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Introduction

Human species has been increasing in body size over the past two centuries. Interestingly, weight continues to increase in spite of height stability [START_REF] Cole | The secular trend in human physical growth: a biological view[END_REF] [START_REF] Fogel | The escape from hunger and premature death, 1700-2100[END_REF] [START_REF] Floud | The changing body: Health, Nutrition, and Human Development in the Western World since 1700[END_REF] . Physical fitness is one of the most important factors that determined the survival of our ancestors [START_REF] O'keefe | Achieving hunter-gatherer fitness in the 21(st) century: back to the future[END_REF] and it is also an indicator of health status. Several epidemiological studies have measured fitness levels using different methodologies in order to understand the secular trends and their relation to health [START_REF] Andreasi | Physical fitness and associations with anthropometric measurements in 7 to 15-year-old school children[END_REF] [START_REF] Marques-Vidal | Increased body fat is independently and negatively related with cardiorespiratory fitness levels in children and adolescents with normal weight[END_REF] [START_REF] Nielsen | The association between high blood pressure, physical fitness, and body mass index in adolescents[END_REF] [START_REF] Sassen | Cardiovascular risk profile: crosssectional analysis of motivational determinants, physical fitness and physical activity[END_REF].

Despite the evidence of a strong inverse mortality gradient across fitness groups, with a 50% lower mortality rate for the highly fit group [START_REF] Blair | Is physical activity or physical fitness more important in defining health benefits?[END_REF] a better lipid profile and a decreased incidence of coronary heart disease [START_REF] Sternfeld | Seven-year changes in physical fitness, physical activity, and lipid profile in the CARDIA study. Coronary Artery Risk Development in Young Adults[END_REF], sedentary behavior and declining physical fitness are still serious public health threats across all ages.

We are witnessing a worldwide burden of metabolic risk factors with 1.46 billion adults overweight or obese affecting health expenditure through the cost of morbidity and mortality. A low percentage of children (23.8% boys / 15.4% girls) aged between 13 and 15 years old in 34 developing countries are meeting the 60 minutes exercise/day recommendations [START_REF] Guthold | Physical activity and sedentary behavior among schoolchildren: a 34-country comparison[END_REF]. This high level of sedentary behavior is observed in worldwide regions and patterns of physical activity and fitness are deteriorating [START_REF] Guthold | Physical activity and sedentary behavior among schoolchildren: a 34-country comparison[END_REF]. Also, European adolescents are not meeting the recommendations set to limit time viewing television to no more than 2 hours per day [START_REF] Rey-López | Sedentary patterns and media availability in European adolescents: The HELENA study[END_REF]. The physical inactivity pattern of children and adolescents is highly correlated with media availability, access to electronic offer and time spent television viewing, internet surfing, and playing computer or video games.

A number of international studies investigated the fitness level of children and adolescents on representative samples of the population (e g: HELENA, AVENA, EYHS…) (Moliner-Urdiales et al., 2010) [START_REF] Ortega | Low level of physical fitness in Spanish adolescents. Relevance for future cardiovascular health (AVENA study)[END_REF] [START_REF] Powell | Low physical fitness among fifth-and seventh-grade students, Georgia, 2006[END_REF] and secular trends in the aerobic performance of children and adolescents have been evaluated in the developed world [START_REF] Tomkinson | Secular trends in the performance of children and adolescents (1980-2000): an analysis of 55 studies of the 20m shuttle run test in 11 countries[END_REF]. However, to our knowledge there exist few studies reporting the physical fitness level of adolescents, adults and elderly through the same test.

The measurement of physical fitness is a challenging objective due to high variability and the presence of correlated factors [START_REF] Tremblay | Fitness of Canadian children and youth: results from the 2007-2009 Canadian Health Measures Survey[END_REF]. For instance, total body fat, habitual physical activity and socioeconomic status have been independently correlated to physical fitness [START_REF] Jiménez Pavón | Socioeconomic status influences physical fitness in European adolescents independently of body fat and physical activity: the HELENA study[END_REF].

The objective of the following study is to analyse the results of a French series of tests designed by the Athletic Track and Field Federation Ligue-Nord-Pas-de-Calais and performed on a large sample of the population between 2006 and 2010.

Methods

Sample preparation and origin

Advertising promotional campaigns in the region, via schools or organization took place prior to the date of the test. The schools, municipalities and major local representatives were aware of the coming event and encouraged all inhabitants of the region, children at school and workers to come and test their physical fitness. The events took place in 12 regions out of 22 in France metropolitan (Alsace, Aquitaine, Bretagne, Bourgogne, Champagne-Ardenne, Ile-de-France, Langedoc-Roussillon, Midi-Pyrénées, Nord-Pas-de-Calais, Pays de la Loire, Rhône-Alpes) and the recruitment was based on a voluntary basis.

Tests and Subjects:

The physical fitness series of test has been developed by the organizers of this event and validated in a previous study [START_REF] Mouraby | Fiabilité et validation de la batterie de tests physiques Diagnoform[END_REF]. Indicators were age, Body Mass Index (BMI) (Weight (kg)/Height (cm) 2 ), and fitness score on each test. Body Mass Index for children and adolescents was according to the French National Plan for Nutrition and Health (PNNS) scales. For adults a BMI < 18.5 was considered underweight (UW), BMI 18.5 to 24.9 Normal Weight (NW), BMI 25-29.9 Overweight (OW) and BMI > 30 was considered Obese (OB). All subjects performed the same series of tests named Diagnoform tonic ®, separate batteries of tests were designed for other age groups or subjects with health contraindications.

All measurements were collected by trained staff and the reporting was supervised. We extracted anonymous data from the organizers of the events between 2006 and 2010.

Field site description

The event took place in large settings such as a schools' play ground or sports club gymnasiums. The organizers of the event prepared the site in advance and planned the process to welcome a large flow of people at the same time. A separate area was specifically set to fill in the results on the database, print result sheets and lead each participant to a nutritionist or physical educator present to give oral advice on health, physical activity and nutrition.

Description of Tests: (35-40mn workshop)

1. Non-progressive 20m shuttle run measures the maximum distance reached during a 3 minutes run (in meters). The subject is invited to run back and forth on a straight 20m line for 3 minutes.

The supervisor counts the number of times the subject went back and forth and translates it to a measurement.

2. Standing broad jump test measures explosive strength (in centimeters). The subject jumps as far as possible with legs joined. 

Statistical Analysis

Descriptive analysis: Mean, standard deviation, Min and Max values for each test and according to age groups (children: 8 to 11, adolescents: 12 to 17 and adults 18 to 60) were calculated.

Comparisons: A one-way ANOVA has been used to test for statistical difference between age groups, weight categories and performances for each test.

Correlation: Spearman Rho correlation was calculated to measure the relationship between BMI and the different measures of tests.

Model: A bi-exponential model [START_REF] Moore | A study of age group track and field records to relate age and running speed[END_REF] [START_REF] Berthelot | Exponential growth combined with exponential decline explains lifetime performance evolution in individual and human species[END_REF] was used to fit the progressionregression curve across all age groups for each of the speed test, standing broad Jump, 20 meter shuttle run and the repeated squat jump test.
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The coefficients a, b, c and d are estimated using a least-square non-linear regression method with:
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Analysis was performed using MATLAB and SPSS, v.19.0 for WNDOWS; SPSS Inc, Chicago.

Results

Descriptive

The total number of recruited subjects was 31 133 for 8-60 years old. Children 8 to 11 n=6494 (20.85%), adolescents [START_REF] Kampert | Physical activity, physical fitness, and allcause and cancer mortality: a prospective study of men and women[END_REF](13)(14)(15)(16)(17) 

Correlations

BMI and performance

Boys generally performed better than girls in all performances. Girls seem more flexible than boys across all ages and weight categories.

Adults in the normal weight for height category (BMI 18.5-24.9) performed longer distances in the 20m shuttle run (Men: 621. 2 meters for Normal Weight (NW) versus 568. 8 meters for overweight (OW), Women: 516 meters for NW versus 467. 30 meters for OW) ; standing broad jump (Men: 213.9 cm NW versus 199,57 cm OW, Women: 160,73cm NW versus 142. 7 cm OW); repeated squat jump (Men: 1077.6 cm NW versus 1017,22 cm OW, Women: 797.1 cm NW versus 706.6 cm OW) and had the best records in respect to time for each of the 4*10m shuttle run and speed test.

ANOVA analysis revealed a statistically significant difference p < 0.0001 between all groups in function of BMI category UW, NW, OW, OB. 

Age and performance

Spearman Rho correlations were small to medium between age and the physical tests for women p < 0.0001 and medium to strong correlation for men, but all significant p < 0.0001.

Performance increases with age until the ages 26-30 then we observe a decrease, demonstrating a progression regression curve that is represented in Figure 3.

The mean age peak performance for the speed, standing broad jump, 20m shuttle run and repeated squat jump fitness tests is 26.32 for men and 22.18 for women.

Discussion

This study analyzes the data collected from the Diagnoform® test in function of age, sex and BMI. The major results of the following study are the mean average performances of the sample and the application of progression-regression law on performance revealing a mean peak at 26.32 years old for males and 22.18 for women showing a greater precocity and earlier decline suggestive of determinants in biological development [START_REF] Cole | The secular trend in human physical growth: a biological view[END_REF]. We found that girls had a lower physical fitness performance rate at all ages compared to boys except for the flexibility test which is in accordance with the literature [START_REF] Tomkinson | Secular trends in the performance of children and adolescents (1980-2000): an analysis of 55 studies of the 20m shuttle run test in 11 countries[END_REF]. In addition, overweight and obese subjects performed less well compared to their peers in the same age group and sex revealing the negative effect of increased adiposity on physical fitness.

Children and adolescents

In our study we observed that French adolescents performed similarly to their Spanish scholars in the HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) [START_REF] Moreno | Design and implementation of the Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study[END_REF] and AVENA ( Alimentacion Valoracion del Estado Nutriocional en Adolescentes) [START_REF] Moreno | Harmonization of anthropometric measurements for a multicenter nutrition survey in Spanish adolescents[END_REF] (2001)(2002) and to 11.2 +/-0.9 in the HELENA study (2006)(2007). Girls had a mean score of 12.3 seconds +/-1.3 in the Diagnoform test, 12.6 +/-0.9 seconds in the AVENA study and 12.3 +/-0.9 seconds in the HELENA study. For the standing broad jump in the Diagnoform sample the boys had a score of 174.7 +/-35.2 cm approaching the results of the HELENA study at 176.5 +/-27.6 cm.

Girls had a score similar to the AVENA study with 147.17 +/-26.44 and 149.0 +/-22.9 cm respectively.

Although many factors such as physical activity, nutritional status, environmental factors and protocol details might be responsible for variability we observe a similar trend between the adolescents in the three mentioned studies.

The development of physical fitness performance with age

Several studies identified the age of peak performance. The relationship between age and physical ability is a major characteristic of human development [START_REF] Schulz | Peak performance and age among superathletes: track and field, swimming, baseball, tennis, and golf[END_REF]. All individuals are subject to a development phase then undergo a decline during ageing that can be easily described through a biexponential model [START_REF] Berthelot | Exponential growth combined with exponential decline explains lifetime performance evolution in individual and human species[END_REF]. The general population is now subject to sedentary behavior.

Thus the measurement of fitness is necessary to evaluate the physical capacity and capability of coping.

Moore's equation offers a simple model that clearly depicts the development phase of children, adolescents, young adults and the declining phase of older adults and elderly. Adults in our sample (18-specifically observed that adults aged 40 to 60 years old performed better than expected given their age.

In fact, physical fitness is expected to decline with age if not maintained with a habitual physical activity [START_REF] Powell | Low physical fitness among fifth-and seventh-grade students, Georgia, 2006[END_REF] [START_REF] Lakoski | Impact of body mass index, physical activity, and other clinical factors on cardiorespiratory fitness (from the Cooper Center longitudinal study)[END_REF] [START_REF] Kampert | Physical activity, physical fitness, and allcause and cancer mortality: a prospective study of men and women[END_REF]. However, given the lack of detailed information on their habitual physical activity we are unable to report correlations that might infer this conclusion. We assume that the sample in our study are more aware and competent in the physical fitness domains such as coordination, endurance and flexibility compared to how physical fitness is valued and skilled in older people [START_REF] Amesberger | Physical self-concept and physical fitness in elderly individuals[END_REF].

Physical fitness measurement: a promotional tool?

Measuring physical fitness as a health indicator similar to body mass index (BMI) and waist circumference (WC) constitutes an essential variable to be monitored in order to analyze and understand the secular trends and the evolution of risks for metabolic and cardiovascular disease [START_REF] Erikssen | Physical fitness and changes in mortality: the survival of the fittest[END_REF]. Nevertheless, the correlation between the measurement at a given time and the follow-up process has not shown to reverse habits or modify behavior to increase physical fitness and daily energy expenditure. In fact, physical fitness testing and awareness is efficient if part of a larger multi-dimensional health promotion campaign that takes into consideration the nature and amount of habitual physical activity, the environment and the barriers [START_REF] Naughton | A challenge to fitness testing in primary schools[END_REF].

Assessing relevant health indicators using simple tools such as the physical fitness series of test offers an essential component of health impact assessment. Although, some authors discussed the inconclusive negative effects of large scale fitness testing [START_REF] Wrench | Pleasure and pain: experiences of fitness testing[END_REF]. Our study reinforces its importance and suggests implementing it following an intervention on habitual physical activity in order to demonstrate that the small changes in fitness are associated with a change in health [START_REF] Blair | Is physical activity or physical fitness more important in defining health benefits?[END_REF].

Perspectives

This series of tests seems an important initiative in the field of prevention and physical activity promotion in the French regions. The consequences of physical deconditioning can be mitigated with a well designed risk reduction strategy targeting the more in need while maintaining a critical approach in the understanding of the secular increase in the obesity and the sedentary behavior [START_REF] Holtermann | The health paradox of occupational and leisure-time physical activity[END_REF] [START_REF] Ross | The future of obesity reduction: beyond weight loss[END_REF]. Multilevel programs such as ICAPS [START_REF] Simon | ICAPS: a multilevel program to improve physical activity in adolescents[END_REF] in the eastern French region proved to be efficient in improving physical activity in adolescents. Other proposed effective ways to help in reversing the deconditioning process and in preventing undesirable effects is active transportation which can help in increasing physical fitness. For instance a 20 to 30 min cycling transportation to school or work may increase aerobic power and thus result in higher levels of fitness [START_REF] Andersen | Physical fitness in relation to transport to school in adolescents: the Danish youth and sports study[END_REF].

Successful physical activity interventions target intrapersonal, social, physical environmental and policy changes. This series of tests can be considered an important health indicator and might be able to complement strategies as a promotional tool. Its application on a representative population across all ages will open the possibility of creating quintiles, healthy fitness zones and analyze correlations with different life-style factors. Thereafter, evaluating changes that differ from normal zones would offer a new tool for public health monitoring.

Study limitations and strengths

The strengths in the following study are (1) the applicability of the same series of tests on a large French population across 4 years (2) the high number of participants during the promotional days and (3) the possibility of modeling the data using a new approach that offers a global transversal picture of the fitness level in a population according to performance in the series of tests. The major limitations in this study are the non-normal distribution of age, the minor representation of the elderly and the insufficient details on the physical activity habits of the participants.

Conclusion

Our study reports the physical fitness level of a large French sample and uses a bi-exponential model to show the consistency in depicting the progression-regression of fitness levels. Its applicability as an evaluation and monitoring tool might offer new insights in the field of health promotion. Figure 3: Bi-exponential model fit on the mean performances of 4 tests: the standing broad jump test (SBJ) in cm, the repeated squat jump test (RSJ) in cm, the speed test (Sp) in m.s -1 and the 20m shuttle run test (20m run) in m.s -1 for men and women at all ages. Peak age calculated is 30.9 years old R²= 0.84 for men and 26.1 years R²= 0.86 for women in the SBJ test. For the RSJ test: 30.9 years old R²=0.85 for men and 26 years R²= 0.78 for women. For the Sp test: 24.9 years R²=0.86 for men and 21.2 years R²= 0.87 for women. For the 20 m run test: 22.5 years R²= 0.77 for men and 17.7 years R²=0.71 for women. 

Figure and table legends

BMI Category

Flexibility Index Men Flexibility Index Women 

3.

  Repeated squat jump test measures explosive strength, elastic energy and coordination (in centimeters). The subject jumps 5 consecutive jumps with legs joined. 4. 4x10 meter shuttle run test measures speed and agility by recording the minimal time needed to complete the 40 meters course (in seconds). 5. Speed measures anaerobic capacity by running as fast as possible a 30 meters course (in seconds). 6. Flexibility test measures leniency and the capacity to reach as far as possibly down starting from standing position and maintaining the position for 3 seconds. Records are indexed: for placing hands flat on the ground = 5, fingers touch the ground = 4, fingers reach the ankle = 3, fingers reach the tibia = 2, fingers/hand reach the knees = 1 7. Pushups test measures muscular strength and endurance. Subject performs repetitions with knees on the ground, lowering body to a 90 degree elbow angle and then back up to the initial position.

Figure 1 and

 1 Figure 1 and Figure 2 represent the relationships between the BMI and the 7 fitness tests.

  studies (Moliner-Urdiales et al., 2010) specifically in the 4x10m shuttle run and the standing broad jump. Boys in the Diagnoform test (2006-2010) had a mean score of 11.3 seconds +/-1.35 compared to 11.4 seconds +/-0.9 in the AVENA study

Table 1 :

 1 The distribution of promotional campaign days and participants from 2006 till 2010. The campaigns took place in 12 out of 22 regions in France (Alsace, Aquitaine, Bretagne, Bourgogne, Champagne-Ardenne, Ile-de-France, Langedoc-Roussillon, Midi-Pyrénées, Nord-Pas-de-Calais, Pays de la Loire, Rhône-Alpes).

Figure 1 :

 1 Figure 1: Mean performance in children and adolescents according to BMI categories. UW: underweight, NW: normal weight, OW: overweight, Ob: Obese. Bars represent +/-SD. P value < 0.0001 between categories.

Figure 2 :

 2 Figure 2: Mean performance in adults according to BMI categories. UW: underweight, NW: normal weight, OW: overweight, Ob: Obese. Bars represent +-/ SD. P value < 0.0001 between categories.

Figure 1 :

 1 Figure 1: Mean performance in children and adolescents according to BMI categories. UW: underweight, NW: normal weight, OW: overweight, Ob: Obese. Bars represent +/-SD. P value < 0.0001 between categories.

Figure 3 :

 3 Figure 3: Bi-exponential model fit on the mean performances of 4 tests: the standing broad jump test (SBJ) in cm, the repeated squat jump test (RSJ) in cm, the speed test (Sp) in m.s -1 and the 20m shuttle run test (20m run) in m.s -1 for men and women at all ages. Peak age calculated is 30.9 years old R²= 0.84 for men and 26.1 years R²= 0.86 for women in the SBJ test. For the RSJ test: 30.9 years old R²=0.85 for men and 26 years R²= 0.78 for women. For the Sp test: 24.9 years R²=0.86 for men and 21.2 years R²= 0.87 for women. For the 20 m run test: 22.5 years R²= 0.77 for men and 17.7 years R²=0.71 for women.

.

  n=19 496 (62.62%), and adults (18-60) n= 5143 (n=16.51%). The year 2008 was the year with the highest number of promotional campaign days and participants per campaign. The number of promotional campaign days between the years 2006-2010 with the corresponding number of participants per year is presented in table 1Underweight children and adolescents were 2.57% (boys) and 2.46 % (girls). Normal BMI was 78.32% (boys) and 80.88% (girls). Overweight children and adolescents were 14.42 % for boys, 12.90 % for girls. 4.68% boys and 3.66% girls were obese. Mean scores for the Diagnoform test across age groups are described in table 2.

Table 2 :

 2 Representation of mean scores according to gender and age group. SD: Standard Deviation, Min: Minimum value, Max: Maximum value.

Mean performance in adults according to BMI categories. UW: underweight, NW: normal weight, OW: overweight, Ob: Obese. Bars represent
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