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Abstract

:

Background: Physical fitness (PF) is positively related to skeletal and metabolic health, and it had an inverse relation with obesity. Adolescents with obesity have the worst performance in PF and speed-agility (SA) that contributes to an augmented risk to develop pathologies. To the best of our knowledge, many studies analyzed the trends of obesity and SA separately, but there is a lack of data about SA ability trends in adolescents with obesity. We aimed to investigate SA trends in children with obesity in the last few decades to define the association between body weight and physical performance. Methods: We recruited 3.923 Caucasian children across the period 1985–2010 in the same school in Northern Italy, near Milan. Once a year, at the ages of 11–12- and 13-years-old, we collected anthropometric measures and SA performance. We pooled the data into 5-year-period study waves and then stratified our analysis into test-sex-age BMI-z-score specific groups. Results: We reported an undetermined trend across years. The 4×5 m run test significantly decreased in adolescents with overweight/obesity, while we did not report a decline in 30 m and 60 m run tests. Conclusions: Fitness tests highlighted differences in normal weight compared to overweight/obese children, suggesting that it is crucial to carefully monitor PF capacities through the years.
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1. Introduction


The World Health Organization [1] reported an increase in the prevalence of children and adolescents (5–19 years old) with an overweight (OW) body mass index (BMI) from 1975 to 2016; and, in Italy, the National Health Institute declared that over 29% of school-age children are OW and more than 10% are affected by obesity [2]. Children and adolescents with obesity have an increased risk of developing cardiovascular and metabolic diseases, such as insulin resistance, type 2 diabetes, coronary disease, and hypertension [3]; and they tend to be adults with obesity, with an augmented rate of co-morbidities and mortality [4]. Physical activity (PA) and active lifestyle promotion fill a fundamental role in reducing the negative effects of weight gain and cardio-metabolic pathologies in children and adolescents [5,6].



On the other hand, Physical Fitness (PF) is the ability to perform an exercise with the correct development of physiological and psychological skills [7,8], and previous studies have shown that a poor level of PF should be identified as a “warning sign” in children’s health [9]. In fact, PF has an inverse relation with obesity and the risk of CVD, and it is also positively related to skeletal and metabolic health [7,10].



Unfortunately, adolescents with obesity have a lower PF compared to their normal-weight peers [11,12,13,14], with a direct repercussion on the engagement and the adherence to PA practice [15]. An assessment of PF is composed of multiple physical capacities such as cardiorespiratory endurance, muscular strength, and speed ability (SA). Cardiorespiratory endurance has been inversely related to CVD risk, adiposity, low self-esteem, cancer, and all-cause mortality in late life [16,17,18]. Several studies showed a decline of cardiorespiratory endurance in children, and a study by Johansson et al. [19] showed a decline of this component in children with obesity. Muscular strength is also inversely related to CVD risk and mortality, insulin resistance, bone health, and adiposity [20]. A study by Đurić et al. [21] showed a decrease in arm strength and leg power while the core muscle strength increased from 1983 to 2014. The SA ability is defined as a combination of the ability to move quickly and to change direction, maintaining control and balance [22]; and, in particular, we can portray it as the biomechanical performance of the strength of the lower limbs that are influenced by one’s own weight [23]. The SA is considered as a key marker of bone health in young people, and it is usually associated with enhanced performance in sports [24], highlighting the importance of testing this capacity through the years. To evaluate SA in children and adolescents, several studies showed the use of the 30-m sprint test and the 4×10 m shuttle run test as simple, accurate, and reliable methods [7,25,26,27].



In general, some evidence showed a PF decline through the years. Ogden et al. [28] found that the prevalence of children with obesity increased in the U.S. This trend was also confirmed by Fan et al. [29]. Eberhardt et al. [30] reported an overall decline in PF components, except for the SA ability. Additionally, Fühner et al. [31] showed a significant decrease of cardiorespiratory endurance from 1972 to 2015, reporting a small increase in the SA ability. To the best of our knowledge, many studies analyzed the trends of obesity and SA separately [28,29,30,31], but there is a lack of data about trends in SA ability in adolescents with obesity. In fact, cardiorespiratory fitness had a moderately negative association with body mass, waist circumference and body fatness (r = −0.52), while SA had a low negative association with fat mass and BMI (r = −0.24) [15,32,33]. The SA ability trends remain unclear in children and adolescents with obesity and the evaluation of a single PF component related to physical health [15,33,34,35], so, the aim of this study was to investigate the trends of SA in children with obesity in the last decades in order to define the role of body weight on physical performance maintenance. In particular, we take into account three different tests largely used to assess SA because physical demands could be crucial factors in evaluating the abilities of the young during growth. To our knowledge, this is the first study to examine the temporal trends of SA in children with obesity in an Italian population.




2. Materials and Methods


2.1. Sample and Study Design


We conducted a cross-sectional study on a total of 3.923 Caucasian adolescents aged 11–13 years, who were recruited across the period 1985–2010, from a single middle-high school in northern Italy, near Milan. According to the WHO classification BMI z-score [36], adolescents were divided into two groups: normal-weight (−2 ≤ BMI-z score ≤ 1) and overweight/with obesity when a BMI-z score was > 1/2. The inclusion criteria were adolescents aged 11 to 13 years old of both genders, with no previously known neurological/orthopedic or cardiovascular diseases and no illness that could affect growth and actively attending school physical education (PE) classes. The exclusion criteria were reported orthopedic injuries in the last six months, any condition that did not permit participation in curricular PE classes, and having any medical condition that could affect exercise participation. Parents or legal guardians provided written informed consent after the explanation of the study procedures. Adolescents provided verbal absence, and they were informed that their participation was voluntary and that they could withdraw at any time without prejudice. No academic credit or benefit was given to adolescents for participation. The study was conducted in accordance with the Declaration of Helsinki as revised in 2018 [37]. The study protocol was approved by the institutional review board of Regione Lombardia (D.g.r. 9 June 2017—n. X/6697) along with the Italian National Olympic Committee (CONI).




2.2. Testing Procedures


Over the 25-year period, at the same time of day (8:00 am to 1:00 pm) and once a year (between mid-September and mid-October), participants were tested by the same teacher during two consecutive PE classes. Weight and height were measured without shoes and in light clothes using procedures described by the International Society for the Advancement of Kinanthropometry [38]. Weight was measured using a balance scale to the nearest 0.1 kg. Height was measured with a stadiometer to the nearest 1 cm, with participants standing upright and their heads in the Frankfort plane. Body Mass Index (BMI) was calculated using the following formula: body mass (kg) divided by squared height (m2).




2.3. Physical Fitness Test


The data collection consisted of a series of physical fitness tests selected within the widespread Eurofit battery [39] and from usual practice considering the school settings conditions [23,40,41]. All data were collected by one PE teacher in full compliance and collaboration with the curricular PE classes. To evaluate SA in adolescents, several studies showed the use of the 30-m sprint test and the 4×10 m shuttle run test as simple, accurate, and reliable methods [7,25,26,27]. These field tests are reliable and valid instruments to measure physical fitness in children and adolescents [15,41], and they are strictly defined, simple to administrate, and cheap to use [22].




2.4. 30-m Sprint Test


During PE lessons in the school gym, the participant performed a 30 m sprint, running at a maximum speed, (ICC = 0.96) [42]. The start and endpoints were marked on the floor with a colored scotch to ensure the correct distance measurements. The same operator started the chronograph after the phrase “3, 2, 1, go”; and, they stopped the chronograph when the child crossed the end line with one foot. The time was recorded using a chronograph (Stopwatch W073, SEIKO, Tokyo, Japan), with a time resolution of 0.01 s. A higher time indicated a worse performance. Before starting the test, the evaluator performed an example to ensure that the adolescents understood the test procedure correctly.




2.5. 60-m Sprint Test


During PE lessons in the school gymnasium, the participant performed a 60 m sprint test, running at a maximum speed. The start and the endpoints were marked on the floor with a colored scotch to ensure the correct measurement of the distance. The same operator started the chronograph after the phrase “3, 2, 1 go”; and, they stopped the chronograph when the child crossed the end line with one foot. The time was recorded using a chronograph (Stopwatch W073, SEIKO, Tokyo, Japan), with a time resolution of 0.01 s. A higher time indicated a worse performance. Before starting the test, the evaluator performed an example to ensure that the adolescents understood the test correctly.




2.6. 4 m × 5 Run Test


This test consisted of running and turning as fast as possible between two parallel lines (5 m apart), where adolescents had to exchange sponges when crossing the lines (4 times of 5 m; ICC = 0.90–95% CI 0.75–0.97) [43]. This test was used to investigate speed-agility [22]. The result was measured with a stopwatch (Stopwatch W073, SEIKO, Tokyo, Japan) to the nearest 0.1 s by the same evaluator [43]. The best of two attempts was recorded in seconds. A higher time indicated a worse performance. Before starting the test, the evaluator performed an example to ensure that the adolescents understood the test correctly. A slip-proof floor, four cones, a stopwatch, and three sponges were used to perform the test.




2.7. Statistical Analysis


All data were manually recorded from the PE teacher, then inserted into a spreadsheet and checked for transcription errors, with corrections made where appropriate by three different expert operators. The dataset was also checked for outliers, with minimum and maximum time outliers not attained for the tests (4×5 m, 30-m, 60-m). Quantitative variables were provided as mean ± standard deviations (SD) or percentages as appropriate. To compare trends across different tests, sexes, ages and z-score BMI categories (normal weight adolescents and adolescents with overweight/obesity in accordance with WHO stratifications) and trends from the published literature, we first pooled the data into 5-year study waves [44,45] (e.g., <1990, 1990–1995, 1995–2000, 2000–2005 and 2005–2010) and then stratified our analysis into test-sex-age-BMI z-score specific groups (e.g., 11-year-old girls normal-weight tested on the 4×5 m, 11-year-old girls overweight tested on the 4×5 m, etc.). During the observation period, PF performances were analyzed by fitting multilevel (subjects and school classes) mixed effect linear regression models in which the random portion consisted in subjects (thus correcting for individual variation) and classes. The fixed portions were represented by calendar years (5-year periods), age, sex, and BMI classes. The models are random intercept allowing each subject to have a separate intercept; thus, it is possible to consider the dependency of the data (obtaining the correct standard errors) and to adjust for individual factors (measured and unmeasured confounders). In this repeated cross-sectional design, multilevel models take into account the clustered nature of the data within individuals and classes. Measurement occasions form the level 1 units and individuals are shifted up to level 2 and classes at level 3. The results are expressed as coefficients with their 95% confidence interval (95% CI), and they are presented with term-specific p values; the coefficient represents the mean variation of outcomes for unit change of quantitative predictors or between levels of categorical or ordinal predictors. Since a higher time indicated a worse performance, a negative coefficient indicated a better performance, and a p < 0.05 was considered statistically significant. Data analyses were performed with STATA v16.1 (Stata Corporation, College Station, TX, USA).





3. Results


The percentage trends of BMI categories are reported in Table 1 according to the five wave periods. In particular, between the first and the last wave the percentage of normal weight adolescents showed a 10% decrease in girls of 11- and 12-years-old, while the 13-year-old girls decreased by 3% only. The boys also revealed a greater decrease at 11-years-old and a smaller decrease at 13-years-old. Conversely, the percentage of adolescents with obesity increased approximately three times in 11- and 12-year-old girls and 11-year-old boys, and it doubled in 12- and 13-year-old boys.



The descriptive characteristics of boys and girls are shown in Table 2.



The PF outcome of the subjects are reported in Table 3 and Table 4.



For the 4×5 m test, the best results within all waves were obtained by 13-year-old girls and 12-year-old boys. In particular, girls with obesity had a maximum difference of 0.56 s with respect to normal-weight peers. The normal-weight girls worsened the performance by 0.15, 0.14, and 0.13 s at each wave, respectively, for 11, 12, and 13 year olds, while girls with obesity worsened the performance by 0.22, 0.18, and 0.17 s. Boys showed a mean performance difference of 0.4 s between normal-weight and obese peers with a decrease of 0.1 s in performance per decade for normal-weight adolescents and of 0.15 s for adolescents with obesity.



In the 30 m sprint test, performance remained essentially unchanged along the waves for both male and female, even if some considerations could be reported. Both normal-weight and obese boys aged twelve years old showed a greater decline. In the last period, >2005, 11 and 13-year-old boys with obesity had the greatest performance (5.5% e 3%). In girls with obesity, we found the greatest decline during the >2005 period for 11-year-olds, <1990 period for 12-year-olds, and between the 1991 and the 1995 period for 13-year-olds. In normal-weight girls, performance differences were negligible.



Moreover, the results of the 60 m sprint test were almost stable during the whole period with small performance improvements between the first and the last wave in females of 11-, 12-, and 13-years-old. The most consistent improvement in performance was, however, between the ages of 11 and 12, both for the normal-weight and the obese girls.



Additionally, both normal-weight and obese boys decreased the time spent in the sprint during the whole period by approximately 0.5 s (normal-weight) and 1 s (adolescents with obesity). In girls, the greatest gap between normal-weight adolescents and adolescents with obesity (considering all the periods) was in the 11-year-old age group.



Specifically, BMI, age, and gender showed significant differences for all of the PF tests (see Table 5).



Table 5 reveals that within BMI categories (normal or with obesity) sex and gender remain crucial factors influencing performance (p < 0.001).



A significative decline in the 4×5 m run test (p < 0.001) was noted through the years (in particular in the last wave) in both sexes; an increase in the BMI was also noted. While we did not report a decline in the 30 m and the 60 m run tests, in particular we noted a decline in the 4×5 m run test also stratifying for BMI categories in both genders from 1990 to 2010 for normal weight adolescents and from 1995 to 2010 for overweight/obese adolescents.



As reported in Table 5, multivariate analysis showed that the changes in the physical fitness test across years are related to age, sex, and BMI for all the variables (p < 0.01).




4. Discussion


PF is considered as a marker of health in children and adolescents [7]. Several studies have demonstrated the importance of investigating PF from an early age for a positive relationship between higher levels of PF and the health of children and adolescents and an inverse relationship between PF and the risk of developing CVD [7,16,17]. Prevention and early intervention to promote exercise are mandatory to protect children’s health. We investigated SA trends in adolescents with obesity, showing an undetermined trend across years. In particular, the 4×5 m run test score significantly decreased (p < 0.05) in adolescents with overweight/obesity from 1985 to 2010 in both genders, while we did not report a decline in the 30 m and the 60 m run tests. We also noted a decline in the 4×5 m run test score stratifying for BMI categories, in both genders, from 1990 to 2010 for normal weight adolescents and from 1995 to 2010 for adolescents with overweight/obesity. The changes in the PF test results across years are related to age, sex, and BMI, confirming a plausible multifactorial assessment.



The results obtained in the 4×5 m sprint test were in accordance with previous studies that underlined a decreasing performance across years. Ruiz et al. [46] analyzed performances in health-related fitness tests (20-m shuttle run test, standing long jump, and 4×5 m shuttle test) on 214 students aged between 13 and 16 years, they reported the negative and significant relationship between speed and level of PA. As opposed to sedentary children, SA tended to be greater in active children and in males as opposed to females. Koulouvaris et al. studied sprints in boys and girls, aged 5–12 years, reporting significant differences for time in BMI categories [47]; and, Munoz et al. [22], Agha-Alinejad et al. [48], and Trzcińska et al. [49] showed that overweight and obese adolescents had poorer performance in SA tests than their normal-weight peers. Moreover, a previous study by Reisberg et al. (2021) [50] showed a significative relationship between SA and the fat mass index; in their study, at baseline, motor fitness was assessed by the 4×10 m shuttle run test, and a greater SA on the shuttle run test was associated with a lower fat mass index, while improvements in motor fitness were associated with decreases in the fat free mass index. Even though we noted that trends in PF tests are related to different factors, according to the model established by Tomkinson [42,51], we agree that the reported secular trends in PF are caused by a network of social, behavioral, physical, psychosocial, and physiological factors that may also be related to a temporal trend of obesity, including increased sedentary behavior. Since there is no clear evidence for these interactions, especially in the Italian context, we auspicate further investigations aimed to clarify possible causes and solutions. In fact, data on 11-, 13-, and 15-year-old Italian adolescents from the Health Behaviour in School-aged Children (HBSC) World Health Organization (WHO) collaborative cross-national study (2002–2014) [52] indicated a decline in the country-level prevalence of children who achieved at least 60 min of moderate-to-vigorous PA every day or vigorous PA at least four times per week, and an increase in the country-level prevalence of children who used computers recreationally for at least 2 h every weekday. Such trends are supported by Guthold et al. [53] who reported that the country-level prevalence of insufficient PA (i.e., doing less than 60 min of moderate-to-vigorous physical activity every day) increased among Italian adolescents aged 11–17 years between 2001 and 2016.



The results obtained in the 30-m and in the 60-m sprint test were in accordance with a previous Italian study by Lovecchio et al. 2020 [22] that showed a non-significant change in sprint test scores in males and females from 2004 to 2013. This result was also confirmed by another Italian study by Gallotta et al. [54]. Other studies evaluating this test (Greece 1997 to 2007; Spain, 2001 to 2007; Germany 2007–2015) indicated a general improvement in speed performance while others (Lithuania 1992–2002; Portugal 1993–2013) declared a stagnation of results [55]. Additionally, in adolescents with obesity we reported a non-significant change in sprint test scores across years highlighting that excessive body weight does not interfere with short and explosive performance without change of direction as occurs in the 4×5 m sprint test. This unexpected result could be relevant to affirm that adolescents with obesity had worst performance of normal-weight adolescents but remain similar across years. Body weight seems to worsen performance because during direction changes, the augment loads on joints does not permit an explosive response. So, the promotion of exercise focused on specific PF components such as SA could contrast the reduction in the PF performance gap between normal-weight adolescents and those with obesity and, above all, the careful choice of the evaluation battery could be a real action in health education. In fact, as already demonstrated by Lovecchio & Zago [15] in short distance running tests, the difference between normal-weight and obese children is very limited; therefore, the result can be used as an attractive element to promote the performance of adolescents with obesity that experience a more adequate condition.



Nowadays, there is evidence of a global increase in the BMI of children and adolescents (WHO) and our study also confirmed an increase in adolescents with overweight/obesity from 1984 to 2010 in Italy. Increases in the BMI likely reflect increases in both the fat mass and the fat-free mass. An augmentation in the fat mass could compromise weight-bearing performance, to a greater extent in distance running than in sprint running or explosive jumping, while increases in the fat-free mass should ameliorate performance in tests requiring strength and power, such as sprint running. Tomkinson et al. [56] reported that there is a negative relationship between fat mass and sprint running and there is a stronger positive relationship between fat-free mass and sprint in a large sample of Australian youth. These results suggest that the recent declines in power and speed could have occurred because the positive effects of increasing fat-free mass have not quite matched the negative effect of increasing fat mass. While these data suggest a reason for the recent decline, it is not known whether the secular differences in fat mass and fat-free mass have been consistent over the entire 1984–2010 period. In light of this, a strong and a global analysis could contemporarily use weight and height as affecting the parameter of performance, at least during the pre-adolescent phase [22]. In our results, age and gender are weak influential factors in the PF trend. During the last decades, a secular trend of timing of puberty, particularly in females, was also reported. Puberty [57,58,59] is a combination of physical, physiological, and psychological changes, resulting in physical growth modification, which is a determining factor for assessment of PF; thus, the role of an earlier pubertal timing could be considered. In fact, we can generally see that girls had the worst performance during the whole period near the age of 11, with boys near the age of 13. This result should be further studied considering more precise anamnesis on menarche and the growth stage [60]. Previous studies indicated that higher PF performances were relevant to predicting general well-being in adolescents [6,7] and preventive surveillance of PF performances could help both the clinicians and the trainers to implement strategies to obtain better health outcomes in the young. Moreover, further studies should investigate the influence of sedentary behaviors and the large use of screen devices on PF decline and on health-related outcomes.



While we do not know if our declines in SA performance have evolved beyond 2010, we are certainly encouraged by the release of Italy’s first national guidelines for PA in 2019 [61]. This document supports the National Prevention Plans (2014–2019 and new 2020–2025) [61], which improve health-enhancing PA for children through school policies, planned life skills interventions, active travels to/from school (e.g., the Pedibus), sports participation, and active breaks during lessons. Recent studies have shown that an online training program seems to be an important instrument for maintaining health and fitness in children with overweight/obesity [62,63]. Future studies should evaluate the effectiveness and monitor the progress of implemented PA promotion efforts by examining recent temporal trends in SA levels and in adolescents with overweight/obesity. We must recognize some limitations in our study. No data on pubertal stages were recorded in our subjects; further studies considering also pubertal stages could be useful to clarify the determinant factors of the decrease in performance across years. Similarly, the lack of data on body composition and on lifestyles does not allow a complete interpretation of the data. Finally, all participants were Caucasian and sampled from one school in northern Italy and therefore the results may not be generalizable to other demographic groups or countries where the network of social, behavioral, psychosocial, and psychological factors may substantially differ. Despite these limitations, this is the first study that investigated the SA ability in adolescents with a special focus on young people with obesity, considering a 25-year investigation; and, our results could highlight the necessity for implementing a national surveillance on PF capacities in children and adolescents.




5. Conclusions


In conclusion, fitness tests highlighted differences in normal weight compared to adolescents with overweight/obesity that could be important for health monitoring, at least in a brief sprint performance. Additionally, SA fitness decline is an alarming factor that should generate corrective actions. Our results could support a fruitful body of future work on a larger national scale to better understand the mechanisms of observed trends and ameliorated young health through monitoring PF capacities, especially in adolescents with obesity.
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Table 1. Prevalence of normal weight subjects and adolescents with overweight/obesity across years and divided per gender and age.






Table 1. Prevalence of normal weight subjects and adolescents with overweight/obesity across years and divided per gender and age.





	

	

	
Girls

	
Boys




	

	

	
11 y

	
12 y

	
13 y

	
11 y

	
12 y

	
13 y




	

	
Wave

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Normal-weight

	
<1990

	
61

	
91.04

	
59

	
93.65

	
48

	
82.76

	
153

	
91.07

	
173

	
90.10

	
179

	
90.86




	
1991–1995

	
95

	
85.59

	
121

	
85.03

	
128

	
84.77

	
112

	
85.50

	
134

	
88.58

	
109

	
87.20




	
1996–2000

	
112

	
86.82

	
121

	
87.43

	
106

	
83.46

	
134

	
84.28

	
117

	
82.98

	
112

	
78.32




	
2001–2005

	
115

	
87.12

	
131

	
88.92

	
129

	
82.69

	
128

	
84.77

	
135

	
88.24

	
116

	
87.88




	
>2005

	
110

	
73.97

	
109

	
77.86

	
97

	
82.20

	
105

	
73.94

	
132

	
80.00

	
118

	
80.82




	
Overweight/obese

	
<1990

	
6

	
8.96

	
4

	
6.35

	
10

	
17.24

	
15

	
8.93

	
19

	
9.90

	
18

	
9.14




	
1991–1995

	
16

	
14.41

	
23

	
15.97

	
23

	
15.23

	
19

	
14.50

	
19

	
12.42

	
16

	
12.80




	
1996–2000

	
17

	
13.18

	
19

	
13.57

	
21

	
16.54

	
25

	
15.72

	
24

	
17.02

	
31

	
21.68




	
2001–2005

	
17

	
12.88

	
18

	
12.08

	
27

	
17.31

	
23

	
15.23

	
18

	
11.76

	
16

	
12.12




	
>2005

	
40

	
27.03

	
31

	
22.14

	
21

	
17.80

	
37

	
26.06

	
33

	
20.00

	
28

	
19.18








n = number of adolescents; % = percentage on the total.
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Table 2. Descriptive characteristics of boys and girls.






Table 2. Descriptive characteristics of boys and girls.





	

	

	
BMI 1 z-Score




	

	
Wave

	
11 y

	
12 y

	
13 y






	
Girls

	
<1990

	
−0.31 (−0.93–0.36)

	
−0.40 (−1.00–0.30)

	
−0.07 (−0.84–0.67)




	
1991–1995

	
−0.16 (−1.15–0.52)

	
−0.08 (−0.91–0.74)

	
−0.09 (−0.84–0.67)




	
1996–2000

	
−0.11 (−0.83–0.43)

	
−0.10 (−0.84–0.57)

	
−0.16 (−0.82–0.64)




	
2001–2005

	
−0.44 (−1.10–0.60)

	
−0.38 (−1.11–0.47)

	
−0.18 (−0.87–0.58)




	
>2005

	
0.26 (−0.47–1.12)

	
0.04 (−0.55–0.85)

	
−0.04 (−0.76–0.73)




	
Boys

	
<1990

	
−0.36 (−1.12–0.43)

	
−0.51 (−1.21–0.32)

	
−0.51 (−1.22–0.33




	
1991–1995

	
−0.15 (−1.07–0.55)

	
−0.36 (−1.22–0.28)

	
−0.33 (−0.94–0.38)




	
1996–2000

	
−0.27 (−0.95–0.54)

	
−0.05 (−0.78–0.73)

	
−0.18 (−0.86–0.80)




	
2001–2005

	
−0.27 (−0.94–0.52)

	
−0.36 (−1.11–0.46)

	
−0.33 (−1.06–0.27)




	
>2005

	
0.05 (−0.85–1.02)

	
−0.12 (−0.82–0.75)

	
−0.12 (−0.95–0.62)








All values are shown as median (25th–75th percentiles). 1 BMI = Body Mass Index.
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Table 3. Mean physical fitness score by body weight and wave for girls aged 11–13 y (n = 1.739).






Table 3. Mean physical fitness score by body weight and wave for girls aged 11–13 y (n = 1.739).





	

	
Girls




	

	

	
11 y

	
12 y

	
13 y




	

	

	
Normal-Weight

	
Obese

	
Normal-Weight

	
Obese

	
Normal-Weight

	
Obese




	

	
Wave

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
4×5-m s

	
<1990

	
7.49

	
0.37

	
7.57

	
0.69

	
7.29

	
0.33

	
7.71

	
0.90

	
7.23

	
0.37

	
7.50

	
0.47




	
1991–1995

	
7.56

	
0.43

	
7.86

	
0.44

	
7.43

	
0.43

	
7.48

	
0.36

	
7.27

	
0.42

	
7.43

	
0.45




	
1996–2000

	
7.73

	
0.50

	
8.29

	
0.68

	
7.58

	
0.56

	
8.11

	
0.75

	
7.27

	
0.41

	
7.55

	
0.36




	
2001–2005

	
7.78

	
0.55

	
7.94

	
0.41

	
7.51

	
0.48

	
8.06

	
0.62

	
7.41

	
0.58

	
7.74

	
0.47




	
>2005

	
8.05

	
0.48

	
8.46

	
0.48

	
7.85

	
0.51

	
8.43

	
0.75

	
7.75

	
0.51

	
8.19

	
0.51




	
30-m s

	
<1990

	
5.48

	
0.38

	
5.61

	
0.58

	
5.29

	
0.29

	
5.87

	
0.51

	
5.25

	
0.32

	
5.49

	
0.22




	
1991–1995

	
5.45

	
0.36

	
5.77

	
0.55

	
5.28

	
0.45

	
5.52

	
0.38

	
5.14

	
0.45

	
5.39

	
0.45




	
1996–2000

	
5.45

	
0.37

	
5.89

	
0.77

	
5.28

	
0.36

	
5.73

	
0.50

	
5.14

	
0.33

	
5.52

	
0.41




	
2001–2005

	
5.45

	
0.45

	
5.62

	
0.32

	
5.22

	
0.38

	
5.61

	
0.38

	
5.21

	
0.42

	
5.59

	
0.42




	
>2005

	
5.43

	
0.37

	
5.81

	
0.47

	
5.25

	
0.37

	
5.67

	
0.44

	
5.16

	
0.34

	
5.50

	
0.49




	
60-m s

	
<1990

	
10.99

	
1.32

	
11.35

	
1.43

	
10.36

	
0.71

	
12.24

	
1.38

	
10.24

	
0.70

	
10.83

	
0.53




	
1991–1995

	
10.81

	
0.85

	
12.35

	
2.42

	
10.31

	
1.08

	
10.75

	
0.78

	
10.20

	
1.40

	
10.60

	
1.00




	
1996–2000

	
10.77

	
0.81

	
11.94

	
1.67

	
10.44

	
1.27

	
11.35

	
0.96

	
9.97

	
0.80

	
10.99

	
1.04




	
2001–2005

	
10.69

	
1.05

	
11.04

	
0.75

	
10.19

	
0.90

	
10.99

	
0.83

	
10.14

	
1.00

	
10.96

	
1.06




	
>2005

	
10.48

	
1.18

	
11.41

	
1.09

	
10.20

	
0.74

	
11.29

	
1.05

	
10.01

	
0.80

	
10.79

	
1.07








4×5-m = 4×5 m sprint test, s = seconds; 60-m = 60-m sprint test; 30-m = 30-m sprint test.
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Table 4. Mean physical fitness score by body weight and wave for boys aged 11–13 y (n = 2.184).






Table 4. Mean physical fitness score by body weight and wave for boys aged 11–13 y (n = 2.184).





	

	

	
Boys




	

	

	
11 y

	
12 y

	
13 y




	

	

	
Normal-Weight

	
Obese

	
Normal-Weight

	
Obese

	
Normal-Weight

	
Obese




	

	
Wave

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
4×5-m s

	
<1990

	
7.31

	
0.46

	
7.63

	
0.49

	
7.11

	
0.54

	
7.43

	
0.43

	
6.87

	
0.44

	
7.14

	
0.27




	
1991–1995

	
7.27

	
0.35

	
7.69

	
0.45

	
7.09

	
0.52

	
7.16

	
0.61

	
6.85

	
0.41

	
7.22

	
0.43




	
1996–2000

	
7.42

	
0.47

	
7.88

	
0.57

	
7.25

	
0.49

	
7.54

	
0.42

	
6.96

	
0.44

	
7.27

	
0.40




	
2001–2005

	
7.38

	
0.45

	
7.95

	
0.49

	
7.22

	
0.47

	
7.87

	
0.69

	
6.93

	
0.43

	
7.52

	
0.41




	
>2005

	
7.76

	
0.57

	
8.37

	
0.71

	
7.49

	
0.53

	
7.96

	
0.59

	
7.30

	
0.54

	
7.74

	
0.71




	
30-m s

	
<1990

	
5.27

	
0.33

	
5.78

	
0.32

	
5.04

	
0.32

	
5.70

	
0.40

	
4.81

	
0.32

	
5.24

	
0.39




	
1991–1995

	
5.29

	
0.36

	
5.76

	
0.36

	
5.08

	
0.68

	
5.49

	
0.55

	
4.94

	
0.54

	
5.36

	
0.53




	
1996–2000

	
5.31

	
0.41

	
5.67

	
0.45

	
5.17

	
0.40

	
5.63

	
0.45

	
4.89

	
0.39

	
5.17

	
0.53




	
2001–2005

	
5.24

	
0.35

	
5.60

	
0.35

	
5.05

	
0.37

	
5.49

	
0.84

	
4.76

	
0.38

	
5.18

	
0.43




	
>2005

	
5.26

	
0.45

	
5.91

	
0.56

	
5.11

	
0.47

	
5.59

	
0.73

	
4.84

	
0.45

	
5.34

	
0.71




	
60-m s

	
<1990

	
10.29

	
0.76

	
11.28

	
0.63

	
9.71

	
0.75

	
11.11

	
1.18

	
9.17

	
0.74

	
10.19

	
0.95




	
1991–1995

	
10.33

	
0.85

	
11.48

	
0.93

	
10.07

	
1.56

	
10.85

	
1.33

	
9.49

	
1.22

	
10.34

	
1.13




	
1996–2000

	
10.52

	
1.65

	
11.23

	
1.45

	
10.11

	
0.99

	
11.09

	
1.01

	
9.41

	
0.92

	
10.20

	
1.28




	
2001–2005

	
10.22

	
0.86

	
11.04

	
0.76

	
9.76

	
0.81

	
10.92

	
1.95

	
9.10

	
0.76

	
10.11

	
0.91




	
>2005

	
10.20

	
0.97

	
11.56

	
1.20

	
9.92

	
0.98

	
10.84

	
1.62

	
9.32

	
0.80

	
10.30

	
1.58








4×5-m= 4×5 m sprint test, s = seconds; 60-m = 60-m sprint test; 30-m = 30-m sprint test.
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Table 5. Multivariate analysis of the whole sample.






Table 5. Multivariate analysis of the whole sample.





	

	

	
4×5-m (s)

	
60-m (s)

	
30-m (s)






	
All the sample

	
BMI 3

	
<0.001

	
<0.001

	
<0.001




	
0.29 (0.25–0.34)

	
0.68 (0.59–0.78)

	
0.06 (0.09–0.19)




	
1991–1995

	
0.031

	
0.105

	
0.924




	
0.06 (0.01–0.34)

	
0.09 (−0.02–0.19)

	
0.00 (0.40–0.44)




	
1996–2000

	
<0.001

	
0.772

	
0.444




	
0.16 (0.10–0.21)

	
0.02 (−0.10–0.14)

	
−0.19 (−0.07–0.03)




	
2001–2005

	
<0.001

	
0.469

	
0.843




	
0.18 (0.12–0.24)

	
−0.04 (−0.16–0.75)

	
−0.00 (−0.05–0.04)




	
>2005

	
<0.001

	
0.691

	
0.953




	
0.49 (0.43–0.55)

	
−0.02 (−0.15–0.10)

	
0.00 (−0.04–0.05)




	
Age

	
<0.001

	
<0.001

	
<0.001




	
−0.20 (−0.21–0.19)

	
−0.46 (−0.21–0.41)

	
−0.18 (−0.18–0.16)




	
Gender

	
<0.001

	
<0.001

	
0.02




	
−0.29 (–0.33–0.25)

	
−0.45 (–0.53–0.37)

	
−0.07 (–0.14–0.008)




	
Normal

weight

	
Age

	
<0.001

	
<0.001

	
<0.001




	
−0.20 (−0.21–0.18)

	
−0.43 (−0.46–0.40)

	
−0.18 (−0.19–0.17)




	
Gender

	
<0.001

	
<0.001

	
<0.001




	
−0.31 (–0.35–0.26)

	
−0.49 (–0.58–0.40)

	
−0.21 (–0.24–0.17)




	

	
1991–1995

	
0.046

	
0.149

	
0.993




	
0.06 (0.00–0.11)

	
0.08 (−0.03–0.20)

	
0.00 (0.04–0.05)




	

	
1996–2000

	
<0.001

	
0.462

	
0.565




	
0.15 (0.09–0.21)

	
0.05 (−0.08–0.17)

	
−0.01 (−0.07–0.04)




	

	
2001–2005

	
<0.001

	
0.552

	
0.751




	
0.15 (0.09–0.21)

	
−0.04 (−0.17–0.09)

	
−0.01 (−0.06–0.04)




	

	
>2005

	
<0.001

	
0.292

	
0.247




	
0.44 (0.37–0.50)

	
−0.07 (−0.20–0.06)

	
0.03 (−0.09–0.02)




	
Obese

	
Age

	
<0.001

	
<0.001

	
<0.001




	
−0.24 (−0.28–0.20)

	
−0.48 (−0.57–0.39)

	
−0.21 (−0.24–0.18)




	
Gender

	
<0.001

	
<0.001

	
0.035




	
−0.24 (–0.35–0.13)

	
−0.34 (–0.57–0.10)

	
−0.11 (–0.21–0.01)




	

	
1991–1995

	
0.795

	
0.696

	
0.586




	
−0.02 (−0.20–0.15)

	
0.08 (−0.31–0.46)

	
0.04 (−0.11–0.19)




	

	
1996–2000

	
<0.011

	
0.654

	
0.775




	
0.23 (0.05–0.41)

	
0.09 (−0.30–0.48)

	
−0.02 (−0.13–0.18)




	

	
2001–2005

	
0.001

	
0.700

	
0.868




	
0.30 (0.12–0.81)

	
−0.08 (−0.47–0.32)

	
−0.13 (−0.14–0.17)




	

	
>2005

	
<0.001

	
0.773

	
0.301




	
0.63 (0.46–0.81)

	
−0.06 (−0.32–0.44)

	
0.08 (−0.07–0.24)








3 BMI = Body Mass Index; 4×5-m = 4×5 m sprint test, s = seconds; 60-m = 60-m sprint test; 30-m = 30-m sprint test.
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