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Abstract: The aim of this study was to verify the relationship between abdominal adiposity and
physical fitness in the obesity status of Portuguese adolescents. BMI, abdominal adiposity, and
physical fitness tests from the FITescola® were evaluated in a total of 654 Portuguese adolescents,
aged 10-19 years old—male: n = 334 (51%), female: n = 320 (49%). For the final model, BMI was
positively related with age (8 = 0.25), abdominal adiposity (8 = 0.313), horizontal jump (8 = —0.100),
40 m maximal velocity (8 = 0.274), and aerobic fitness (8 = —0.250, R2=0.75,F=382.2, and p =0.0001).
We conclude that higher age and abdominal adiposity are positively related with a higher adolescent
BMI. Furthermore, lower horizontal jump distances and worse times on the 40 m maximal velocity
were inversely related with a higher adolescent BMI, and lower aerobic fitness was inversely related
with a higher adolescent BMI.

Keywords: BMI; overweight/obesity; adolescence; Portugal

1. Introduction

Obesity is a growing world public health problem, and it is highly prevalent in all
phases of life [1]. According to data from the World health Organization (WHO), obesity,
accompanied by the use of alcohol and tobacco and low physical exercise practice, is one of
the most significant and worsening health-related conditions of adolescent health [2]. In
Portugal, the data from the last survey in 2018 show that around 34% of the overall popula-
tion had obesity, and about 18% of children and 24% of the adolescents had pre-obesity [3].
A high body mass index (BMI) during childhood and adolescence is related to various
non-communicable chronic diseases, such as diabetes [4,5] and cardiovascular diseases [6],
and also leads to a low quality of life [7], and, if not, these complications are extended
into later life [8]. Another component of obesity is abdominal obesity, characterized by a
high accumulation of fat mass in the abdominal region, which, in turn, increases the risk
of cardiovascular disease [9], cancer [10], and diabetes [11], reduces the immune system
function, and increases inflammatory levels [12,13]. These factors will result in a public
health problem and evaluations are required to identify the influencing factors and, thus,
define strategies for community interventions [2].

Many factors have an effect on body weight control and obesity evolution, such as
good nutritional habits [14], avoiding the use of tobacco/alcohol [15], good sleep qual-
ity [16], and keeping good physical fitness [17]. Several studies have analyzed the variables
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that are associated with obesity in adolescents, such as physical fitness in Chinese adoles-
cents [18], exacerbation caused by the use of electronic media by Austrian adolescents [19],
and poor sleep quality in Chinese adolescents [16]. In a cross-sectional study, with data
from 851 Colombian adolescents, a positive association was found between low physical
activity levels and high insulin resistance in the obesity status of adolescents [20]. In
addition, the evidence shows that during adolescence adolescents change their behavior
significantly, adopting an unhealthy lifestyle, including the use of technology, poor nutri-
tional diet, and low physical activity, which increase the risk of overweight and obesity;
shows the importance of monitoring these variables and other health-related variables
during adolescence [21].

However, with regard to the first point, the majority of studies concentrate their analy-
ses on physical activity levels and abdominal adiposity, but do not measure directly the
contribution of physical fitness levels and abdominal adiposity to the obesity status of ado-
lescents [18,19,22,23]. In the second point, there have been no studies in Portugal analyzing
the influences of abdominal obesity and physical fitness on the obesity status of adolescents,
and when some studies have investigated European adolescents, the analysis concentrates
only on the obesity status and physical activity levels but not on the relationship of the
physical fitness levels with the obesity status of the adolescents [18,24,25]. However, re-
garding the physical fitness evaluations, it is possible to identify in the literature different
batteries, such as Eurofit® [26,27], Fitnessgram® [28], and the Alpha-fit test battery [29].
However, in Portugal, schools use the so-called FITescola® [30].

This investigation helps to explore how abdominal adiposity and physical fitness
are meaningfully related and, consequently, how they can influence the obesity status
of the Portuguese adolescent population. Thus, the objective of this study was to verify
the relationship between abdominal adiposity and physical fitness in the obesity status
of Portuguese adolescents. In this sense, from evidence from studies with adolescents in
other European localities [31,32], we raise the following two hypotheses: (1) abdominal
adiposity has a positive relationship with obesity status, and (2) physical fitness has a
negative relationship with the obesity status of Portuguese adolescents.

2. Materials and Methods
2.1. Study Subjects

This is an observational, prospective, and cross-sectional study which aims to evaluate
the prevalence of obesity by body mass index (BMI) in adolescents from both genders, and
the impacts on the abdominal adiposity and physical fitness in the adolescents’ obesity
status (BMI). We used data from FITescola®, a Portuguese project which aims to promote
healthy behavior in children and adolescents. The data collection included the BMI, abdom-
inal adiposity, and physical fitness tests from the FITescola® that happened in September
2021 on the Paredes council. Thus, in total, 654 adolescents aged between 10-19 years
old—male: 334 (51%), female: n = 320 (49%)—were selected to participate in this study if it
was convenient. In addition, the eligibility criteria considered adolescents of both genders,
free of any disabling condition, and with ages ranging between 10-19 years old, adopting
the WHO cohort cut-offs for adolescents, according to which the WHO divides adolescence
into the following three categories: 1) pre-adolescence (10-14 years old) and 2) adolescence
(15-19 years old); thus, this age range was selected respecting the WHO cut-offs [33]. The
characteristics of the sample are provided in Table 1 below.

Table 1. Characteristics of the sample.

Characteristics of the Sample (N = 654) Age (X £ SD) Height (X + SD) Body Weight (X 4- SD)
Male, N = 334 (51%) 146+22y/o 167.4 £79.9 cm 58.4 £ 155 kg
Female, N = 320 (49%) 13.01 £2.06y/0 1583 £ 11.6 cm 54.38 £15.7 kg

Note: Sample characteristics are described in percentage values (%), mean (X), and standard deviation (SD); y/o,
years old; cm, centimeters; kg, kilograms.
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2.2. Ethical Aspects

This study was approved by the Scientific Board of the Higher Institute of Educational
Sciences of the Douro (PF:10.2021). Prior to the study, the parents (or legal guardians) of all
minor participants were asked to sign a written informed consent.

2.3. Data Collection

In our study, the following data were collected:

For obesity status, the body mass index (BMI) and abdominal adiposity abdominal
circumference were collected [34]. Physical fitness was evaluated throughout with the
horizontal jump (H]J), the 40 m maximal velocity test for the maximal speed velocity in 40 m,
and the Yo-Yo test. The validity and reliability of the physical fitness tests in the FITescola®
battery had previously been confirmed for physical education and sports [35,36].

2.4. BMI

(1) The body weight was collected with the subject barefoot and wearing light clothes,
standing up, and waiting for the score of the brand scale to stabilize. A brand scale with a
precision of 100 g was used.

(2) The height was collected with the subject barefoot, feet together, and with back
touching the stadiometer scale. The stadiometer hod was put at the top of the subject’s
head to compress the higher part of the head (vertex). A stadiometer with a precision of
millimeters was used.

(3) The BMI was verified through the ratio of body weight/height squared (in kg/ m?).
The cut-offs for the risk of cardiovascular disease were taken following the normative of
the WHO for adolescents [34].

2.5. Abdominal Adiposity

Abdominal adiposity was verified by measuring body circumference. The subject was
asked to stand up with a relaxed belly and to lift the shirt to expose the area to be measured.
Then, the measuring tape was placed around the waist, in the horizontal plane, 1 cm above
the top of the iliac crests. The subject was asked to perform a normal expiration. The value
obtained at the end of expiration was recorded in cm and with a precision tape measure of
0.1 cm. Two attempts were performed and taken, and the average of the two measurements
was the final result of the evaluation The cut-offs for the risk of cardiovascular disease
were taken following the normative of the Journal American College of Cardiology for
adolescents’ abdominal circumference [37].

2.6. Horizontal Jump

To evaluate the horizontal jump, a horizontal line was drawn at the starting point and
reference lines were drawn every 10 cm (1 m after the starting line). A measuring tape with
an accuracy of millimeters was placed perpendicular to the horizontal lines to facilitate
the measurement of the distance reached. The subject was positioned standing behind
the line that marked the starting point, with feet shoulder-width apart. Starting from the
standing position, in a continuous movement, the subject had to bend the knees, pull the
arms behind, and jump as far as possible. Distances were measured from the starting point
to the heel. Two attempts were performed to take the best result of the two evaluations
in cm [38].

2.7. 40 m Maximal Velocity

For the evaluation of the running speed of 40 m at maximal velocity, the test of
maximum speed in 40 m was applied. A 3 min warm-up for general muscle activation
was performed to avoid injuries during the test. Two signaling cones were used to identify
the initial and final points of the test. The subject was positioned standing behind the line
that marked the starting point, with the lower limbs in the anteroposterior distance and
the trunk slightly inclined forward. At the sign of “prepare, now!” from the evaluator, the
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stopwatch was started with an accuracy of 0.1 s, and the evaluated subject had to start
a run at the highest possible speed. When the student crossed the finish line, the timer
was stopped. Two trials were given, and the value recorded was the best result of the
two trials [39].

2.8. Aerobic Fitness

For the assessment of aerobic fitness, the Yo-Yo test was applied. Two cones were used
to delimit the space of 20 m between the beginning and the end of the test. The subject was
positioned behind the starting line, and at the signal of “prepare, now!”, the subject started
the race and had to touch the final line of 20 m when he heard the sound signal generated
by the audio. At the sound signal, the subject had to then reverse the running direction
and run to the other end. If the subject reached the line before the beep, he had to wait
for the new beep to run in the opposite direction. Ideally, the subject should control the
running pace to reach the end of the 20 m just before the beep. The audio signal helped
the student to mark the speed during the course. Initially, the speed was lower (8.5 km/h)
and progressively increased (0.5 km/h every minute; 1 min is equal to one stage) up to a
maximum of 120 routes. The sound signal indicated the end of a 20 m course, and a triple
sound signal indicated the end of each stage. When the subject could not reach the final
line of the course, he had to immediately reverse the direction of his run, even if he had not
reached the line. The subject had to remain in the test as long as possible and stop when he
could no longer reach the line before the audio signal on two, not necessarily consecutive,
occasions. The first foul counted towards the final score. The result was the highest number
of laps performed [40].

2.9. Statistical Analysis

The statistical procedures were performed using the R version 4.0.0 program within the
Rstudio environment. The sample characterization data were described in absolute values
and percentages. For the sample characteristic variables, the chi-square test for simple
proportions (X?) was applied, and the effect size calculation was performed by the Cramer’s
V effect size [41]. Then, a multiple regression analysis (R) was conducted to estimate the
95% confidence intervals (Cls) between the explanatory variables of abdominal adiposity
and physical fitness and the obesity status of adolescents. Initially, the variables were
hierarchically placed in the model, based on the literature investigated by the researcher [42],
who chose not to use the stepwise method in the study in question. According to [42], the
stepwise method is convenient when the exploratory analysis has data that the researcher
is not aware of; otherwise, this method may mathematically exclude variables that have
statistical weight from the model, and it is recommended to avoid it if the researcher
has good science and mastery of the knowledge. The sample size reached the minimum
margin of 40 samples established by [43] to find a large effect size TE (0.80) with statistically
significant power [43]. For the effect size of the model, the determination coefficient R?
was used, in which the R? is obtained through the root of the R value of the multiple
regression [44]. The significance level adopted will be p < 0.05 [42].

3. Results

Table 2 shows the characteristics of the adolescents in this study. A total of 370 ado-
lescents participated in this study. The sample presented a mean age of 15.7 £ 1.21 years
old (y/o0). There were differences found in the overweight prevalence for both genders,
(overweight male: n = 55 (18%) vs. obese male: n = 37 (11%), X? = 34.66, df =1, large
ES, V =0.50, p < 0.001; overweight female: n = 65 (20%) vs obese female: n = 36 (12%),
X? =36.67,df = 1,large ES, V = 0.50, p < 0.001). We found no differences between gender
for overweight and obesity p > 0.05. Therefore, the subgroups of 11, 12, 13, 15, and 18 y /o
for both genders presented more adolescents for both genders with overweight (11 y/o:
n=20(25%);12y/0: n =11 (21%); 13 y/0: n =22 (26%); 15 y/0: n = 24 (21%), X? = 46.81,
df =1, large ES, V = 0.57, p < 0.001). Additionally, the subgroups of 10, 11, 13, and 14 y/o
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presented more adolescents for both genders with obesity (10 y/o: n =11 (17%); 11 y/o:
n=11(14%); 13 y/o: n =12 (14%); 14 y/0: n =9 (12%), X*> = 37.05, df = 1, large ES, V = 0.83,
p = < 0.001). Therefore, we found differences between groups for the abdominal adiposity,
in which females presented a higher percentage of adolescents at risk (females: n= 164
(53%) vs males: n =45 (16%), X2 = 88.311, df =1,large ES, V =0.98, p = < 0.001), and the
age categories of 11 and 15 years old for both genders presented the greater percentage of
adolescents with elevated abdominal adiposity, respectively (11 years old: n = 43 (7%), and
15 years old: n = 64 (10%), X2 = 86.406, df =1,large ES, V=1, p =< 0.001).

Table 2. Characteristics of the study by obesity category (n = 654).

Variables N (654) Normal Weight Overweight Obesity X2 p-Value
Gender
Male N =334 (51%) 242 (71%) 55 (18%) * 37 (11%) 34.66 p <0.001
Female N =320 (49%) 219 (68%) 65 (20%) * 36 (12%) 36.67 p <0.001
BMI by Age (15.7 + 1.21)
10y/o 64 (10%) 45 (70%) 8 (13%) 11 (17%) *
11y/o 81 (12%) 50 (62%) 20 (25%) * 11 (14%) * 0w11,12,13, 15, and
12y/o 53 (9%) 37 (70%) 11 21%) * 5 (9%) 18y/0>10,14,16,17y/0
13y/0 85 (13%) 51 (60%) 22 (26%) * 12 (14%) * 1681 p < 0.001
1l4y/o 77 (12%) 57 (74%) 11 (14%) 9 (12%) * 37'05 Obes10, 11,13, and
15y/0 117 (18%) 83 (71%) 24 (21%) * 10 (9%) ’ 14y/0>12,15,16,17,
16y/0 94 (14%) 77 (82%) 11 (11%) 7 (7%) and 18 y/o0
17y/0 60 (9%) 47 (80%) 8 (12%) 5 (8%) p <0.001
18+y/o 23 (3%) 15 (68%) 6 (23%) 2 (9%)
Abd. Circumf. by Age No Risk Risk
Male N =334 (51%) 284 (84%) 45 (16%)
Female N = 320 (49%) 151(47%) 164 (53%) * 88.311 p <0.001
10y/o 62 (10%) 45 (7%) 19 (3%)
11y/o 82 (13%) 39 (6%) 43 (7%) *
12y/0 54 (8%) 24 (4%) 30 (5%)
13y/o 84 (13%) 61 (9%) 23 (4%)
l4y/o 77 (12%) 67 (10%) 10 (2%) 86.406 1 y/f'olg’&’/ o
15y/0 116 (18%) 52 (8%) 64 (10%) * p=<b
16y/0 94 (14%) 79 (11%) 15 (3%)
17y/o 58 (9%) 50 (8%) 8 (1%)
18+y/o0 22 (3%) 18 (2%) 6 (1%)

Note: X?, chi-square statistics; y /o, years old; ow, adolescents from both gender with overweight; obes, adolescents
from both gender with obesity; statistical significance at * p < 0.001.

Table 3 shows the results from the hierarchical multiple linear regression analysis
of the abdominal adiposity, physical fitness, and obesity status of adolescents shown in
Table 2. In total, for the first model, adjusted for age, the obesity status evaluated by
BMI was significantly related with age (95% CI = 0.139 to 0.314, = 0.25, p = <0.001),
abdominal adiposity (95% CI = 0.305 to 0.337, B = 0.313, p = < 0.001), horizontal jump
(95% CI = 0-0.163 to —0.0008, B = — 0.100, p = 0.02), 40 m maximal velocity (95% CI = 0.025
to 0.544, B = 0.274, p = 0.04), and aerobic fitness (95% CI = —0.038 to —0.011, = —0.250,
p =0.0001), (R? = 0.75, F = 382.2, p = 0.0001). The second model was adjusted for gender,
and an association was not found between gender and the adolescents” BMIs p > 0.05. No
differences were found between the sums of square variances of the two models; thus,
model 1 was chosen due to the better adjustment to the adolescents” BMIs.
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Table 3. Hierarchical multivariate linear regression analyses of predictor variables of adolescents’
BMISs adjusted for age and both genders.

Predictor Variables (1 = 654) Model 1 Model 2
Age (years) 0.255 ** 0.268 **
Gender —0.207
Abdominal adiposity (cm) 0.313 ** 0.313 **
Horizontal jump (cm) —0.100 * —0.900 *
40 m velocity (Sec) 0.274 * 0.264
Aerobic fitness (turns) —0.250 ** —0.250 **
R? 0.75 0.75
Adjusted R? 0.74.6 0.74.6
F 382.2 ** 320.2 **
R? varianceR%S 3202.8 3196.7

Note: Hierarchical multiple linear regression of abdominal obesity, physical fitness, and adolescents’” BMIs.
Model 1, adjusted for age; model 2, adjusted for age and gender, statistical significance at * p < 0.05; ** p < 0.001;
RSS, residual sum of squares variances for models 1 and 2.

The results from the hierarchical multivariate regression analyses are also described in
the data visualization in Figure 1 below.

A) 45 - . B) 45 4

404 p<0.001 . a1 404 p=0.02

= 30 4
25 4
20 4
15 Aeeee—————————— 15 +——Tr—— T
50 70 90 110 130 80 100 120 140 160 180 200 220
Abdominal circumference (cm) Horizontal jump (cm)
C) 45 ~ . D) 45 4
404 p=0.04 = . 40 4 <p <0001

5 25 45 65 85 105

40-m sprint (sec) Aerobic fitness (Turns)
Figure 1. Data visualization of the physical fitness tests in model 1: (A) abdominal adiposity; (B) hor-
izontal jump; (C) 40 m velocity, 40 m maximal velocity; (D) aerobic fitness. Statistical significance at
p <0.05.

4. Discussion

This study aimed to verify the relationship between abdominal adiposity and physical
fitness in the obesity status of Portuguese adolescents. Moreover, in our study the predictor
variables organized hierarchically in the model were adequate to explain the adolescents’
BMIs. Moreover, our two hypotheses were confirmed, in which (1) abdominal obesity
was significantly positively related to the adolescents” BMIs and (2) horizontal jump, 40 m
maximal velocity, and aerobic fitness were significantly inversely related with the ado-
lescents” BMIs. The adjustments in model 1 showed that the adolescent’s age was also
positively related and contributed 25% to the adolescent’s BMI (95% CI = 0.139 to 0.314,
B = 0.25). Moreover, similarly to our study, a recent investigation with Italian children and
adolescents aged between 5-13 years old found that the oldest category of adolescents
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(11-13 years old) for both genders presented a significant positive association with obe-
sity [45]. Furthermore, higher ages are considered a stronger isolated factor for obesity
prevalence in children [46] and adolescents [47]. Additionally, other factors also contribute
to improving the obesity prevalence in adolescents, such as low physical activity levels [47],
excessive use of smartphones [48], and inadequate fruit and vegetable intake [49].

In the present study, abdominal obesity was evaluated by the abdominal circumference,
which was significantly positively related and contributed to 31% of an adolescent’s BMI
(95% CI =0.305 to 0.337, B = 0.313), showing that central obesity contributed to the overall
obesity status of adolescents. Furthermore, the gender analysis showed that the female
group presents the higher number of subjects with elevated abdominal adiposity (female:
n =164 (53%) vs male: n = 45 (16%), and for the analysis between both genders, the ages of
11 and 15 years old presented the greater number of adolescents with elevated abdominal
obesity (11 y/o: n =43 (7%), 15 y/o: n = 64 (10%). Abdominal adiposity is considered
a determinant marker of cardiovascular risk/metabolic deregulation in adolescents [9]
and is also positively related to low self-esteem and body dissatisfaction in children and
adolescents [50], and in some cases, it can occur without the presence of a high BMI but by
the specific body regions with high body fat concentrations [6,51].

The lower limb muscle strength and power were analyzed throughout the horizontal
jump and 40 m maximal velocity tests, in which the horizontal jump was inversely related
and contributed 10% to an adolescent’s BMI (95% CI = 0-0.163 to —0.0008, = —0.100),
and the time in seconds in the 40 m maximal velocity test was also significantly inversely
related and contributed 27% to an adolescent’s BMI (95% CI = 0.025 to 0.544, B = 0.274).
Additionally, similarly to our study, an investigation in Kosovo, southeast Europe, with
353 children and adolescents of both genders, showed that a low horizontal jump and a
longer time in a 20 m sprint had a significantly increased relative risk, and longer time
in the 20 m sprint signified overweight and obesity, respectively (RR = 0.99, p < 0.001),
(RR =1.35, p = 0.04) [52]. Lower limb muscle strength and power are positively related
to good bone health and are inversely related with cardiovascular disease and metabolic
syndrome in children and adolescents [53]. Moreover, keeping satisfactory lower limb
power levels during early life and adolescence leads to good physical functionality in
daily living activities (DLA), such as walking/running efficiently and increasing daily
movements, thus helping to reduce sedentary behavior and decrease the risk of metabolic
syndrome as well as improving the quality of life [54].

Moreover, the analysis of the aerobic fitness throughout the Yo-Yo test was inversely
related and contributed to 25% of an adolescent’s BMI (95% CI = —0.038 to —0.011,
B = —0.250). A study enrolling 3528 adolescents, aged 13-16 years old, from 10 European
cities, with no inclusion of Portugal cities, showed that lower aerobic fitness was nega-
tively related to the obesity status and cardiometabolic risk of the adolescent population by
around 10% [55]. Furthermore, as already mentioned, in adolescents good cardiorespiratory
fitness is positively related to body composition and metabolic syndrome in children and
adolescents aged 5-19 years old [56]. Furthermore, low aerobic fitness carries negative
consequences for the physical function in all age groups, such as increased metabolic and
cardiac disease [57,58] and, in this sense, reveals the importance of keeping physically ac-
tive in adolescence [59-61]. Additionally, keeping satisfactory aerobic fitness levels across
the years is inversely related with all causes of mortality, such as cardiovascular disease,
cancer, chronic lower respiratory tract diseases, accidents and injuries, Alzheimer’s disease,
diabetes mellitus, influenza/pneumonia, nephritis, nephrotic syndrome, or nephrosis [62].

5. Study Strengths, Limitations, and Future Perspectives

We consider the following as the strengths of this study. We may highlight the
importance of this investigation, which searched to identify how abdominal adiposity and
physical fitness can influence the obesity status through the BMIs a specific population
of Portuguese adolescents. Furthermore, this study stresses the importance of public
policies to promote physical exercise and sports programs to improve physical fitness and
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to reduce obesity in adolescence, thus avoiding the complications of obesity in later life and
improving the quality of life of the population. We highlight some limitations in this study,
such as a lack of physical activity /sedentary behavior levels and dietary behavior control,
as well as the absence of biochemical variables, which could help to explain the Portuguese
adolescent’s BMI in a more elaborate manner. Additionally, not all the measures from
FITescola® were considered, such as abdominal resistance, upper limb strength, and lower
and upper limb flexibility. For future investigations, we encourage researchers to keep
analyzing bigger samples of Portuguese children and adolescents and to use these gaps to
improve the analysis and contribute to increasing this investigation.

6. Conclusions

We conclude that higher age and abdominal adiposity were positively related to the
higher BMIs of adolescents. Furthermore, lower horizontal jump distances and worse times
on the 40 m maximal velocity were inversely related with a higher adolescent BMI, and
lower aerobic fitness was inversely related with a higher adolescent BMI.

Author Contributions: Conceptualization, P.F. (Pedro Flores), PF. (Pedro Forte) and R.B.E.; methodol-
ogy, PE. (Pedro Flores), ].R., G.A. and D.M,; software, S.G.A.d.E., L.B. and R.E,; validation, S.S.-S., J.R.
and R.B.F; formal analysis, S.G.A.d.E., P.F. (Pedro Flores) and J.E.T.; investigation, PF. (Pedro Flores),
G.A., D.M. and A.P; data curation, PF. (Pedro Forte), L.B. and R.F.; writing—original draft prepara-
tion, S.G.A.d.E., PF. (Pedro Flores) and J.E.T.; writing—review and editing, ].R., R.B.E,, L.B., AM.M.
and R.F; visualization, S.5.-S. and A.M.M.; supervision, P.F. (Pedro Forte) and R.B.E,; project admin-
istration, PF. (Pedro Flores), PF. (Pedro Forte) and R.B.E,; funding acquisition, R.B.F. and A.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Funds through FCT—Portuguese Foundation for
Science and Technology (UIDB/DTP/04045/2020) and the Higher Institute of Educational Sciences
of the Douro (grant number NIDEF.21-22).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Higher Institute of Educational
Sciences of the Douro (PF:10.2021).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Data are available under request to the contact author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Li, Z,; Zhao, H.; Wang, ]. Metabolism and Chronic Inflammation: The Links Between Chronic Heart Failure and Comorbidities.
Front. Cardiovasc. Med. 2021, 8, 650278. [CrossRef] [PubMed]

2. WHO. Health for the World’s Adolescents: A Second Chance in the Second Decade: Summary. Available online: https:
/ /www.who.int/publications-detail-redirect/ WHO-FWC-MCA-14.05 (accessed on 10 June 2022).

3. Oliveira, A; Aratjo, J.; Severo, M.; Correia, D.; Ramos, E.; Torres, D.; Lopes, C. Prevalence of General and Abdominal Obesity in
Portugal: Comprehensive Results from the National Food, Nutrition and Physical Activity Survey 2015-2016. BMC Public Health
2018, 18, 614. [CrossRef] [PubMed]

4. Chadda, K.R;; Cheng, T.S.; Ong, K.K. GLP-1 Agonists for Obesity and Type 2 Diabetes in Children: Systematic Review and
Meta-Analysis. Obes. Rev. 2021, 22, e13177. [CrossRef]

5. Yau, M.; Maclaren, N.K; Sperling, M.A. Etiology and Pathogenesis of Diabetes Mellitus in Children and Adolescents. In Endotext;
Feingold, K.R., Anawalt, B., Boyce, A., Chrousos, G., de Herder, W.W.,, Dhatariya, K., Dungan, K., Hershman, .M., Hofland, J.,
Kalra, S., et al., Eds.; MDText.com, Inc.: South Dartmouth, MA, USA, 2000.

6. Cota, B.C,; Priore, S.E.; Ribeiro, S.A.V.; Juvanhol, L.L.; de Faria, E.R.; de Faria, ER.; Pereira, P.F. Cardiometabolic risk in adolescents
with normal weight obesity. Eur. J. Clin. Nutr. 2022, 76, 863—-870. [CrossRef]

7. Isik, U; Bagc, B.; Kilig, F; Aktepe, E.; Pirgon, M. Investigation of quality of life in obese adolescents: The effect of psychiatric
symptoms of obese adolescent and/or mother on quality of life. ]. Pediatr. Endocrinol. Metab. 2021, 34, 1593-1603. [CrossRef]

8.  Powell-Wiley, T.M.; Poirier, P.; Burke, L.E.; Després, J.-P.; Gordon-Larsen, P.; Lavie, C.J.; Lear, S.A.; Ndumele, C.E.; Neeland, L] ;

Sanders, P.; et al. Obesity and Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation
2021, 143, €984—e1010. [CrossRef]


http://doi.org/10.3389/fcvm.2021.650278
http://www.ncbi.nlm.nih.gov/pubmed/34026868
https://www.who.int/publications-detail-redirect/WHO-FWC-MCA-14.05
https://www.who.int/publications-detail-redirect/WHO-FWC-MCA-14.05
http://doi.org/10.1186/s12889-018-5480-z
http://www.ncbi.nlm.nih.gov/pubmed/29747603
http://doi.org/10.1111/obr.13177
http://doi.org/10.1038/s41430-021-01037-7
http://doi.org/10.1515/jpem-2021-0435
http://doi.org/10.1161/CIR.0000000000000973

Int. |. Environ. Res. Public Health 2022, 19, 11213 9of 11

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

Lewitt, M.S.; Baker, ].S. Relationship between abdominal adiposity, cardiovascular fitness, and biomarkers of cardiovascular risk
in British adolescents. J. Sport Health Sci. 2020, 9, 634-644. [CrossRef] [PubMed]

Diaz-Canestro, C.; Xu, A. Impact of Different Adipose Depots on Cardiovascular Disease. J. Cardiovasc. Pharmacol. 2021, 78,
S30-539. [CrossRef]

Ahmad, M.L; Shapiro, M.D. Preventing Diabetes and Atherosclerosis in the Cardiometabolic Syndrome. Curr. Atheroscler. Rep.
2021, 23, 16. [CrossRef]

Umano, G.R; Pistone, C.; Tondina, E.; Moiraghi, A.; Lauretta, D.; Miraglia Del Giudice, E.; Brambilla, I. Pediatric Obesity and the
Immune System. Front. Pediatr. 2019, 7, 487. [CrossRef] [PubMed]

Forte, P.; Branquinho, L.; Ferraz, R. The Relationships between Physical Activity, Exercise, and Sport on the Immune System. Int.
J. Environ. Res. Public Health 2022, 19, 6777. [CrossRef] [PubMed]

Shalitin, S.; Giannini, C. Obesity, Metabolic Syndrome, and Nutrition. World Rev. Nutr. Diet. 2022, 125, 41-63. [CrossRef]

An, S.-Y.; Kim, S.Y,; Oh, D.J.; Min, C.; Sim, S.; Choi, H.G. Obesity is positively related and tobacco smoking and alcohol
consumption are negatively related to an increased risk of thyroid cancer. Sci. Rep. 2020, 10, 19279. [CrossRef] [PubMed]

Gong, Q.-H.; Li, S.-X,; Li, H.; Cui, J.; Xu, G.-Z. Insufficient Sleep Duration and Overweight/Obesity among Adolescents in a
Chinese Population. Int. ]. Environ. Res. Public Health 2018, 15, 997. [CrossRef] [PubMed]

Comeras-Chueca, C.; Marin-Puyalto, J.; Matute-Llorente, A.; Vicente-Rodriguez, G.; Casajus, ].A.; Gonzalez-Aguero, A. Effects of
Active Video Games on Health-Related Physical Fitness and Motor Competence in Children and Adolescents With Overweight
or Obesity: Systematic Review and Meta-Analysis. JMIR Serious Games 2021, 9, €29981. [CrossRef]

Chen, X,; Cui, J.; Zhang, Y.; Peng, W. The association between BMI and health-related physical fitness among Chinese college
students: A cross-sectional study. BMC Public Health 2020, 20, 444. [CrossRef]

Ruedl, G.; Greier, N.; Niedermeier, M.; Posch, M.; Priinster, V.; Faulhaber, M.; Burtscher, M. Factors Associated with Physical
Fitness among Overweight and Non-Overweight Austrian Secondary School Students. Int. |. Environ. Res. Public Health 2019,
16,4117. [CrossRef] [PubMed]

Velasquez-Rodriguez, C.-M.; Velasquez-Villa, M.; Gémez-Ocampo, L.; Bermudez-Cardona, J. Abdominal obesity and low physical
activity are associated with insulin resistance in overweight adolescents: A cross-sectional study. BMC Pediatr. 2014, 14, 258.
[CrossRef] [PubMed]

Sultana, S.; Rahman, M.; Sigel, B.; Hashizume, M. Associations of lifestyle risk factors with overweight or obesity among
adolescents: A multicountry analysis. Am. |. Clin. Nutr. 2021, 113, 742-750. [CrossRef]

Rezali, EW.; Chin, Y.S.; Mohd Yusof, B.N. Obesity-Related Behaviors of Malaysian Adolescents: A Sample from Kajang District of
Selangor State. Nutr. Res. Pract. 2012, 6, 458-465. [CrossRef] [PubMed]

Woon, EC.; Chin, Y.S.; Mohd Nasir, M.T. Association between Behavioural Factors and BMI-for-Age among Early Adolescents in
Hulu Langat District, Selangor, Malaysia. Obes. Res. Clin. Pract. 2015, 9, 346-356. [CrossRef]

Brug, J.; van Stralen, M.M.; ChinAPaw, M.].M.; De Bourdeaudhuij, I.; Lien, N.; Bere, E.; Singh, A.S.; Maes, L.; Moreno, L.;
Jan, N.; et al. Differences in weight status and energy-balance related behaviours according to ethnic background among adoles-
cents in seven countries in Europe: The ENERGY-project. Pediatr. Obes. 2012, 7, 399-411. [CrossRef]

Van Stralen, M.M.; te Velde, S.J.; van Nassau, F; Brug, J.; Grammatikaki, E.; Maes, L.; De Bourdeaudhuij, I.; Verbestel, V.;
Galcheva, S.; Iotova, V.; et al. Weight Status of European Preschool Children and Associations with Family Demographics and
Energy Balance-Related Behaviours: A Pooled Analysis of Six European Studies. Obes. Rev. 2012, 13 (Suppl. S1), 29-41. [CrossRef]
[PubMed]

Catley, M.].; Tomkinson, G.R. Normative Health-Related Fitness Values for Children: Analysis of 85347 Test Results on 9-17-Year-
Old Australians since 1985. Br. |. Sports Med. 2013, 47, 98-108. [CrossRef]

Kemper, H.C.G.; Mechelen, W.V. Physical Fitness Testing of Children: A European Perspective. Pediatr. Exerc. Sci. 1996, 8, 201-214.
[CrossRef]

Plowman, S.A; Sterling, C.L.; Corbin, C.B.; Meredith, M.D.; Welk, G.J.; Morrow, ].R. The History of FITNESSGRAMP. J. Phys. Act.
Health 2006, 3, S5-S20. [CrossRef]

Kolimechkov, S.; Petrov, L.; Alexandrova, A. Alpha-Fit Test Battery Norms for Children and Adolescents from 5 to 18 Years of
Age Obtained by A Linear Interpolation of Existing European Physical Fitness References. Eur. |. Phys. Educ. Sport Sci. 2019, 5.
[CrossRef]

FITescola. FITescola. Available online: https://fitescola.dge.mec.pt/home.aspx (accessed on 16 June 2022).

Buoncristiano, M.; Spinelli, A.; Williams, J.; Nardone, P.; Rito, A.I.; Garcia-Solano, M.; Greholt, E.K.; Gutiérrez-Gonzalez, E.;
Klepp, K.I; Starc, G.; et al. Childhood overweight and obesity in Europe: Changes from 2007 to 2017. Obes. Rev. 2021, 22, e13226.
[CrossRef] [PubMed]

Ortega, F.B.; Ruiz, J.R.; Castillo, M.J. Physical Activity, Physical Fitness, and Overweight in Children and Adolescents: Evidence
from Epidemiologic Studies. Endocrinol. Nutr. 2013, 60, 458-469. [CrossRef] [PubMed]

WHO. Adolescent Health. Available online: https://www.who.int/health-topics /adolescent-health (accessed on 12 August 2022).
WHO. Growth Reference 5-19 Years—BMI-for-Age (5-19 Years). Available online: https:/ /www.who.int/tools/growth-reference-
data-for-5to19-years/indicators/bmi-for-age (accessed on 10 June 2022).

Henriques-Neto, D.; Minderico, C.; Peralta, M.; Marques, A.; Sardinha, L.B. Test-retest reliability of physical fitness tests among
young athletes: The FITescola ® battery. Clin. Physiol. Funct. Imaging 2020, 40, 173-182. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jshs.2019.02.004
http://www.ncbi.nlm.nih.gov/pubmed/33308814
http://doi.org/10.1097/FJC.0000000000001131
http://doi.org/10.1007/s11883-021-00913-8
http://doi.org/10.3389/fped.2019.00487
http://www.ncbi.nlm.nih.gov/pubmed/31824900
http://doi.org/10.3390/ijerph19116777
http://www.ncbi.nlm.nih.gov/pubmed/35682358
http://doi.org/10.1159/000521773
http://doi.org/10.1038/s41598-020-76357-y
http://www.ncbi.nlm.nih.gov/pubmed/33159164
http://doi.org/10.3390/ijerph15050997
http://www.ncbi.nlm.nih.gov/pubmed/29762538
http://doi.org/10.2196/29981
http://doi.org/10.1186/s12889-020-08517-8
http://doi.org/10.3390/ijerph16214117
http://www.ncbi.nlm.nih.gov/pubmed/31731515
http://doi.org/10.1186/1471-2431-14-258
http://www.ncbi.nlm.nih.gov/pubmed/25301371
http://doi.org/10.1093/ajcn/nqaa337
http://doi.org/10.4162/nrp.2012.6.5.458
http://www.ncbi.nlm.nih.gov/pubmed/23198026
http://doi.org/10.1016/j.orcp.2014.10.218
http://doi.org/10.1111/j.2047-6310.2012.00067.x
http://doi.org/10.1111/j.1467-789X.2011.00959.x
http://www.ncbi.nlm.nih.gov/pubmed/22309063
http://doi.org/10.1136/bjsports-2011-090218
http://doi.org/10.1123/pes.8.3.201
http://doi.org/10.1123/jpah.3.s2.s5
http://doi.org/10.5281/zenodo.2546360
https://fitescola.dge.mec.pt/home.aspx
http://doi.org/10.1111/obr.13226
http://www.ncbi.nlm.nih.gov/pubmed/34378305
http://doi.org/10.1016/j.endonu.2012.10.006
http://www.ncbi.nlm.nih.gov/pubmed/23419502
https://www.who.int/health-topics/adolescent-health
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
http://doi.org/10.1111/cpf.12624
http://www.ncbi.nlm.nih.gov/pubmed/32056351

Int. |. Environ. Res. Public Health 2022, 19, 11213 10 of 11

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

Mendes, R.; Nunes Silva, M.; Santos Silva, C.; Marques, A.; Godinho, C.; Tomas, R.; Agostinho, M.; Madeira, S,;
Rebelo-Marques, A.; Martins, H.; et al. Physical Activity Promotion Tools in the Portuguese Primary Health Care: An
Implementation Research. Int. . Environ. Res. Public Health 2020, 17, 815. [CrossRef]

Jolliffe, C.J.; Janssen, I. Development of Age-Specific Adolescent Metabolic Syndrome Criteria That Are Linked to the Adult
Treatment Panel III and International Diabetes Federation Criteria. ]. Am. Coll. Cardiol. 2007, 49, 891-898. [CrossRef]

Ortega, F.B.; Artero, E.G.; Ruiz, ].R,; Espana-Romero, V.; Jimenez-Pavon, D.; Vicente-Rodriguez, G.; Moreno, L.A.; Manios, Y.;
Beghin, L.; Ottevaere, C.; et al. Physical fitness levels among European adolescents: The HELENA study. Br. ]. Sports Med. 2011,
45,20-29. [CrossRef]

Castro-Pifiero, J.; Gonzalez-Montesinos, J.L.; Keating, X.D.; Mora, J.; Sjostrom, M.; Ruiz, J.R. Percentile Values for Running Sprint
Field Tests in Children Ages 6-17 Years: Influence of Weight Status. Res. Q. Exerc. Sport 2010, 81, 143-151. [CrossRef]

Welk, G.J.; Laurson, K.R.; Eisenmann, J.C.; Cureton, K.J. Development of Youth Aerobic-Capacity Standards Using Receiver
Operating Characteristic Curves. Am. J. Prev. Med. 2011, 41, S111-5116. [CrossRef] [PubMed]

Kim, H.-Y. Statistical notes for clinical researchers: Chi-squared test and Fisher’s exact test. Restor. Dent. Endod. 2017, 42, 152-155.
[CrossRef]

Field, A.; Miles, ].; Field, Z. Discovering Statistics Using R; Sage Publications: New York, NY, USA, 2012.

Shevlin, M.; Miles, J. Applying Regression and Correlation: A Guide for Students and Researchers. In Applying Regression and
Correlation; Sage Publications: New York, NY, USA, 2000; pp. 1-272.

Chicco, D.; Warrens, M.J.; Jurman, G. The coefficient of determination R-squared is more informative than SMAPE, MAE, MAPE,
MSE and RMSE in regression analysis evaluation. Peer] Comput. Sci. 2021, 7, e623. [CrossRef]

Battaglia, G.; Giustino, V.; Tabacchi, G.; Lanza, M.; Schena, E; Biino, V.; Giuriato, M.; Gallotta, M.C.; Guidetti, L.; Baldari, C.; et al.
Interrelationship Between Age, Gender, and Weight Status on Motor Coordination in Italian Children and Early Adolescents
Aged 6-13 Years Old. Front. Pediatr. 2021, 9, 965. [CrossRef] [PubMed]

Long, ].M.; Mareno, N.; Shabo, R.; Wilson, A.H. Overweight and obesity among White, Black, and Mexican American children:
Implications for when to intervene. . Spec. Pediatr. Nurs. [SPN 2012, 17, 41-50. [CrossRef] [PubMed]

Li, X,; Xiang, S.-T.; Dong, J.; Zhong, Y.; Zhao, S.; Xiao, Z.; Li, L. Association between Physical Activity and Age among Children
with Overweight and Obesity: Evidence from the 2016-2017 National Survey of Children’s Health. BioMed Res. Int. 2020,
2020, 9259742. [CrossRef] [PubMed]

Ma, Z.; Wang, J.; Li, ].; Jia, Y. The association between obesity and problematic smartphone use among school-age children and
adolescents: A cross-sectional study in Shanghai. BMC Public Health 2021, 21, 2067. [CrossRef] [PubMed]

Grace, G.A.; Edward, S.; Gopalakrishnan, S. Dietary habits and obesity among adolescent school children: A case control study in
an urban area of kancheepuram district. Indian J. Community Med. 2021, 46, 637-640. [CrossRef] [PubMed]

Moradi, M.; Mozaffari, H.; Askari, M.; Azadbakht, L. Association between overweight/obesity with depression, anxiety, low
self-esteem, and body dissatisfaction in children and adolescents: A systematic review and meta-analysis of observational studies.
Crit. Rev. Food Sci. Nutr. 2022, 62, 555-570. [CrossRef]

Ranasinghe, P; Jayawardena, R.; Gamage, N.; Pyjitha Wickramasinghe, V.; Hills, A.P. The Range of Non-Traditional Anthropo-
metric Parameters to Define Obesity and Obesity-Related Disease in Children: A Systematic Review. Eur. |. Clin. Nutr. 2021, 75,
373-384. [CrossRef]

Tishukaj, F; Shalaj, I.; Gjaka, M.; Ademi, B.; Ahmetxhekaj, R.; Bachl, N.; Tschan, H.; Wessner, B. Physical Fitness and An-
thropometric Characteristics among Adolescents Living in Urban or Rural Areas of Kosovo. BMC Public Health 2017, 17, 711.
[CrossRef]

Fraser, B.J.; Rollo, S.; Sampson, M.; Magnussen, C.G.; Lang, ].J.; Tremblay, M.S.; Tomkinson, G.R. Health-Related Criterion-
Referenced Cut-Points for Musculoskeletal Fitness Among Youth: A Systematic Review. Sports Med. 2021, 51, 2629-2646.
[CrossRef]

De Almeida-Neto, P.F,; Oliveira, VM.M.; de Matos, D.G.; dos Santos, K.; Baxter-Jones, A.; Pinto, V.C.M.; Cesario, T.D.M.;
Aidar, FJ.; Dantas, PM.S.; Cabral, B.G.D.A.T. Factors related to lower limb performance in children and adolescents aged 7 to 17
years: A systematic review with meta-analysis. PLoS ONE 2021, 16, e0258144. [CrossRef] [PubMed]

Cristi-Montero, C.; Courel-Ibafiez, J.; Ortega, F.B.; Castro-Pifiero, J.; Santaliestra-Pasias, A.; Polito, A.; Vanhelst, J.; Marcos, A.;
Moreno, L.M.; Ruiz, ].R. Mediation role of cardiorespiratory fitness on the association between fatness and cardiometabolic risk
in European adolescents: The HELENA study. J. Sport Health Sci. 2021, 10, 360-367. [CrossRef] [PubMed]

Cao, Y.; Zhu, L.; Liu, ]. Effects of aerobic exercise on obese children with metabolic syndrome: A systematic review and
meta-analysis. J. Pediatr. Endocrinol. Metab. 2021, 34, 1069-1079. [CrossRef]

Hsu, C.-S.; Chang, S.-T.; Nfor, O.N.; Lee, K.-].; Ho, C.-C.; Liu, C.-C.; Lee, S.-S.; Liaw, Y.-P. Association of Metabolic Syndrome
with Aerobic Exercise and LPL Rs3779788 Polymorphism in Taiwan Biobank Individuals. Diabetes Metab. Syndr. Obes. 2021, 14,
3997-4004. [CrossRef] [PubMed]

Apor, P. Stroke és a cardiorespiratoricus fittség. Orv. Hetil. 2021, 162, 1567-1572. [CrossRef] [PubMed]

Bai, X.; Soh, K.G.; Dev, R.D.O,; Talib, O.; Xiao, W.; Ong, S.L.; Zhao, C.; Galeru, O.; Casaru, C. Aerobic Exercise Combination
Intervention to Improve Physical Performance Among the Elderly: A Systematic Review. Front. Physiol. 2022, 12, 2311. [CrossRef]
[PubMed]


http://doi.org/10.3390/ijerph17030815
http://doi.org/10.1016/j.jacc.2006.08.065
http://doi.org/10.1136/bjsm.2009.062679
http://doi.org/10.1080/02701367.2010.10599661
http://doi.org/10.1016/j.amepre.2011.07.007
http://www.ncbi.nlm.nih.gov/pubmed/21961610
http://doi.org/10.5395/rde.2017.42.2.152
http://doi.org/10.7717/peerj-cs.623
http://doi.org/10.3389/fped.2021.738294
http://www.ncbi.nlm.nih.gov/pubmed/34568243
http://doi.org/10.1111/j.1744-6155.2011.00309.x
http://www.ncbi.nlm.nih.gov/pubmed/22188271
http://doi.org/10.1155/2020/9259742
http://www.ncbi.nlm.nih.gov/pubmed/33029532
http://doi.org/10.1186/s12889-021-12124-6
http://www.ncbi.nlm.nih.gov/pubmed/34763684
http://doi.org/10.4103/ijcm.IJCM_1013_20
http://www.ncbi.nlm.nih.gov/pubmed/35068725
http://doi.org/10.1080/10408398.2020.1823813
http://doi.org/10.1038/s41430-020-00715-2
http://doi.org/10.1186/s12889-017-4727-4
http://doi.org/10.1007/s40279-021-01524-8
http://doi.org/10.1371/journal.pone.0258144
http://www.ncbi.nlm.nih.gov/pubmed/34614024
http://doi.org/10.1016/j.jshs.2019.08.003
http://www.ncbi.nlm.nih.gov/pubmed/33993922
http://doi.org/10.1515/jpem-2021-0295
http://doi.org/10.2147/DMSO.S328308
http://www.ncbi.nlm.nih.gov/pubmed/34548800
http://doi.org/10.1556/650.2021.32123
http://www.ncbi.nlm.nih.gov/pubmed/34570719
http://doi.org/10.3389/fphys.2021.798068
http://www.ncbi.nlm.nih.gov/pubmed/35058805

Int. |. Environ. Res. Public Health 2022, 19, 11213 11 of 11

60.

61.

62.

De Lima, T.R.; Martins, P.C.; Moreno, Y.M.E,; Chaput, ].-P.; Tremblay, M.S.; Sui, X.; Silva, D.A.S. Muscular Fitness and Car-
diometabolic Variables in Children and Adolescents: A Systematic Review. Sports Med. 2022, 52, 1555-1575. [CrossRef] [PubMed]
Izquierdo, M.; Merchant, R.A.; Morley, J.E.; Anker, S.D.; Aprahamian, I.; Arai, H.; Aubertin-Leheudre, M.; Bernabei, R,;
Cadore, E.L.; Cesari, M.; et al. International Exercise Recommendations in Older Adults (ICFSR): Expert Consensus Guidelines.
J. Nutr. Health Aging 2021, 25, 824-853. [CrossRef] [PubMed]

Zhao, M.; Veeranki, S.P.; Magnussen, C.G.; Xi, B. Recommended physical activity and all cause and cause specific mortality in US
adults: Prospective cohort study. BM]J 2020, 370, m2031. [CrossRef]


http://doi.org/10.1007/s40279-021-01631-6
http://www.ncbi.nlm.nih.gov/pubmed/35020179
http://doi.org/10.1007/s12603-021-1665-8
http://www.ncbi.nlm.nih.gov/pubmed/34409961
http://doi.org/10.1136/bmj.m2031

	Introduction 
	Materials and Methods 
	Study Subjects 
	Ethical Aspects 
	Data Collection 
	BMI 
	Abdominal Adiposity 
	Horizontal Jump 
	40 m Maximal Velocity 
	Aerobic Fitness 
	Statistical Analysis 

	Results 
	Discussion 
	Study Strengths, Limitations, and Future Perspectives 
	Conclusions 
	References

