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Abstract: This study compared the physical fitness level and weight status of children and adolescents
in China and Japan. Children and adolescents aged 7-18 years were recruited (China: n = 5660; Japan:
n = 5660). Physical fitness was assessed using seven core items—grip strength, 30-s sit-ups, standing
long jump, sit-and-reach, 20-s repeated straddling, 20-m shuttle run test, and 50-m dash. A physical
fitness index (PFI) was calculated by adding all items’ Z-scores. We conducted comparisons of PFI
and its distribution, each physical fitness item, and weight status for individuals from China and
Japan across all ages. The PFI was lower in China than in Japan for all age groups, with an especially
large difference at age 18 years for boys (a difference of 9.05) and girls (a difference of 9.10) (p < 0.001).
The same result was seen for the seven items. The PFI distribution for children and adolescents was
more disperse among those in Japan than among those in China. Obesity prevalence was 2.84 times
higher in China than in Japan. An inverted U-shaped relationship was observed between physical
fitness and nutritional status. Children and adolescents showed markedly lower physical fitness and
higher obesity prevalence in China than in Japan.

Keywords: physical fitness; child; adolescent; nutritional status; China; Japan

1. Introduction

China and Japan, two close neighbors sharing multiple traits, together with South Korea, are
often clustered into a single “Eastern Asian” cultural group and compared with Western cultures [1,2].
Grouping Eastern Asian cultures into one cluster might overlook important differences between
countries. For example, although Japan and China have similar cultural origins, geographical climates,
and Eastern Asian genetic characteristics, they differ in characteristics including nutrient intake [3],
prevalence of overweight and obesity [4], physical activity levels [5,6], Human Development Index
(HDI) [7], and urbanization [8], all of which are determinants of physical fitness.
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Existing evidence suggests that physical fitness in childhood and adolescence is associated with
total and abdominal adiposity, cardiovascular disease risk factors, skeletal health, psychological
symptoms, and even academic performance [9]. In recent decades, a decline in physical fitness [10,11]
and increased prevalence of overweight and obesity [12,13] are well documented in both China
and Japan. According to a joint survey conducted by the two countries in 2016, the prevalence of
overweight and obesity was 17.5% and 5.8% higher in China than in Japan among boys and girls [14].
A meta-analysis suggested a large decline (—5.4 per decade) in long-distance running performance
from 1964 to 2009 among children in China, but only a small decline (~1.2 per decade) among children
in Japan [15]. It was also reported that cardiopulmonary endurance was higher among children and
adolescents in Japan than in China [16]. Furthermore, a recent study showed that adolescents in Japan
outperformed those in China in terms of aerobic capacity and muscular endurance but that adolescents
in China performed better than those in Japan in terms of muscular strength [17]. These previous
studies compared only certain aspects of physical fitness. Comparisons of overall physical fitness
between China and Japan are scarce.

In the present study, we calculated a physical fitness index (PFI) by combining seven core items
(grip strength, 30-s sit-ups, sit-and-reach, standing long jump, 20-s repeated straddling, 50-m dash,
and 20-m shuttle run test (SRT)) that were used to assess physical fitness at both the individual and
population levels [18-20]. We aimed to compare the nutritional status and the mean and distribution
of PFI overall and at specific percentiles of PFI among Chinese and Japanese children and adolescents.

2. Materials and Methods

2.1. Participants and Ethical Considerations

Considering geographical distribution, economic development, and urbanization, four regions
were selected in China and Japan. Schools were chosen in each selected region. In China, urban/rural
status was considered when choosing schools because of the wide gap in economic development
between urban and rural areas, whereas this factor was not taken into account in Japan. The detailed
sampling methods are reported elsewhere [16,21]. Individual participants without psychiatric or
physical disorders were recruited from the selected schools using stratified random cluster sampling.
Ultimately, data from 5660 students in China and 5660 students in Japan aged 7-18 years were included
in the present study.

The study protocol was reviewed by the Medical Ethics Committee of East China Normal
University and was approved after three revisions (approval number: HR2016/12055). The present
study was conducted in accordance with the Declaration of Helsinki. Written informed consent was
obtained from both the participants and their parents before the investigation. Participants’ names
were coded to protect their privacy.

2.2. Procedure and Measurement

All study investigators, including physical education teachers and postgraduate students majoring
in human sports science, were professionally trained before the investigation. After passing a
training test, each investigator was responsible for only one test item to ensure the uniformity of the
test standards.

For all children and adolescents, a portable stadiometer was used to measure height (to the nearest
0.1 cm), and a standardized scale was used to measure weight (0.1 kg). All participants were required
to wear light clothing and to remove their shoes before these measurements were taken. Body mass
index (BMI) was calculated as body weight (kg) divided by height (m?). All test procedures for the
seven physical fitness items were conducted using the same types of instruments suggested by the new
physical fitness test guidelines developed by the Japanese Sports Bureau of the Ministry of Education,
Science, and Technology in 2008 [20,21].
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2.3. Nutritional Status and PFI

Using the BMI-for-age Z-scores and height-for-age Z-scores, with the 2007 World Health
Organization BMI standards as a reference, participants were classified as stunted (height-for-age
Z-score < —2), underweight (BMI-for-age Z-score < —2), normal weight (BMI-for-age Z-score > -2
and < 1; height-for-age Z-score > -2), overweight (BMI-for-age Z-score > 1 and < 2 for), or obese
(BMI-for-age Z-score > 2).

Physical fitness was assessed using seven core items—grip strength (reflecting upper-body
muscle strength), 30-s sit-ups (reflecting abdominal muscle strength), standing long jump (reflecting
lower-body muscle strength), sit-and-reach (reflecting hamstring and lower-back flexibility), 20-s
repeated straddling (reflecting agility), 20-m SRT (reflecting aerobic fitness), and 50-m dash (reflecting
explosive force and speed). To remove the unit of measurement and enable comparison between
different items, the Z-score of each item was calculated, with the reference of the mean and standard
deviation of Japanese children and adolescents aged 7-18 years, released by the Provincial Sports
Bureau of Japan in 2014. The following formula was used to calculate these Z-scores:

Z score = (actual test value—mean of reference)/standard deviation of the reference.

The PFI was calculated by adding the Z-scores of six items and then subtracting the Z-score of the
50-m dash because a lower 50-m dash Z-score reflects better performance. The resulting value was
used to evaluate the physical fitness of children and adolescents in China and Japan:

PFI = Zgrip strength + Z30- sit-ups T z standing long jump Zsit-and-reach T Z 20-s repeated straddling Z 20-m SRT
— Z 50-m dash.

2.4. Statistical Analyses

Characteristics were described using means (standard deviation (SD)), or frequencies (proportions).
We estimated changing trends with age for the seven items and PFI by gender in both China and Japan.
Differences in PFI between Chinese and Japanese boys and girls were assessed across PFI percentiles.
The distributions of PFI means for each gender in both China and Japan were analyzed. The nutritional
status (undernutrition, normal weight, or overnutrition) of children and adolescents in China and
Japan were compared using the chi-square test. Given the difference in physical fitness between boys
and girls, we stratified the following analyses by genders. A general linear model was used to examine
the difference in PFI between countries, after adjusting for age groups. We also tested the interactions
of age groups and countries to examine whether the difference between countries varied by age groups.
The relationships between BMI-Z and PFI for different gender grouping were investigated using a
nonlinear regression model (PFI = aBMI-Z2 + bBMI-Z + c; where a, b, and ¢ were constants). The level
of statistical significance was set at 0.05. All analyses were performed using IBM SPSS, Version 25.0
(IBM Inc., Armonk, NY, USA) and GraphPad Prism 8.0.2 (GraphPad Software, La Jolla, CA, USA).

3. Results

A total of 11,320 children and adolescents aged 7-18 years were included in the study. Overall,
the sample had an equal boy-to-girl ratio, and there were comparable numbers of subjects in each age
group in both China and Japan. In China, the selected children and adolescents were, on average,
3.4 cm taller than those in Japan. The percentage of children and adolescents with normal weight
was 71.3% and 80.9% in China and Japan, respectively. The prevalence of overweight and obesity for
children and adolescents were higher in China than in Japan. Particularly, the prevalence of obesity
was 2.84 times higher in China than in Japan. Children and adolescents in Japan outperformed those
in China in all physical fitness items, especially the 20-m SRT and 20-s repeated straddling, where
children and adolescents in Japan scored approximately 50% higher, compared to those in China.
There were also significant differences in physical fitness between Chinese and Japanese children and
adolescents (p < 0.01). (Table 1).
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Table 1. Basic characteristics, nutritional status, and physical fitness status among Chinese and Japanese
children and adolescents aged 7-18 years.

China Japan i p-Values
Boys Girls Total Boys Girls Total
Sample size (%) 2850 (50.4) 2810 (49.6) 5660 2847 (50.3) 2813 (49.7) 5660 / /
Age groups (years)
7-9 (%) 731 (50.7) 712 (49.3) 1443 696 (50.4) 684 (49.6) 1380 / /
10-12 (%) 711 (50.1) 709 (49.9) 1420 695 (49.9) 697 (50.1) 1392 / /
13-15 (%) 704 (50.9) 680 (49.1) 1384 734 (50.8) 711 (49.2) 1445 / /
16-18 (%) 704 (49.8) 709 (50.2) 1413 722 (50.0) 721 (50.0) 1443 / /
Nutritional status
Height (cm, SD) 1543 (19.2) 149.6(149) 152(17.4) 151.1(18.2) 146.1(13.8) 148.6(163)  10.728 <0.01
Weight (kg, SD) 483(182) 43.1(13.7) 45.7(164) 438(151) 402(115) 420(13.6)  13.065 <0.01
BMI (kg/m2, SD) 19.5 (4.0) 187(34) 19137  185(29)  184(28)  184(29) 11.202 <0.01
Stunting (%) 72 (2.5) 75 (2.7) 147 (2.6) 143 (5.0) 179 (6.4) 322 (5.7) 68.12 <0.01
Thinness (%) 56 (2.0) 31(L.1) 87 (1.5) 11 (0.4) 11 (0.4) 22 (0.4) 39.14 <0.01
Normal weight (%) 1835 (64.4) 2203 (78.4) 4038 (71.3)  2247(78.9) 2331 (82.9) 4578 (80.9) 141.68 <0.01
Overweight (%) 384(135)  289(10.3) 673 (11.9) 274 (9.6) 223 (7.9) 497 (8.8) 29.53 <0.01
Obese (%) 518 (18.2) 221 (7.9) 739 (13.1) 179 (6.3) 80 (2.8) 259 (4.6) 253.18 <0.01
Physical fitness items
Grip strength (kg, SD) 252(132)  187(75) 220(11.2) 261(125) 201(73) 231(107)  -5.343 <0.01
30-s sit-ups (SD) 2565  211(7) 218(61) 25688  21.1(71)  234(83)  -11.686 <0.01
Standing long jump (cm, SD) 175 (39.7)  150.1 (22.1) 162.7 (345) 181.4 (42.8) 1542(29.0) 167.9(39)  -7.513 <0.01
Sit-and-reach (cm, SD) 354(11.2)  374(105) 364 (109) 41.8(122) 429(11.0) 424(116) —-28.358 <0.01
20-s repeated straddling (SD) ~ 31.5(9.8)  29.4(9.0)  305(94)  47.7(113) 42 (8.4) 448(103)  -77.151 <0.01
50-m dash (s, SD) 8.9 (L.5) 9.7 (1.1) 9.3 (1.4) 8.6 (1.4) 9.3 (L.1) 9.0 (1.3) 11.814 <0.01
20-m SRT (laps, SD) 377(21.6) 273(11.8) 325(182) 662(24.8) 41.7(142) 540(23.6) —54.274 <0.01

Note: Data are presented as n (%) or mean (SD), unless specified otherwise. 30-s sit-ups and 20-s repeated straddling
were assessed by observing the number of repetitions. BMI = body mass index, PFI = physical fitness index,
SD = standard deviation. T-tests and x? tests were compared between China and Japan.

Figure 1 shows the age trends of the seven physical fitness items for children and adolescents
aged 7-18 years by gender in China and Japan. In general, with the exception of grip strength, Japan
outperformed China on all items. For example, for the 20-m SRT, sit-and-reach, and the 20-s repeated
straddling, Japanese boys had a better score than Chinese boys for all age groups. Japanese girls also
performed better than Chinese girls on the 20-m SRT, sit-and-reach, 20-s repeated straddling, and 50-m
dash for all age groups.

Gender stratified general linear model analysis indicated significant age (Fboys = 92.359,
Fginis = 63.106, both p < 0.01), country (Fyoys = 2973.392, Fgis = 2072.052, both p < 0.001), and
age and country (Fpoys = 26.413, Fgiris = 34.199, both p < 0.01) interaction effects on PFL. Therefore,
PFI comparison between Chinese and Japanese children and adolescents of the same age group was
conducted; shown in Figure 2. Figure 2 shows the comparison of the mean PFI between China and
Japan within the same age group stratified by gender. The PFI was clearly higher in Japan than in China
for both boys and girls across all age groups. The largest differences in mean PFI between the two
countries were observed at the age of 18 years for both boys (a difference of 9.05) and girls (a difference
of 9.10), and the smallest differences occurred at the age of 10 years for boys (a difference of 3.59) and
14 years for girls (a difference of 3.41). All differences were statistically significant (p < 0.001).

Figure 3 shows the differences in PFI between China and Japan for each gender across PFI
percentiles. The China—Japan PFI differences were larger for boys than for girls, especially below the
50th percentile of PFI. For girls, this difference increased gradually with the PFI percentile, from 1.6 at
the first percentile to 6.0 at the 99th percentile. For boys, this difference seemed to be relatively even
across the PFI percentiles, ranging from 4.7 at the sixth percentile to 6.6 at the 93rd percentile.

Figure 4 shows the distribution curves for PFI among children and adolescents of each gender
in China and Japan. Compared with the distribution for China, the PFI distribution of children and
adolescents in Japan was shifted to the right by about 6 units and was more disperse, for both boys
and girls.

We compared the nutritional status between Chinese and Japanese children and adolescents,
as shown in Table 2. Overall, the proportion of children with normal weight was significantly higher for
Japan than for China, except among girls aged 13-18 years. The percentage of children suffering from
undernutrition was highest among 10-12-year-old girls (8.0%) in China and among 13-15-year-old girls
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(9.3%) in Japan. The prevalence of overnutrition was significantly higher in China than in Japan for
both boys and girls in every age group (p < 0.01). In particular, for 16-18-year-old boys, the prevalence
of overnutrition in China (22.4%) was 2.8 times that in Japan (8.0%).
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Figure 1. Age trends by gender of seven physical fitness items for children and adolescents aged

7-18 years in China and Japan.
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Table 2. Comparison of nutritional status between Chinese and Japanese children and adolescents.

China Japan
Age (y) Un(.ic_er Normal Overnutrition Un(.i(::r Normal, Overnutrition A X8 P
Nutrition N Nutrition
o 1 (%) 1 (%) o n (%) 1 (%)
1 (%) n (%)

Boys

7-9 731 30 (4.1) 439 (60.1) 262 (35.8) 696 32 (4.6) 549 (78.9) 115 (16.5) 0.21 59.32° 68.45P
10-12 711 48 (6.8) 390 (54.9) 273 (38.4) 695 31 (4.5) 484 (69.6) 180(25.9) 3.48 32.68° 25.14 P
13-15 704 32 (4.5) 473 (67.2) 199 (28.3) 734 57 (7.8) 582 (79.3) 95 (12.9) 6422 26940 51.88
16-18 704  13(1.8)  533(75.7) 158 (22.4) 722 32(44)  632(87.5) 58 (8.0) 780%  3333°  57.59P
Girls

7-9 712 22 (3.1) 523 (73.5) 167 (23.5) 684 34 (5.0) 553 (80.8) 97 (14.2) 3.21 10.79® 19.57 P
10-12 709 57 (8.0) 518 (73.1) 134 (18.9) 697 39 (5.6) 565 (81.1) 93 (13.3) 3.30 12.72° 8.02°
13-15 680 11 (1.6) 541 (79.6) 128 (18.8) 711 66 (9.3) 566 (79.6) 79 (11.1) 39.05 0.00 16.32°
16-18 709 11 (1.6) 621 (87.6) 77 (10.9) 721 51(7.1) 647 (89.7) 23(3.2) 26.28° 1.64 32340

Note: Undernutrition included stunting and thinness. Overnutrition included overweight and obesity. # < 0.05;
b <0.01. x2-A represents the comparison of undernutrition between China and Japan; x2-B represents the comparison
of normal weight between China and Japan; x2-C represents the comparison of overnutrition between China
and Japan.

Figure 5 shows the relationships (inverted U-shaped) between PFI and weight status of children
and adolescents in both China and Japan. Among both Chinese and Japanese children and adolescents,
the PFI value was the largest when the BMI-Z score was within the normal range. PFI declined when
the BMI Z-score was higher or lower than the normal range. The quadratic coefficients of BMI-Z
for PFI were: —0.072 and —0.323 in Chinese and Japanese boys; —0.094 and —0.531 in Chinese and
Japanese girls.

PFI predicted values

-10+

-20+

-304

Chinese boys
Chinese girls

Japanese boys
Japanese girls

T
2.5
BMI-Z

5.0

Figure 5. Relationship between PFI and BMI-Z score among boys and girls in China and Japan.
Equations were listed as following: PFI (Chinese boys) = —0.072 x BMI-Z? + 0.187 x BMI-Z — 6.363;
PFI (Chinese girls) = —0.094 x BMI-Z2 + 0.157 x BMI-Z — 5.042; PFI (Japanese boys) = —0.323 X BMI-Z?2
+ 0.408 X BMI-Z — 0.576; PFI (Japanese girls) = —0.531 x BMI-Z? + 0.114 x BMI-Z — 0.373.

4. Discussion

The present study compared PFI and weight status among children and adolescents aged
7-18 years in China and Japan, using an overall score of seven physical fitness items. We observed that
PFI and each physical fitness item were higher in Japan than in China. The difference in PFI between
the two countries was higher among boys than among girls across PFI percentiles, but especially at
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lower percentiles. The distribution of PFI was more disperse among children and adolescents in Japan
than among those in China. There was an inverted U-shaped association between BMI Z-score and PFI
in both countries. PFI value was the highest when the BMI Z-score was within the normal range.

An inverted U-shaped relationship between physical fitness and growth and nutritional status
was previously reported for children and adolescents in both China and Japan [10,14], indicating
that undernourished and overnourished students have lower physical fitness compared to their
normal-weight counterparts. Overweight and obese South African adolescent girls were also reported
to have lower cardiorespiratory fitness, decreased lower-body muscular strength, greater grip strength,
and more joint hypermobility, compared to their peers with normal weight [22]. In the present study,
we also observed a similar association between the BMI-Z score and PFI in boys and girls in both
countries. China’s higher prevalence rates of overweight and obesity relative to Japan, might contribute
to a poorer performance in physical fitness among Chinese children and adolescents. Higher BMI values
correspond to higher resistance to overcome for physical fitness items such as 30-s sit-ups, standing
long jump, 20-s repeated straddling, 50-m dash, and 20-m SRT, resulting in a poorer performance
among individuals with higher BMI. Moreover, the association between BMI-Z score and PFI was
stronger in Japan than in China for both boys and girls. Given limited evidence, further studies are
needed to clarify this point.

According to the physical activity guidelines issued by the World Health Organization, physical
fitness and health among children and young people are substantially enhanced by frequent
physical activity, and at least 60 min of moderate-to-vigorous-intensity physical activity each day
are recommended for children and adolescents [23]. It was reported that only 30% of Chinese
children and adolescents met these recommended guidelines [19], compared with 44.7% in Japan [14].
Moreover, the report of 2018 Active Healthy Kids Global Alliance, initiated by Professor Mark Tremblay,
suggested that Japan achieved the highest grades for active transportation (A-) and physical fitness (A)
worldwide [24], while grades for all areas representing physical activity in children and youth were
particularly low (D-F) in China [25]. Physical inactivity might be a factor contributing to children and
adolescents in China having a lower PFI than their counterparts in Japan. In addition, compared to
active young people, those who are physically inactive were found to have higher levels of body fat,
which is related to poor physical fitness, as mentioned above [23].

Previous data from the Chinese Health and Nutrition Survey demonstrate that, from 1991 to
2011, young people in China aged 12-17 years changed their dietary habits from a carbohydrate-based
diet to a Westernized high-fat, high-protein diet [26]. In addition, the percentage of Chinese children
and adolescents consuming sugar-sweetened beverages increased from 73.58% in 2004 to 90.49% in
2011 [27]. In contrast, Japan introduced the “school nutrition lunch law” in 1954 to improve young
people’s nutritional balance and encourage them to eat a healthy diet [28]. It is well documented
that frequent breakfast eating is positively correlated with cardiorespiratory fitness among children
and adolescents [29,30]. Existing evidence suggests that, among children and adolescents, 3.1% in
China [31] and 2.3% in Japan [32] skip breakfast. These differences in dietary styles might contribute
to the differences in physical fitness between China and Japan. Additionally, active commuting to
and from school was reported to be significantly correlated with speed, agility, and muscle strength
among students in Spain [33], England [34], and Colombia [35]. Sun et al. found that the percentages of
students using active commuting methods (cycling or walking to and from school) in primary, middle,
and high school were 55.8%, 54.6%, and 50.9%, respectively, in China [36], and 93%, 88%, and 68%,
respectively, in Japan [37]. These differences in active commuting might be another reason for the
lower physical fitness level of children and adolescents in China compared to those in Japan.

Socioeconomic status was reported to be positively associated with musculoskeletal and aerobic
fitness [38—40]. Indicators such as the HDI and urbanization are often used to evaluate the social
and economic status of a country. The HDI is a measure of human development with respect to the
economy, education, and health; it effectively corrects the limitations of the traditional Gross Domestic
Product Index and is widely used [41]. According to the United Nations Development Program [7],
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in 2018, Japan had a better HDI rank (19th) than China (85th), indicating that Japan had a higher level
of development from the perspective of economy, education, and health. Urbanization refers to the
proportion of people living in urban areas, reflecting the level of regional economic development [8].
According to a report released by the World Bank, the urbanization rates of China and Japan in 2014
were 54.26% and 91.30%, respectively [8]. The higher physical fitness of students in Japan than in
China might also be explained by these national-level differences in socioeconomic development.
The main strength of the present article lies in the unified testing method used in both Japan and
China. There are also several study limitations. First, this was a cross-sectional survey, and a cohort
study is needed in the future to analyze the long-term trends in physical fitness among children and
adolescents in China and Japan. Second, physical fitness is a comprehensive health indicator, and exactly
which items should be included in a measure of physical fitness remains unclear. We used seven items
(grip strength, 30-s sit-ups, sit-and-reach, standing long jump, 20-s repeated straddling, 50-m dash,
and 20-m SRT) to calculate the PFI. Although this conclusion was not verified, Dong et al. [10] assessed
the consistency of results across six consecutive national surveys and suggested that a comprehensive
PFI captured the physical capabilities of children and adolescents. The approach to PFI adopted in the
present study was used in several previous studies [10,42]. Third, we did not collect data on other
factors, such as dietary intake, physical activity, and family environment, which might have substantial
effects on the physical fitness and nutritional status of children and adolescents in China and Japan.

5. Conclusions

In conclusion, this study compared PFI and weight status between Chinese and Japanese children
and adolescents, revealing large gaps between the two countries, especially in terms of agility and
aerobic fitness. Further studies are needed to identify whether the determinants of physical fitness are
different between the two countries, which might facilitate the development of efficient intervention
strategies to improve and enhance physical fitness in both countries.
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