sarcopenia.31 These findings 
indicate that it is important to have exercise habits from school-age onwards. Furthermore, low 
skeletal muscle mass is associated with the risk of reduced bone mass during childhood.32 It has 
also been reported that low skeletal muscle mass is a risk factor for future metabolic syndrome 
in 8–20-year olds.33 These findings suggest that habitual exercise significantly contributes to 
skeletal muscle development, reducing the risk of fractures and obesity.

We found a significant relationship between exercise habits and SBJ results, suggesting that 
children with higher lower leg muscle strength engage in more exercise habits. SBJ is an index 
for evaluating the lower limbs’ instantaneous muscle strength.19 Grip strength and SBJ have 
been reported to be correlated.34 Nevertheless, in this study, no significant association was found 
for grip strength, which assesses overall muscle strength in children.35 There are two possible 
explanations for this observation. First, previous studies have reported no relationship between 
physical activity time and grip strength36 because lower limb muscle strength is more likely to 
develop than overall muscle strength. Accordingly, exercise habits were related to lower limb 
muscle strength, and habitual exercise may develop the instantaneous lower leg muscle strength 
required for SBJ. Second, there was no detailed information on sports types in after-school club 
activities. Therefore, it is possible that many participants engaged in sports activities that used 
the lower extremity muscles more often than the upper. No significant relationship was observed 
between exercise habits and OLST or GDI. Children performing the recommended MVPA level3,8 
have been reported to have significantly better OLST and GDI.5 A large study by Venckunas 
et al reported that children and adolescents are likelier to lose lower-limb muscle strength than 
balance ability as physical fitness declines.37 These results suggest that motor function decline 
in children without exercise habits may be more pronounced in school-age children, especially 
in lower-limb muscle strength, than in balance function and gait quality.

The chi-square test results for exercise habits and MVPA indicated that most children perform-
ing substandard MVPA levels did not have good exercise habits. Physical activity guidelines in 
the US and UK recommend that children and adolescents engage in MVPA for at least 60 min 
per day, 5 days per week.3,8 Previous studies have also reported children and adolescents’ MVPA 
levels in Japan.38,39 Although few studies have compared actual physical function measurements, 
children who perform the recommended MVPA levels were reported to have significantly higher 
SMI, balance function, and gait quality than those who perform substandard MVPA levels.5 
Previous studies’ results that 24.7% of the children did not perform the recommended MVPA 
level and did not exercise suggests that securing exercise time is a major issue. To solve this 
problem, we suggest that children like them first establish good exercise habits.

According to the results of the three-group comparison, significant differences in SMI and 
SBJ and OLST were found only between the groups that met both exercise habits and MVPA 
and those that did not meet both. Habitual exercise contributes to increased muscle strength and 
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positively affects physical function.1,2 Based on the results of previous studies and this study, we 
conclude that exercise habits with MVPA are preferred, but at least exercise habits may increase 
SMI and instantaneous lower limb muscular strength. Although, exercise habits with MVPA are 
necessary to improve balance ability.

As for GDI, the group with exercise habits and MVPA not met had lower GDI than the 
group meeting both exercise habits and MVPA. The reason may be that more children in the 
group with exercise habits and MVPA not met were determined to have a flat foot, scoliosis, 
and leg length difference. These have been reported to affect gait.40 Therefore, we consider that 
these factors may have influenced the GDI in this study. However, we could not determine the 
reason for the high percentage of children in this group who were determined to have a flat 
foot, scoliosis, and leg length difference. In the future, we will increase the sample size so that 
the study can be conducted in more detail.

The results of the 2- and 3-group comparisons suggest that having exercise habits is important, 
as is meeting the MVPA. For children who do not have exercise habits and do not meet the 
MVPA, we recommend that they develop exercise habits that meet the MVPA.

This study has several limitations. First, this study focused on two elementary schools within 
Okazaki City; therefore, generalizability is limited. Second, because the questionnaire used in this 
study was subjective, it may not properly discriminate against exercise habits. Third, bioelectrical 
impedance analysis is not always the best way to assess body composition because it depends 
on the subjects’ hydration status. This was a cross-sectional study, and the causal relationship 
is unclear. A longitudinal study is required to clarify these issues.

CONCLUSION

Children without exercise habits had decreased values for SMI and SBJ compared with children 
with exercise habits. These results indicate that exercise for at least 30 min per day, 2 days per 
week, for at least 1 year is important for skeletal muscle mass and lower leg muscle strength 
development in school-aged children.

Furthermore, the group meeting exercise habits and MVPA had significantly higher SMI, SBJ, 
and OLST results than the group that did not meet them. Therefore, we conclude that exercise 
habits with MVPA are preferred, but at least exercise habits may increase SMI and instantaneous 
lower limb muscular strength. Although, exercise habits with MVPA are necessary to improve 
balance ability.
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