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Monitoring fitness levels and detecting implications for health on a lar ge scale of the general

population

Abstract

Objective

To analyze the physical fitness level of 31 133 French citizens aged between 8 and 60 years old and
represent the performances through a bi-exponential model.

Methods

We collected data from 231 events that took place in French regions between 2006 and 2010 and
analyzed participation and physical fitness using a simple series of tests. We assessed outcome measures
in relation to age and BMI using Spearman Rho, a one way ANOVA and a bi-exponential model.

Results

Our major results showed higher performances for men and for subjects with normal BMI at all age
groups except for the flexibility test. Body mass index is strongly correlated across all ages with physical
fitness p < 0.0001. Those results are in accordance with the literature. Furthermore, through a bi-
exponential model, a mean peak performance was identified at 26.32 years old for men and 22.18 years

old for women.

Conclusion
Physical fitness assessment using simple tests is applicable on the general population and is correlated to
age, BMI and health status. The application of a bi-exponential model offers a global approach to monitor

public health.
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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 (Cole, 2003) (Fogel, 2004) (Floud et al., 2011) . Physical
fitness is one of the most important factors that determined the survival of our ancestors (O'Keefe et al.,
2010) 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 (Andreasi et al., 2010)(Marques-Vidal et al., 2010)(Nielsen & Andersen, 2003)(Sassen et al., 2010).

Despite the evidence of a strong inverse mortality gradient across fitness groups, with a 50% lower
mortality rate for the highly fit group (Blair et al., 2001) a better lipid profile and a decreased incidence of
coronary heart disease (Sternfeld et al., 1999), 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 (Guthold et al., 2010). This high level of
sedentary behavior is observed in worldwide regions and patterns of physical activity and fitness are
deteriorating (Guthold et al., 2010). Also, European adolescents are not meeting the recommendations
set to limit time viewing television to no more than 2 hours per day (Rey-Lépez et al., 2010). 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)(Ortega et al., 2005)(Powell et al., 2009) and secular trends in the aerobic performance of children
and adolescents have been evaluated in the developed world (Tomkinson et al., 2003). 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 (Tremblay et al., 2010). For instance, total body fat, habitual physical activity and
socioeconomic status have been independently correlated to physical fitness (Jiménez Pavén et al.,
2010).

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, lle-de-France, Langedoc-Roussillon, Midi-Pyrénées, Nord-
Pas-de-Calais, Pays de la Loire, Rhone-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 (Mouraby et al., 2011). Indicators were age, Body Mass Index (BMI) (Weight (kg)/Height
(cm) ?), 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.

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.

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 (Moore, 1975) (Berthelot et al., 2011) was used to fit the progression-
regression curve across all age groups for each of the speed test, standing broad Jump, 20 meter shuttle

run and the repeated squat jump test.
P(t)= ax(l—ebtj +c><(1— edtj

The coefficients a, b, c and d are estimated using a least-square non-linear regression method with:



a,c,d>0
b<O0

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 (12-17) 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 1.

Underweight 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.

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.

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

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 (Cole, 2003). 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
(Tomkinson et al., 2003). 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) (Moreno et al., 2008) and AVENA (
Alimentacion Valoracion del Estado Nutriocional en Adolescentes) (Moreno et al., 2003) 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 (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 (Schulz & Curnow, 1988). All individuals are subject to a
development phase then undergo a decline during ageing that can be easily described through a bi-
exponential model (Berthelot et al., 2011). 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-
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60 years old) performed higher scores than children and adolescents in all tests. Furthermore, we
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
(Powell et al., 2009) (Lakoski et al., 2011) (Kampert et al., 1996). 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 (Amesberger et al., 2011).

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 (Erikssen, 2001). 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 (Naughton et al., 2006).

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 (Wrench & Garret, 2008). 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 (Blair et al.,
2001).

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 (Holtermann et al.,
2011)(Ross & Bradshaw, 2009). Multilevel programs such as ICAPS (Simon et al., 2006) 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

(Andersen et al., 2009).



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.
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Figure and table legends

Table 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, lle-de-France, Langedoc-Roussillon, Midi-Pyrénées, Nord-Pas-de-Calais, Pays de la

Loire, Rhone-Alpes).

Table 2: Representation of mean scores according to gender and age group. SD: Standard Deviation, Min:

Minimum value, Max: Maximum value.

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: 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 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™and the 20m shuttle run
test (20m run) in m.sfor men and women at all ages. Peak age calculated is 30.9 years old R2= 0.84 for
men and 26.1 years R?= 0.86 for women in the SBJ test. For the RSJ test: 30.9 years old R?=0.85 for men
and 26 years R?= 0.78 for women. For the Sp test: 24.9 years R?=0.86 for men and 21.2 years R?= 0.87 for

women. For the 20 m run test: 22.5 years R%= 0.77 for men and 17.7 years R?=0.71 for women.
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MALES 4-80 FEMALES 4-72

Year Promotional Campaign days Participants Promotional Campaign days Participants
2006 8 919 9 1004
2007 44 2754 41 2272
2008 80 6598 83 6712
2009 68 3465 73 3615
2010 27 2190 25 1829
Total 227 15917 231 15432

Table 1: Distribution of promotional campaign days and participants between 2006 and 2010. The campaigns took place in 12 out of 22 regions in France (Alsace,
Aquitaine, Bretagne, Bourgogne, Champagne-Ardenne, lle-de-France, Langedoc-Roussillon, Midi-Pyrénées, Nord-Pas-de-Calais, Pays de la Loire, Rhdne-Alpes).
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Table 2: Representation of mean scores according to gender and age group. SD: Standard Deviation, Min: Minimum value, Max: Maximum

value.

Age Gender n  Mean SD Min Max Mean SD Min Max Mean SD Min  Max Mean SD Min  Max
gsmn Boys 3267 143.12 2324 50 300 | g12.28 112 8.02 21.82 51961 6236 80 950 [ g 70286 11582 230 1740
Girls 3227 130.64 22.38 50 250 ﬁ 1296 1.18 937 24.00| /49024 5577 180 900 | = 653.73 108.76 180 1123
;12t017 Boys 9786 174.74 3518 45 305 | of 1133 135 81 3825 566.99 75.77 200 1000 | =| 85846 180.94 300 1900
b= Girls 9710 147.17 2644 30 400 §12.27 128 85 4000 5 5122 6058 120 980 | 5{719.22 12223 280 1224
g 18t039 Men 2172 213.26 3048 90 400 104 104 791 205 | E[61827 6968 300 1000 §1075.93 153.25 420 1610
= Women 2001 159.79 27.16 49 255 | o] 11.84 125 9.02 26.00 51564 68.02 200 800 | 79183 130.66 160 1260
2|40to60 Men 557 19521 2864 80 265 | & 11.09 12 9.18 20.16 566.19 7221 200 760 | | 986.14 147.05 300 1360
3 Women 413 15015 28.89 60 250 1257 162 9.69 24.74 482.05 68.57 240 700 75085 1411 200 1620
Age Gender n  Mean SD Min Max Mean SD Min Max Mean SD Min Max
8toll Boys 3267 58 1 4 4574 2612 1593 0 126 [ &) 329 089 1 5
Girls 3227 624 077 4 1900| 22000 1235 0 100 | =f 357 093 1 5
o|12tol7 Boys 9786 533 072 333 12.53 23027 1902 0 160 2 346 092 O 5
= Girls 9710 581 069 367 1613| =/2085 1263 0 148 | = 38 095 0 5
§18t039 Men 2172 47 052 363 10.15[ & 4678 2055 0 150 | = 376 09 1 5
b Women 2001 563 075 4 1297| (2597 1481 0 110 2 413 089 1 5
40to60 Men 557 513 067 405 1237 4039 1997 0 160 | = 373 092 1 5
Women 413 61 088 433 1179 275 162 0 150 424 088 0 5
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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.
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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.
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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 and the 20m shuttle run test (20m run) in m.s™ for men and women at all ages. Peak age calculated
is 30.9 years old R?= 0.84 for men and 26.1 years R?= 0.86 for women in the SBJ test. For the RSJ test: 30.9 years old R?=0.85 for men and 26
years R?= 0.78 for women. For the Sp test: 24.9 years R?=0.86 for men and 21.2 years R?= 0.87 for women. For the 20 m run test: 22.5 years
R2=0.77 for men and 17.7 years R?=0.71 for women.
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