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Chapter 3

Increase in BMI and Negative
Muscular Strength Trends in
Adolescents in 1990 and 2020:
Results from the Regional
Observatory of Motor Development
in Southern Italy

Domenico Monacis and Dario Colella

Abstract

In the last decades, low levels of physical activity and sedentary lifestyles were
associated with the progressive decline in physical fitness in children and adolescents.
The present cross-sectional study aims to assess the evolution of muscular strength in
adolescents in an Apulia province (Italy), comparing motor performance in 1990 and
2020. The sample consists of 107 adolescents attending secondary school in Lecce in
1990, and 118 attending the same school in 2020 (11-12 years old). After dividing the
sample according to gender and BMI, muscular strength was assessed with Standing
Long Jump (SL]) and Medicine Ball Throw 2 kg (MBT). Statistical analysis included
ANOVA to highlight significant differences in motor performances in 1990 and
2020 according to gender and BMI, and linear regression to investigate the variance
explained by BMI on SLJ and MBT. The results showed (a) lower motor performance
in 2020 compared to 1990, (b) the increase in the percentage of overweight-obese
from 1990 to 2020, and (c) a negative association between BMI and the SLJ in 2020.
Findings suggest the need to assess and monitor physical fitness—as a health status
indicator—in adolescents, and promote further opportunities to encourage and
expand the time spent in physical activity in Apulia.

Keywords: healthy lifestyles, cross-sectional study, obesity, muscular strength,
regional observatory

1. Introduction

Overweight and obesity are both specific causes of premature death in adulthood [1].
The progressive reduction of physical activity levels (PAL) in children and adolescents,
together with the increase of sedentary habits, promote the development of non-
communicable and chronic—cardiovascular, respiratory and metabolic—degenerative
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diseases [2, 3], bone demineralization and osteoporosis [4], but also sarcopenia, loss of
strength and muscle tone [5].

The international guidelines and recommendations of the World Health
Organization (WHO) provide for children and adolescents—aged between 5 and
17 years old—the daily practice of at least 60 minutes of moderate to vigorous
physical activity (MVPA), together with muscular strength activities [5].

However, several studies showed that a large percentage of children and adolescents
do not respect these guidelines and recommendations, preferring sedentary activities.
According to a recent report—including 298 schools from 146 countries around the
world—about 81% of students aged 1117 years old did not regularly engage in physical
activity in 2016 [6]. Furthermore, the socio-economic status was not a determining
variable in predicting PAL: in low-income countries and high-income countries, the
percentage of inactive children and adolescents was about 85 and 79%, respectively [6].

Sedentary habits during childhood and adolescence can generate a non-virtuous
circular process, in which reduced levels of physical activity contribute to further
reducing opportunities for motor practice (i.e., sports activities, recreational activi-
ties, group games, unstructured physical activity, free play, etc.), with consequent
negative effects on physical literacy and motor development [7].

The latest data of the HBSC study—Health Behavior in School-aged Children—
Health-related behaviors in school-age children [8]—aimed at monitoring the health
and related factors of children in about 50 countries in Europe and North America,
highlighted that (data referred to 2018):

* since 2014 there has been a global progressive decline in levels of moderate to
vigorous physical activity (MVPA) in children and adolescents;

* only 20% of children and adolescents practiced daily physical activity;

» the percentage of children/adolescents who regularly practice physical activity
decrease progressively as age increase;

* a high proportion of young people regularly consume alcoholic beverages;
* one in five teenagers is overweight/obese.

In Italy, the results of the HBSC report showed low levels of daily consumption of
fruit and vegetables (about 27% of young people), low levels of daily moderate to vig-
orous physical activity (similar results were found in Portugal and France) and high
levels of digital communication (smartphones, tablets, notebooks, etc.), especially in
girls aged 15 years old (about 63%).

These results are supported by the latest ISTAT (Istituto Nazionale di Statistica)
report referred to 2017-2018, according to which more than 2 million children and
adolescents in Italy are overweight (25.5% of children aged 3-17), with a significant
prevalence in boys (27.8%) than in girls (22.4%) [9]. Despite the slight decrease in
the percentage of overweight/obese children and adolescents—28.5% in 2010-2011
and 25.2% in 2017-2018—the percentage of inactive and sedentary young people still
remains very high: 1 million 925 thousand children and adolescents, equal to about
23% of the Italian population aged 3-17 years [9]. Italy together with Cyprus, Spain,
Greece and Malta is the country with the highest proportion of overweight/obese
children in the 7-8 years range [9].
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Furthermore, the latest Okkio alla SALUTE report—the Italian national sur-
veillance system on overweight, obesity and related risk factors in primary school
children (6-10 years)—coordinated by the National Center for Disease Prevention
and Health Promotion showed that the percentage of overweight and obese children
was 20.4 and 9.4%, respectively (data referred to 2019) [10].

What effects on physical fitness and health status?

Healthy lifestyles promote better body composition preventing overweight and
obesity [11], improving muscle strength development and a better functionality of
the cardiovascular and lymphatic system [12, 13]. Regarding the psychological and
cognitive domain, physical activity in childhood and adolescence involves personal
well-being [14], and a better cognitive and emotional development [15, 16].

Recent findings revealed changes in body size, body circumferences and the
percentage of body fat in adolescents aged 16-17 years [17].

A recent systematic review analyzed the evolution of motor skills in children aged
6-18 years from 1972 to 2015, highlighted a progressive decline in aerobic fitness and
muscle power between 1986 and 2010-2012, and a moderate development of muscle
strength and speed in the same period [18]. Other studies associated the increasing
BMI (Body Mass Index) to decline in physical fitness related to 20 m shuttle run test
[19], standing long jump test, sit-and-reach test, 50 m sprint and aerobic fitness [20].
Low physical activity and higher levels of BMI were also associated with reduced
motor performance more significant in boys than girls [21-23] and especially in the
13-14 years group [24].

Previous studies, based on the monitoring of physical fitness in Apulia Region
(Southern Italy), showed lower motor performance (strength, speed and aerobic
fitness) in overweight/obese children aged 9-10 years, associated with lower levels of
self-perception and enjoyment compared to normal weight peers [25, 26].

The assessment of physical fitness in adolescents allows the acquisition of trans-
versal and longitudinal information on the development and evolution of motor
skills as health indicators. Furthermore, it is possible to infer the evolution of the
educational process during adolescence by combining anthropometric and physical
fitness data (BMI, strength, speed, aerobic fitness) with psychological factors related
to physical activity (e.g., intrinsic motivation, physical self-efficacy, enjoyment).

These data can be used to carry out surveillance studies necessary and unavoidable
to program and to put into practice multi-component and interdisciplinary interven-
tions, allowing dialog and synergies between the professionals dealing with health
promotion.

In Southern Italy, a large percentage of children and adolescents are overweight-
obese (about 32.7%) children and adolescents are very high [9]. In Apulia only 10%
of children and adolescents carry out daily physical activity for 1 hour, with 1 out of 5
teenagers overweight or obese; at the same time, there are high levels of consumption of
soda and sugars and low consumption of fruits and vegetables (lower than the recom-
mendation of at least 5 servings per day) [8]. Moreover, in addition to the analysis of
nutritional status highlighting alarming levels of overweight-obesity, there is a growing
feeling of malaise that teenagers live in the relationship with their body image [8].

Health status of children and adolescents were behind the development of the
Regional Observatory of Motor Development and Health Prevention in Apulia
(Italy), a regional project—included in the Triennial Apulia Guidelines 2019/2021
on Sport [27]—for secondary schools of first and second grade and coordinated by
the University of Foggia, afferent to the Laboratory of Didactics Motor Activities,
aiming at: (a) assess health status and physical fitness in children and adolescents;
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(b) create a regional database on motor development and levels of physical activ-
ity accessible and shared by different health professionals; (c) create and achieve
regional reference values about physical fitness and PAL; (d) compare PAL and motor
development of pupils in different ages; (e) disseminate results in different contexts
(school, university, healthcare system, sport, local administrators) by orienting
institutional resources and educational interventions; (f) develop and collect good
practices, didactic guidelines and methodological implications in physical education
(PE) for the promotion of healthy lifestyles. In addition, it allows to acquire and
periodically compare quanti-qualitative data on the evolution of physical fitness and
motor abilities in different geographical areas, evaluating the effectiveness of school,
institutional and sports interventions for health promotion.

In the light of this evidence, this study aims to assess the evolution (development
or decline) of strength levels in young adolescents aged 11-12 years, comparing motor
performance in 1990 and in 2020 in the same Apulia province (Lecce).

2. Materials and methods
2.1 Sample and study design

The present study used cross-sectional data from the “Regional Observatory of
Motor Development and Health Prevention” project in Apulia Region, coordinated
by the University of Foggia—Laboratory of Didactics of Motor Activities—aimed at
assessing levels of physical fitness and health in young children and adolescents. The
sample consisted of 107 and 118 children aged 11-12 years (first grade of the second-
ary school) attending the same school in Lecce, respectively in 1990 and in 2020.

The data from the 1990 sample were retrieved from physical education teacher’s
assessment during the monitoring carried out by the University of Foggia in the ‘90s,
while data from 2020 sample were collected as part of the Motor Development and
Health Prevention project. Written informed consent was obtained from all children’s
parents/guardians, both in 1990 and 2020 and stored at school institute.

2.2 Assessment tools

The assessment in 2020 involved anthropometric characteristics and a physi-
cal fitness test. Standing height and body weight were measured using a calibrated
stadiometer and a balance scale (nearest 0.1 cm), respectively. BMI was obtained by
dividing the body weight (kg) by the body height squared (m?) [28].

After collecting and analyzing the sample’s anthropometric characteristics
(weight, height and BMI), participants were classified as normal weight (Nw) or
overweight-obese (Ow-Ob) according to Cole’s standard definition for child over-
weight and obesity [29].

Starting from BMI, Cole’s Scale used cutoff points—based on centiles BMI curves
adjusted by age and sex—to define child’s normal weight, overweight or obese status [29].

The motor assessment involved the standing long jump—as a part of the Eurofit
Fitness Testing Battery [30]-—and the medicine ball throw test [31] to evaluate the
strength and explosive power of the lower and upper limbs, respectively.

The assessment protocol was the same in 1990 and in 2020, as follows:

* Standing long jump (SL]) [30]:
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» student behind the starting line, previously traced in the gym;

» from here—with the lower limbs slightly apart on the front plane—perform a
long jump with a semi-bend on the lower limbs, slandering the arms forward,
falling back on the mattress on equal feet;

s measure jump distance in meters, from the starting line to the nearest sign left by
the feet or from the other part of the body on the mattress;

» Medicine ball throw 2 kg (MBT) [31}]:

s student positioned with his feet slightly apart on the front plane behind a line
drawn on the floor—frontal to the throw direction—with his arms high and
grabbing a 2 kg medical ball;

» from this position, after performing a semi-bending on the lower limbs, the
throws the medical ball forward-up as far as possible;

» measure throw distance in meters.

For both physical fitness test, three trials were carried out. Only the best result was
considered.

2.3 Data collection procedure

After recovering data from the PE teachers monitoring in 1990, a group of
Graduates in Preventive and Adapted Motor Sciences conducted the assessment in
the same school in Lecce (Apulia) in 2020. For better reliability of the results, five
secondary school classes were randomly recruited and involved in the study, together
with their respective physical education teachers (n = 2).

Sample characteristics—in terms of age and educational attainment—were
the same in 1990 and 2020, while PE teacher’s characteristics were not considered
relevant variables in this study.

The monitoring activities were carried out by agreement with the school manager
and the physical education teachers involved.

Three Graduates in Preventive and Adapted Motor Sciences were recruited by the
Laboratory of Didactics of Motor Activities and trained to standardize the assessment
protocol.

The assessment was conducted during curricular physical education lessons
in January 2020 by Graduates in Preventive and Adapted Motor Sciences and PE
teachers.

2.4 Statistical analysis

After verifying the normal distribution of data with the Saphiro-Wilk test
(abnormal and minimum/maximum values were excluded), the results of
the descriptive analyses were reported in terms of mean and standard devia-
tion (M + SD). After verifying the homoscedasticity condition (Levene test),
variance analysis (ANOVA) was performed to compare motor performance in
1990 and 2020 (a) based on gender and BMI, and (b) based on total sample
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according to BMI. The effect size (ES; np’) was reported to estimate the size of

the detected differences, interpreting the values as follows: np” ~ 0.020 = low ES,
np* ~ 0.50 = medium ES and np* ~ 0.80 = high ES [32]. The chi-square test was used
to highlight any differences in the distribution of normal weight and overweight-
obese adolescents in 1990 and 2020. Linear regression analysis was performed to
investigate variance in physical fitness test explained by BMI in 1990 and 2020.
Data analysis was conducted using SPSS ver.25 software. All levels of significance
were setatp < 0.05.

3. Results

Table 1 summarizes the anthropometric characteristics (age, weight, height and
BMI) according to gender and BMI (normal weight and overweight-obese).
The analysis related to the prevalence of overweight-obesity (Table 2) showed that:

a.the proportion of overweight adolescents increased significantly from 5.3
(1990) t0 20.6% (2020) in boys (X?*= 6.250, p = 0.012), and from 4.0 (1990)
to 34.5% (2020) in girls (X* = 13.762, p = 0.000);

b.the percentage of the normal weight on total sample decreased signifi-
cantly from 92.5 to 60.2% (X? = 4.612, p = 0.032), while the percentage of
overweight and obese children increased from 4.7 to 27.1% (X 2=19.703,
p = 0.000) and from 2.8 t0 12.7% (X? = 8.000, p = 0.005), respectively.

Table 3 and Figures 1 and 2 summarize the results of the physical fitness tests
according to gender and BMI (Male/Female and Nw/Ow-0Ob). Results showed better
motor performance in the SLJ test in 1990 compared to 2020, regardless of gender
and/or BMI (male normal weight p = 0.016; male overweight-obese p = 0.049; female
normal weight p = 0.000; female overweight/obese p = 0.049; total normal weight

Sample
N Age Weight Height BMI
1990
Male Nw 54 11.17 + 0.50 40.38 £ 7.32 1.50 £ 0.07 1769 + 217
Ow-Ob 3 1167 £ 115 54.33 +1.52 152+ 0.07 2357 + 149
Female Nw 45 11.02+ 0.33 40.60 £ 746 149+ 0.05 1796 + 2.55
Ow-Ob 5 1120+ 045 60.20 £ 9.98 151+ 0.05 26.28 £ 3.04
2020
Male Nw 42 11.60 = 049 4032784 150+ 0.08 1773+ 214
Ow-Ob 21 11.62 + 049 58.54 + 1047 152+ 0.06 24.98 + 3.29
Female Nw 29 11.24 £ 043 40.64 +775 1511 0.08 1745+ 1.89
Ow-Ob 26 11.62 = 0.50 59.38 + 8.19 153+ 0.05 25.04 +2.90

Nw = normal weight, Ow-Ob = overweight-obese.

Table 1.
Anthropometric characteristics of the sample.
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Percentage of normal weight and overweight-obese adolescents

1990 2020 x? af ?
n % n %
Male Nw 54 94.7 42 66.7 1500 1 0.221
Ow 3 53 13 206 6.250 1 0.012
Ob 8 127 / / /
Female Nw 45 90 29 527 3459 1 0.063
Ow 2 4.0 19 345 13762 1 0.000
Ob 3 6.0 7 127 1.600 1 0.206
Total Nw 99 925 71 60.2 4.612 1 0.032
Ow 5 4.7 32 271 19703 1 0.000
Ob 3 28 15 127 8.000 1 0.005
Table 2.
Sample distribution about BML
Physical fitness test
1990 2020
M1 SD M:SD F df P '
Male SLJ Nw 157+ 0.23 146 £ 0.24 6.015 1 0.016 0.060
Ow-Ob 1231022 120+ 0.20 4.253 01 0.049 0.162
MBT Nw 4.88 + 0.87 424 +£1.05 10.591 1 0.002 0.101
Ow-Ob 470+ 115 410+ 0.76 1408 1 0.248 0.060
Female SLJ Nw 143+ 0.18 121+ 018 24.828 1 0.000 0.256
Ow-Ob 138+ 0.24 110+ 0.22 4.171 1 0.049 0.134
MBT Nw 431072 3.64 1 0.48 18.737 1 0.000 0.206
i Ow-0Ob 501+ 075 383:0.63 13.560 1 0.001 0.319
§ Total SLJ Nw 151+0.21 136£0.25 17.699 1 0.000 0.095
% Ow-Ob 142+ 0.22 115+ 0.21 8.599 1 0.005 0.144
§ MBT Nw 462+ 0.85 4.00£0.91 20.792 1 0.001 0.110
% Ow-Ob 4.89 1 0.85 395+ 0.70 11.439 1 0.001 0.178
% Table 3.

Motor performance about gender and BMI.

p = 0.000; total overweight/obese p = 0.005). The effect size values were relatively
low; higher levels were reported in the normal weight female group (yp” = 0.256).
The same results were obtained in the MBT test: all groups showed higher motor
performances in 1990 compared to 2020 (male normal weight p = 0.002; female
normal weight p = 0.000; female overweight/obese p = 0.001; total normal weight
p = 0.001; total overweight/obese p = 0.001), except in male overweight/obese.
Data analysis revealed better results in the 1990 sample, suggesting a decline in
lower and upper limb strength levels. The effect size values were relatively low, except
in female overweight/obese group (np” = 0.319).

ST,
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Figure 2.
Performance in MBT: 1990 vs 2020.
Linear regression between BMI and physical fitness test
BM1in 1990 BM1in 2020
b R’ F daf P b R? F daf P
SLJ —0.190 0.036 3971 1 0.052 -0.329 0.108 14.092 1 0.000
MBT 0.213 0.046 5.006 1 0.027 0.118 0.014 1.141 1 0.202
Table 4.

Relationship between BMI and motor performance.

Regression analysis (Table 4) highlighted the relation between BMI and motor

performance: in 1990 BMI was significantly related to MBT (b

=0.213.p = 0.027)

explaining only 4.6% of total variance, and in 2020 BMI was inversely related to SLJ
(b = —0.329, p = 0.000, with the 10.8% of the total variance explained).

36




Increase in BMI and Negative Muscular Strength Trends in Adolescents in 1990 and 2020...
DOI: http://dx.doi.ovg/10.5772/intechopen.104481

4, Discussion

This study aimed to assess and compare the evolution of physical fitness in adoles-
cents attending the first year of secondary school in 1990 and in 2020.

The first statistically significant (and alarming) data was related to the sample’s
distribution: the percentage of overweight and obese male adolescents increased from
5.3% in 1990 to 33.3% in 2020, and from 10.0 to 47.2% in females. This data, in addi-
tion to soliciting the interest of coaches, PE teachers, parents and institutional policies
(something has changed?), reflected the decline and involution of physical fitness over
the last 30 years.

Results showed a reduction and decline in motor performance from 1990 to 2020,
both in boys and girls regardless of the BMI. In addition, this study showed more
significant differences in girls than boys. The interpretation of the physical fitness
test underlined a key concept: adolescents in 1990 were stronger than those in 2020,
and this result cannot be considered separately from the increase in the percentage of
overweight-obesity.

BMI was related to MBT in 1990 and no relation was found SL] in the same year. In
2020 BMI was negatively associated with the SL], without significant effects on MBT.
These results lead to the following (possible) considerations:

* in 1990 the low percentage of overweight-obese children did not allow to define
the BMI a variable significantly associated with the strength of the lower limbs
(SLJ). At the same time, overweight-obese children in 1990 had higher upper
limb strength (MBT). The BMI helped to explain only 4.6% of variance of MBT
in 1990: a small percentage, although statistically significant, that put the BMI
in second plane in explaining these differences, considering that the sample was
almost exclusively normal weight (92.5%);

* in 2020 the BMI was inversely related to SLJ, so as the BMI increases, the motor
performance in the SLJ progressively reduced. Only BMI explains about 11% of
the total variance in the SLJ.

Contrary to findings evidenced by other studies [24, 33], according to which the
BMI increase it corresponds an increase of the upper limbs strength in the MBT, this
study did not provide a significant relation between BMI and MBT. This could imply
a flattening of motor performance and upper limb strength levels, regardless of BMI
levels. BMI did not determine, in this case, a greater strength expression in tasks that
require moving and/or moving an object (e.g., throwing), but it influences signifi-
cantly the SLJ, that is, a task requiring the horizontal movement of the entire body,
stressing the need to define physical fitness sex-specific and age-specific normative
values for children and adolescents [34].

The results of this study were partly confirmed by previous studies. A recent
systematic review, analyzed the evolution of motor abilities (strength, speed, flexibil-
ity and coordination) from 2006 to 2019 in children and adolescents aged 4-18 years,
showing the decline in physical fitness over the past decade, especially in terms of
aerobic fitness, strength and flexibility [35].

A further review analyzed the evolution of motor performance in children and
adolescents (6-18 years) from 1972 to 2015, considering aerobic fitness, strength,
muscle power and speed as health indicators [18]. The results of the 22 studies
included in the systematic review can be summarized as follows:
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* development of aerobic fitness from 1972 to 1986, and a subsequent decline until
2010-2012, then stabilized until 2015;

« slight increase in muscle strength (stable since 2006);

* progressive reduction and loss of muscle power (expression of strength in the
shortest time possible) with a slight increase in speed (especially in the 3 years
2012-2015).

Contrary to the trends highlighted so far, positive trends of improvement of motor
abilities (from 1989 to 2019) were reported in Slovenian children aged 7-10 years,
especially in girls [36].

A further Slovenian study showed, however, a negative trend between the increase
in anthropometric factors (especially BMI) and the decline in motor abilities, empha-
sizing a significant reduction in lower and upper limb strength levels, with peaks (in
terms of involution) observed in the years 1993/1994-2003/2004 [37].

What has been highlighted so far is even more worrying and is an important wake-
up call considering that the development of physical fitness—especially the standing
long jump—is an important health indicator in children and adolescents [38].

These results suggest that the progressive reduction of health-related components
and physical fitness was more oriented towards overweight-obese children showing
worse motor performances in aerobic fitness, muscular endurance and explosive
muscular power [39].

The strength development also has important effects and implications for the
prevention of numerous non-communicable diseases and premature death. A
recent study analyzed the evolution of the muscular strength of the American
population—assessed through Hand Grip (grip strength)—in the years 2011-2012
and 2013-2014 on 12295 participants aged 6-85 years. Although, the results did
not reveal significant differences over the years (based on age, gender, and ethnic-
ity), they stressed and reiterated the importance of assessing and monitoring the
strength development of the entire population, as an important indicator of the
general health status [40].

Other studies, in addition to highlighting significant lower physical fitness mea-
sures (grip strength, standing long jump, 20-meter shuttle run) and motor compe-
tence (throwing and catching skills) in schoolchildren aged 13-14 years from 2014
to 2019, reported the reduction of the 16% of the hours spent in physical education
between 2010 and 2019 [40]. Data revealed that the normal-weight group has high-
lighted the most important decline in fitness levels and motor competence compared
to the overweight-obese peers [41].

Furthermore, a recent systematic review and meta-analysis examined the effects
of physical education interventions carried out on curricular time, based on quanti-
qualitative intervention protocols, in terms of motor development and motor skills
learning [42]. Results suggest that quanti-qualitative interventions are associated with
an increase in aerobic fitness, strength and, at the same time, allows to enhance end
improve motor learning [42].

The learning of motor skills is guaranteed by the interaction of the child with
the environments, spaces, tools, objects, classmates, and is mediated by the circular
relation between the executive variants (spatial-temporal-qualitative-quantitative)
applied to one or more fundamental motor skills (e.g., jump + long-forward), and
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sense-perceptual, coordinative and conditional abilities functional to a specific motor
task (e.g., jump long-forward = rapid strength of lower limbs).

This study captured BMI and physical fitness in two-time points highlighting
moderate changes in physical strength in children in Apulia.

Despite the randomization of the sample in the same school in 1990 and the involve-
ment of the same protocols in performing SL] and MBT, some limitations of the study
that would have increased the magnitude and the generalization of the results emerged.

Socio-economic status, levels of motor competence, behaviors, diet, eating habits
and maturation, as well as factors related to the practice of physical activity (e.g.,
enjoyment, self-perception, intrinsic motivation, etc.), were not available at both
time points (1990 and 2020), so the conclusions are based only on objective measures
(BMI and muscular strength).

5. Conclusions

The present study provides several considerations regarding the decline in
muscular strength in adolescents according to (a) the increase in BMI and sedentary
lifestyles, (b) general lower health status and (c) motor learning processes. The
progressive decline in motor performance and the corresponding increase in BMI,
therefore, affects not only physical education teachers, graduates in motor science,
coaches, etc. but the entire public health system, requiring a convergence of inten-
tions and interventions by educational, political, cultural, social and health Apulia
institutions. The analysis and interpretation of the data show the need to monitor
and, consequently, intervene through the implementation of good practices in the
younger populations.

Despite the undoubted positive effects linked to a physical education based on
quanti-qualitative interventions, further opportunities are also needed to encourage
and expand the time spent in physical activity (e.g., through active breaks, active
lessons and active transport).

Future research should be oriented at monitoring health status, anthropometric
characteristics and physical fitness (in terms of strength, speed, aerobic fitness
and flexibility) in children and adolescents involving more factors, such as socio-
economic status, ethnic group, urban or rural environment, etc. to obtain results that
are as representative as possible of a specific target sample.
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