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Abstract: Unhealthy lifestyles, low levels of physical fitness, and adherence to the Mediterranean diet
(MD) are associated with bad quality of life and the development of a wide range of non-communicable
diseases (NCDs). The current study aimed to evaluate the level of adherence to the MD in physical
fitness performance and body composition parameters in children and adolescents of Estonia.
Therefore, 413 adolescents (56% boys) from the city of Tartu completed the Mediterranean Diet
Questionnaire (KIDMED) for analyzing the adherence to MD and performed the Alpha Fitness Test
for measuring physical fitness and body composition. A 41.67% of low, 44.05% of average, and
14.28% of high adherence to MD was detected, without difference between genders (p = 0.747). In the
Alpha Fitness battery, a higher performance was observed in all tests for boys vs. girls (p < 0.05).
In relation to body composition, higher height, weight, and waist values were observed in boys
(p < 0.05) and a lower body fat percentage (p < 0.01) without differences in body mass index (BMI;
p =0.906). The adherence to the MD is classified as average/low. Gender significantly influences all
variables of the Alpha Fitness battery and anthropometrics measures excepting BMIL. According the
levels of adherence to the MD, no statistically different prevalence was observed for Non-Overweight
(N-Oweight), Non-Overfat (N-Og,t), or Non-Overwaist (N-Oyaist)- Still, a risk factor for Overweight
(Oweight) in boys with low adherence was observed in comparison to those with a mid-level of
adherence to the MD.

Keywords: adolescents; obesity; nutrition; sedentary; physical inactivity; lifestyle; cardiovascular
risk factors; body composition

1. Introduction

The clinical manifestations of non-communicable diseases (NCDs) usually appear during
adulthood. However, the development of the asymptomatic phase can start at an early age [1].
NCDs, also known as chronic diseases, tend to be long-lasting and are the result of a combination of
genetic, physiological, environmental, and behavioral factors [2]. An unhealthy lifestyle can contribute
to the development of cardiovascular diseases, the main NCDs in terms of premature deaths [3].
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Obesity, a chronic disease of multifactorial origin, is one of the most serious and prevalent NCDs
today. Its high prevalence worldwide (5.6% in girls and 7.8% in boys) is associated with potentially
severe complications and requires a multidisciplinary approach due to its high clinical impact and
healthcare costs [4]. Despite decades of struggle against this epidemic, which represents an important
threat to public healthcare, the huge increase of obesity in childhood and adolescence is one of the
greatest public health challenges of the 21st century [5], with the added problem of an unpromising
future due to trends of growing rates [6,7].

The assessment and monitoring of health risks at these age stages are essential for the provision
of resources and the planning of health services and preventive interventions [8], allowing the
identification of the population groups and regions where the need may be greater [5]. Furthermore,
these periods of life are very important due to the establishment of life habits and the large number
of psychological and physiological changes that take place [9]. In both childhood and adolescence,
health status is influenced by several factors, including dietary patterns and physical activity, which
are fundamental elements of lifestyle in terms of primary prevention and therapeutic education [10].
Therefore, the habits adopted at these ages may represent an advantage or a risk for preventing NCDs,
and they establish a good predictor of health and subsequent morbidity and mortality [10-12].

Malnutrition increases the risk of NCDs in childhood and adolescence [13], whereas a healthy
dietary pattern such as the Mediterranean diet (MD) [14] is shown as a decisive factor in the protection
against diseases and premature deaths [15,16], and has benefits for the treatment and the improvement
of the most prevalent NCDs nowadays [2,14,16,17]. The MD is based on a high intake of fruits,
vegetables, legumes, and unrefined cereals, a moderate to high intake of olive oil and fish (depending
on the proximity to the sea), a moderate intake of milk, yogurt, and cheese, and a low consumption
of meat or meat products [18]. The research on the adherence to the MD in children and adolescents
from Mediterranean and non-Mediterranean countries and their influence on health has increased in
recent years. This is due to its protective value, and as a treatment for NCDs such as cardiovascular
diseases, diabetes mellitus type 2, or obesity, among others [19-24]. In addition, the food intake during
adolescence, the fundamental age in the establishment of dietary patterns, is a significant predictor of
food intake in adulthood [25].

Sedentarism and physical inactivity are two of the most determining factors of lifestyle and health
in children and adolescents [26-29]. The WHO reports that more than 80% of adolescents do not
meet the recommended levels of physical activity [30], whose benefits are widely documented [31,32],
having a direct relationship with the prevention and treatment of NCDs at these ages [33-36]. The
levels of physical fitness in adolescents are an important indicator of their lifestyle and seem to have
positive consequences on health-related quality of life (HRQoL) [37]. A low level of physical fitness is
associated with NCD risk factors that can persist into adulthood [38,39]. On the contrary, a high level
of physical fitness in childhood and adolescence is considered essential for the maintenance of health,
well-being, and a central defense against NCDs [40]. However, existing data indicate significantly low
levels of physical fitness in children and adolescents [41,42]. Therefore, the control and the assessment
of physical fitness is crucial for identifying and intervening in its modifiable factors, and thus setting
up the appropriate public health strategies for these ages [43].

The current bibliography includes inverse correlations between NCDs, levels of physical fitness,
normal range for body composition parameters values, and adherence to the MD in children and
adolescents [15,16,44,45]. Furthermore, in turn, existing data relate an adequate body composition
with good physical fitness and/or a high rate of adherence to the MD [14,16,17,46—48]. Considering
the importance of the abovementioned factors, the purpose of this study was to evaluate the level of
adherence to the MD in physical fitness performance and body composition parameters (body mass
index (BMI), % of body fat and waist circumference) in 413 adolescents (boys and girls) from the city of
Tartu (Estonia).
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2. Materials and Methods

2.1. Study Design

The present study is a cross-sectional, descriptive, and quantitative research that has analyzed
the adherence to the MD diet in body composition and physical fitness in Estonian adolescents.
Deontological standards recognized by the Declaration of Helsinki (revision of Hong Kong in September
1989 and Edinburgh in 2000) were followed and the research was carried out in accordance to the
recommendations of Good Clinical Practice of the EEC (document 111/3976/88 of July 1990). In addition,
the Ethics Committee of the University of Tartu approved the present study (Ref.: 281/T-10).

2.2. Study Sample

The current research included 13 to 16-year-old school students from the city of Tartu (Estonia).
To start, 588 participants (326 boys and 265 girls) were selected and, finally, 413 adolescents, 233
boys (56%, Mage = 15.05 + 1.14 years) and 180 girls (44%, Mage = 15.17 £ 1.08 years) took part in it.
The students were recruited from three randomly chosen schools in Tartu: Kivilinna Kool (43.8%),
Forseliuse Kool (29.1%), and Tamme Kool (27.1%). The inclusion criteria for the current study were:
Female and male subjects aged 13 to 16-years-old having submitted the signed informed consent by
their parents or tutors. In relation to their health status, the participants were those students who
attended Physical Education classes regularly. The participants had no cognitive, physical, or motor
limitations. Adolescents were asked for verbal consent, being informed that their participation was
voluntary and that they could withdraw from the research at any time.

2.3. Instruments

2.3.1. Adherence to the MD (KIDMED)

Adherence to the Mediterranean Diet Questionnaire (KIDMED) was used to assess the adherence in
adolescents (http://www.aulamedica.es/nh/pdf/9828.pdf) [49]. The questionnaire, previously validated,
consists of 16 items, 12 of them suppose a positive score in relation to the adherence to the MD, and the
other 4 suppose a negative score. Affirmative answers to the questions that involve greater adherence
to the diet are worth +1 point. Affirmative answers to the questions that suppose fewer adherences to
the diet are worth —1 point. KIDMED index is the result of the sum of the scores and ranges from 0 to
12 (minimum to maximum adherence). Adherence to the MD can be classified into three categories:
Low adherence: Very low-quality diet (0 to 3 points); average adherence: Improvement of the dietary
pattern is needed (4 to 7 points); and high adherence: Optimal MD (8 to 12 points).

2.3.2. Alpha Fitness Test Battery

The extended version of the Alpha Fitness test battery (Ref: 2006120) was employed for assessing
physical fitness and body composition. This battery consists of four tests: Handgrip strength test, long
jump test, speed-agility, and cardiorespiratory fitness test [50].

The handgrip strength test, using a hand dynamometer with an adjustable fit (TKK 5401 Grip D,
Takey, Tokyo, Japan), evaluates the maximum strength of upper extremities. Before the beginning of
the test, an assessor showed the correct procedure and how to adjust the dynamometer individually in
accordance to the size of the hand of every participant [51]. During the test, the assessor encouraged
the participants verbally to “grip as strong as possible” in order to maintain the maximal strength for
two seconds. The average result of the two attempts for each hand was recorded.

A long jump test from a standing position was performed in order to analyze the explosive
strength of lower extremities. The participants were placed behind the jump line with both feet together
realizing an explosive jump covering the longest distance possible. The distance was measured from
the take-off line point where the back of the heel nearest to the take-off line landed on the ground. The
best out of two jumps was recorded.
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In order to measure the speed-agility, a 4 X 10 m test was employed. Before the start of the test, an
evaluator showed how to run as quickly as possible the 10 m distance between two lines four times. In
total, the participants completed two series. The participants realized the test twice being recorded the
best time.

A 20 m shuttle test was performed for evaluating cardiorespiratory fitness [52]. During the test,
the participants had to cover a distance of 20 m and back, adjusting their running pace to the rhythm of
an external acoustic signal (beep). From 8.5 km/h, the running speed increased 0.5 km/h each minute
due to a shorter time lap between the beeps. The test was finished when the participants were not able
to reach anymore the line for the second time at the same time as the beep, or when they had to stop
due to fatigue.

2.3.3. Body Composition

The height of the participants was measured using a portable height rod with an accuracy of
0.1 cm (Seca 213, Seca, Hamburg, Germany). The subjects wore light clothing for measuring body
weight (with an accuracy of 0.10 kg) and body fat percentage by a bioelectric impedance (Tanita
Inner Scan BF-689, Tanita, Tokyo, Japan). The body mass index (BMI) was calculated from the ratio
between body weight (kg) and the height squared of the participants (m?). The waist perimeter (with
an accuracy of 0.1 cm) was measured with a non-flexible anthropometric tape measure (Seca 201, Seca,
Hamburg, Germany). Waist circumference was measured at the level of the narrowest point between
the lowest rib and the iliac crest at the end of a normal exhalation. In order to classify the participants
attending to their body composition parameters, they were classified as Non-Overweight (N-Oyyeight)
or Overweight (Oyeight) (regarding their BMI), Non-Overfat (N-Og,t) or Overfat (Ogay) (related to their
fat%), and Non-Overwaist (N-Oy,ist) or Overwaist (Oya,ist) (attending to their waist circumference)
based on the reference values provided by Moreno et al. [53,54].

2.4. Methodology

The Alpha Fitness test battery and the KIDMED questionnaire were completed by all the
participants during their physical education classes. The test battery was organized as a circuit and
the different tests were performed successively. The cardiorespiratory fitness test was completed by
several students at the same time on a different class day. The preparation and the implementation of
all the physical tests took 90 min for each group of students.

2.5. Data Analysis

The qualitative variables are expressed in frequencies and percentages (%), while the quantitative
variables are presented as means (M) and standard deviations (SD). The Kolmogorov-Smirnoff test
was performed in order to verify the normality of the variables and the homogeneity of variances
by Levene’s test. In order to analyze the adherence to the MD (low, medium, or high), the gender
(boys and girls) and the interaction between gender-adherence to the MD, a multivariate analysis of
variance (MANOVA) was performed, taking as dependent variables the body composition parameters,
physical fitness results, and KIDMED and Alpha Fitness index; gender and adherence to the MD
were considered fixed factors. In the case of statistically significant differences, a Bonferroni post-hoc
test was performed. Additionally, Eta-squared (1772]) was calculated with <0.25, 0.26-0.63, and >0.63
considered small, medium, and large effect sizes, respectively [55]. For analyzing the adherence to the
MD in the prevalence of obesity attending to three criteria (Oweight, Ofat, and Oyaist), @ Chi-square test
was performed. Subsequently, an odd-ratio (OR) was calculated for estimating the risk of overweight
based on the adherence to the MD. The level of statistical significance was fixed as p < 0.05. Data
analysis was carried out using the SPSS statistical package (version 25.0, SPSS Inc., Chicago, IL, USA).
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3. Results

3.1. Adherence to the MD (KIDMED)

No differences in the KIDMED index were found when comparing boys and girls (p = 0.673).
When stratifying the whole sample by the level of adherence to the MD, we found that 41.67% of the
participants showed low adherence, 44.05% an average adherence level, and 14.28% a high level.

3.2. Alpha Fitness Test Battery

Table 1 shows the physical fitness results in relation to gender and level of adherence to the
MD in boys and girls. Statistically significant differences for gender can be observed in all physical
fitness variables (p < 0.05), and no statistically significant results for the adherence to the MD or for
gender-adherence to the MD (p > 0.05) were found. Regarding Alpha Fitness Test, the boys obtained
statistically higher values than girls in handgrip strength (32.99 + 0.50 vs. 25.92 + 0.66, p < 0.001;
17%, = 0.152), jump (192.93 + 1.99 vs. 169.26 + 2.65, p < 0.001; 13, = 0.107), cardiorespiratory fitness (6.75 +
0.16 vs. 5.60 = 0.21, p < 0.001; 17% = 0.047), and speed-agility test (11.66 + 0.09 vs. 12.21 + 0.12, p < 0.001;
15 = 0.031).

When categorizing the average levels of the boys and the girls into the different levels of physical
fitness established by Ortega et al. [52], the values of the boys are classified as low in handgrip, medium
in 4 X 10 m and resistance, and high in jump test. According to this categorization, the girls show high
average values in all the physical fitness variables, except for handgrip, where the average value is
classified as medium.

3.3. Body Compositions

Table 2 shows the relation between the adherence to the MD and gender regarding body
composition parameters. Similarly, as physical fitness variables, statistically significant differences
were observed for some of the variables analyzed only for gender (p < 0.05), with the exception of BMI,
and no statistically significant results for the adherence to the MD and gender-adherence to the MD in
any of the variables analyzed (p > 0.05). Statistically significant differences were found for gender,
with higher values in boys vs girls for height (1.74 + 0.09 vs. 1.65 + 0.07, p < 0.001; 17’27 = 0.996) and
weight (66.2 + 15.29 vs. 59.5 + 11.77, p < 0.001; n% = 0.042). However, no significant differences were
observed for BMI (p = 0.906; 17;2, < 0.001). Moreover, lower values were found in boys vs. girls in body
fat percentage (14.68 + 0.47 vs. 25.21 + 0.62, p < 0.001; 1), = 0.310) and higher in waist (78.10 + 0.66 cm
vs. 71.07 + 2.41 cm, p < 0.001; 15 = 0.084).

In the analysis based on BMI (N-Oyeight and Oyeight) (Table 3), a trend to significance was observed
only in boys (p = 0.053), since it is a risk factor to have a low-level vs. mid-level of adherence to the MD
(OR =1.69 [1.03-2.79]). As for waist measurements (N-Oyy,ist and Oyaist), a trend toward significant
differences in boys (p = 0.098) was also observed, although there was no risk factor for Oy,ist based on
the level of adherence to the MD. No statistically significant differences were observed in relation to
the fat % (N-Ofg,t, and Og,) for the total sample, boys and girls (p > 0.05). Moreover, no statistically
significant differences for the total sample and for the girls in N-Oyeight VS. Oweight and N-Oyyaist Vs.
Owaist were found.
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Table 1. Physical fitness results attending to gender and level of adherence to the Mediterranean diet (MD) in both boys and girls.

Mid High e Gender e e e AdE D
s
e & RRNE RENS Rells e wm oes
Ty
e oy o teion Shiom soiom <womr oow

Data expressed mean + standard deviation (SD). * Significant difference for a factor; statistical significance at p < 0.05.

Table 2. Body composition measures attending to gender and level of adherence to the MD in both boys and girls.

Variable  Gender Low Mid Hign D B Gender e i Adv o oD

Data expressed mean + SD * Significant difference for a factor; statistical significance at p < 0.05.
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Table 3. Classification of overweight and non-overweight in boys and girls with different level of adherence to the MD attending to different criteria.

Level of Body Mass Index % Body Fat Waist
Adherenceto  Gender  N-Oyeight Oweight p-Value N-Ogy Orat p-Value N-Oyaist Owaist p-Value

MD (n = 301) (n=49) Boys Girls Total (n = 346) (n=67) Boys Girls Total (n = 306) (n =107) Boys Girls Total
Boys 67.4% (60) 32.6% (29) 0.053 0.436 0.123 87.6% (78) 12.4% (11) 0.637 0.322 0.559 68.5% (61) 31.5% (28) 0.098 0.642 0.494

Low Girls  759% (63)  24.1% (20) 81.9% (68)  18.1% (15) 783% (65)  21.7% (21.8)
Total  715%(123)  28.5% (49) 84.9% (146)  15.1% (26) 73.3% (126)  26.7% (46)
Boys 80.8% (84) 19.2% (20) 90.4% (94) 9.6% (10) 79.8% (83) 20.2% (21)

Mid Girls  722%(57)  27.8% (22) 759% (60)  24.1% (19) 722% (57)  27.8% (22)
Total  77.0% (141)  23.0% (42) 84.2% (154)  15.9% (29) 76.5% (140)  23.5% (43)
Boys 65.0% (26) 35.0% (14) 85.0% (34) 15.0% (6) 65.0% (26) 35.0% (14)

High Girls  611%(11)  38.9% (7) 66.7% (12)  33.3% (6) 77.8% (14) 22.2% (4)
Total  729%(37)  27.1% (21) 79.3% (46)  20.7% (12) 69.0% (40)  31.0% (18)

Data expressed as percentages (%) and frequencies.
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4. Discussion

The current research is the first to analyze the levels of adherence to the MD in adolescent school
students in Estonia, and its associations with physical fitness and body composition in a sample of
male and female adolescents. The data from the KIDMED questionnaire (low 41.6%, average 44.05%,
and high adherence to the MD, 14.28%) provide notably lower results than those of studies conducted
in Mediterranean countries [56,57], but similar to those of studies carried out in non-Mediterranean
countries [19]. In turn, the results obtained in the current study match those found by similar studies
in southern European countries [20,58,59], with a comparable percentage in subjects with a medium
adherence to the MD, but with higher results in those who presented a low adherence to the MD.
However, the adherence is inferior in comparison to the results of a recent study by Galan-Lopez et al.,
conducted in Icelandic adolescents, and where 14.99% of low adherence was found, 60.72% of mild
adherence, and 24.29% of high adherence [24]. In agreement with the results obtained by Ozen et al.,
which exhibited important differences in relation to a high and a low adherence in the population
analyzed, with a clear trend to abandon the MD [60], the results found in the current research show a
tendency to decrease the patterns related to the MD, since the average and low adhesion quantify more
than 85% of the participating population. In addition, as in previous studies, there is no difference in
adherence to the MD according to gender [20,24,61]. Moreover, similar to different studies, there is no
difference between levels of adherence to the MD related to gender.

When analyzing the results of the different physical tests of the Alpha Fitness battery by gender,
it can be confirmed that there are differences in all the Alpha Fitness variables, with higher scores for
the boys. These results are in line with those found in several studies with a similar population, in
which a better performance was observed in the tests of handgrip strength, long jump, speed-agility,
and cardiorespiratory fitness in boys with respect to girls [62-65]. In addition, in the analysis of body
fat, a higher percentage of body fat was observed in girls (25.01% vs. 14.68%, p < 0.001), so the higher
levels of lean body mass in the boys explain a higher ability to attain higher levels of strength, speed,
and cardiorespiratory fitness [66], although this could also be due to a higher level of physical inactivity
or sedentarism in girls, a fundamental determinant of NCDs [29]. Similar to the research conducted by
Galan-Lopez et al., the current research presents a novel aspect [24], since it compares the results of the
tests of health-related physical fitness and level of adherence to the MD, seeking possible associations.
Significant differences were observed in the performances in the tests, but there were no significant
differences when relating the same result with the level of adherence to the MD, coinciding with what
was found by Galan-Lopez et al. [61].

Once the variables of the body composition of the participants were calculated, significant
differences were observed between boys and girls in weight, height, % of body fat, and waist
circumference. These results are similar to those obtained in several studies with adolescent populations,
in which the girls showed higher levels of adiposity, whereas the boys presented higher results in
weight, height, and waist circumference [24,67-69]. Furthermore, it is necessary to highlight that,
although there are differences in the variables of weight, height, body fat percentage, and waist
circumference, the values of these variables, in addition to those related to BMI, are classified as average
values based on the levels established by Moreno et al. [53,54]. Contrary to what was found in the
AVENA study [70], the participants of the current research do not suffer from obesity, since the values
of BMI, waist circumference, and percentage of body fat are classified as mean values. Furthermore,
the data concerning the weight of the population are similar to the reference values for European
adolescents provided in the HELENA study [71].

In contrast to what is reflected in several recent studies, which have found a direct relationship
between adherence to the MD, weight, and BMI of the subjects [21,72], as well as waist circumference [73],
our study does not show any association between the level of adherence to the MD and the body
composition parameters.

On the other hand, there is growing evidence that health behaviors are grouped. During
adolescence, a healthy diet combined with regular physical activity increases the likelihood of a
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healthy pattern of constant physical maturation [18]. In addition, there are independent and combined
associations between physical fitness, physical activity, body composition, and adherence to the MD
with HRQoL in children, adolescents, and adults [15,19-22], and with significant improvements in
joint interventions [23-25].

A correct evaluation and control of physical activity, body composition, and dietary habits that
are more determinant for health in these stages, is fundamental, even more so when the process in
these ages is considered reversible [74]. In addition, habits can both prevent or reduce the risk factors
associated with NCDs by implementing a healthy lifestyle [75]. The current research highlights the
importance of developing and maintaining healthy physical fitness habits, as well as improving and
maintaining dietary patterns focused on the MD, since, together, both result in a better HRQoL at
these ages.

The cross-sectional design of the current study has limitations, since the conclusions should not
be attributed to plausible causes, but they can be used as valuable indications to be taken into account
for future research. In addition, the data collected (KIDMED) were self-reported, which could lead to
an error in the reports and recall due to the nature of the study.

5. Conclusions

As a novel aspect, this article is the first to analyze the adherence to the MD in relation to the
variables of physical fitness and body composition in Estonian adolescents.

The adolescents who participated in this research show medium levels of physical fitness, with
higher results for the boys. The participants” adherence to the MD is classified as average/low.
Gender significantly influences all variables of Alpha Fitness battery and anthropometrics measures,
except BMI.

No statistically significant difference in prevalence was observed for N-Oyeight, N-Ofat, 0r N-Oyaist
in relation to adherence to the MD. Nevertheless, a risk factor for Ogeight in boys with low adherence
was observed in comparison to those with a mid-level of adherence.

Author Contributions: Conceptualization, PG.-L.; R.D.; A.].S.-O.; ER.; Data Curation, R.D.; Formal Analysis, R.D.;
A].S.-O,; Investigation, PG.-L.; A.].5.-O.; ER.; Methodology, P.G.-L.; M.P; T.G.; Resources, M.P; Visualization, ER.;
Writing—Original Draft, PG.-L.; R.D.; A.].S.-O.; ER.; Writing—Review and Editing, PG.-L.; R.D.; A.].5.-O.; ER.

Funding: This work was supported by the fifth Research Program 2013-2016 (PP12015-IV.5 / PP2016-EBRV) of the
University of Seville, Seville, Spain and the University of Tartu.

Acknowledgments: The authors thank the participants and schools in the study. The authors are grateful to Giles
Collinge for reviewing the academic English writing.

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

References

1.  Balagopal, P.; de Ferranti, S.D.; Cook, S.; Daniels, S.R.; Gidding, S.S.; Hayman, L.L.; McCrindle, B.W.;
Mietus-Snyder, M.L.; Steinberger, J.; American Heart Association Committee on Atherosclerosis Hypertension
and Obesity in Youth of the Council on Cardiovascular Disease in the Young; et al. Nontraditional Risk
Factors and Biomarkers for Cardiovascular Disease: Mechanistic, Research, and Clinical Considerations
for Youth: A scientific statement from the American Heart Association. Circulation 2011, 123, 2749-2769.
[PubMed]

2. Organizacion Mundial de la Salud (OMS). Non Communicable-Diseases. Available online: https://www.
who.int/es/news-room/fact-sheets/detail/noncommunicable-diseases (accessed on 23 April 2019).

3. Sanchez-Oliver, A.J.; Martin-Garcia, C.; Galvez-Ruiz, P.; Gonzélez-Jurado, ].A. Mortality and Economic
Expenses of Cardiovascular Diseases Caused by Physical Inactivity in Spain. J. Phys. Educ. Sport 2018, 18,
1420-1426.


http://www.ncbi.nlm.nih.gov/pubmed/21555711
https://www.who.int/es/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/es/news-room/fact-sheets/detail/noncommunicable-diseases

Int. |. Environ. Res. Public Health 2019, 16, 4479 10 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Abarca-Gomez, L.; Abdeen, Z.A.; Hamid, Z.A.; Abu-Rmeileh, N.M.; Acosta-Cazares, B.; Acuin, C.; Adams,R.J.;
Aekplakorn, W.; Afsana, K.; Aguilar-Salinas, C.A.; et al. Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: A pooled analysis of 2416 population-based measurement studies
in 1289 million children, adolescents, and adults. Lancet 2017, 390, 2627-2642. [CrossRef]

Suérez Carmona, W.; Sanchez Oliver, A.; Gonzalez Jurado, J. Fisiopatologia de la obesidad: Perspectiva
actual. Rev. Chil. Nutr. 2017, 44, 226-233. [CrossRef]

De Onis, M.; Blossner, M.; Borghi, E. Prevalence and trends of stunting among pre-school children, 1990-2020.
Public Health Nutr. 2012, 15, 142-148. [CrossRef]

Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbafati, C.; Abera, S.F; et al. Global, regional, and national prevalence of overweight and obesity in children
and adults during 1980-2013: A systematic analysis for the Global Burden of Disease Study 2013. Lancet
2014, 384, 766-781. [CrossRef]

Suérez-Carmona, W.; Sanchez-Oliver, A.]. Indice de masa corporal: Ventajas y desventajas de su uso en la
obesidad. Relacion con la fuerza y la actividad fisica. Nutr. Clin. Med. 2018, 7, 128-139.

Sawyer, S.M.; Afifi, R.A.; Bearinger, L.H.; Blakemore, S.-J.; Dick, B.; Ezeh, A.C.; Patton, G.C. Adolescence: A
foundation for future health. Lancet 2012, 379, 1630-1640. [CrossRef]

Twig, G.; Yaniv, G.; Levine, H.; Leiba, A.; Goldberger, N.; Derazne, E.; Ben-Ami Shor, D.; Tzur, D.; Afek, A,;
Shamiss, A.; et al. Body-Mass Index in 2.3 Million Adolescents and Cardiovascular Death in Adulthood.
N. Engl. ]. Med. 2016, 374, 2430-2440. [CrossRef]

Loef, M.; Walach, H. The combined effects of healthy lifestyle behaviors on all-cause mortality: A systematic
review and meta-analysis. Prev. Med. 2012, 55, 163-170. [CrossRef]

Tombea, E. Assessment of lifestyle in relation to health. The Psychosomatic Assessment: Strategies to Improve Clinical
Practice; Karger Publisher: Basel, Switzerland, 2011; pp. 72-96.

Ambrosini, G.L. Childhood dietary patterns and later obesity: A review of the evidence. Proc. Nutr. Soc.
2014, 73, 137-146. [CrossRef] [PubMed]

Serra-Majem, L.; Roman, B.; Estruch, R. Scientific evidence of interventions using the Mediterranean diet:
A systematic review. Nutr. Rev. 2006, 64, 27-47. [CrossRef]

Sofi, F.; Cesari, F.; Abbate, R.; Gensini, G.E.; Casini, A.; Transmission, P.P. Adherence to Mediterranean diet
and health status: Meta-analysis. BMJ 2014, 337, 333-340. [CrossRef] [PubMed]

Schwingshackl, L.; Schwedhelm, C.; Galbete, C.; Hoffmann, G. Adherence to mediterranean diet and risk of
cancer: An updated systematic review and meta-analysis. Nutrients 2017, 9, 1063. [CrossRef] [PubMed]
Sofi, E; Abbate, R.; Gensini, G.F; Casini, A. Accruing evidence about benefits of adherence to the
Mediterranean diet on health: An updated systematic review and meta-analysis. Am. ]. Clin. Nutr.
2010, 92, 1189-1196. [CrossRef] [PubMed]

Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean Diet and Survival
in a Greek Population. N. Engl. J. Med. 2003, 348, 2599-2608. [CrossRef]

Novak, D.; Stefan, L.; Prosoli, R.; Emeljanovas, A.; Mieziene, B.; Milanovi¢, I.; Radisavljevi¢-Jani¢, S.
Mediterranean Diet and Its Correlates among Adolescents in Non-Mediterranean European Countries:
A Population-Based Study. Nutrients 2017, 9, 177. [CrossRef]

Grosso, G.; Galvano, F. Mediterranean diet adherence in children and adolescents in southern European
countries. NFS J. 2016, 3, 13-19. [CrossRef]

Muros, J.J.; Cofre-Bolados, C.; Arriscado, D.; Zurita, E; Knox, E. Mediterranean diet adherence is associated
with lifestyle, physical fitness, and mental wellness among 10-y-olds in Chile. Nutrition 2017, 35, 87-92.
[CrossRef]

Martino, F; Puddu, PE.; Lamacchia, F; Colantoni, C.; Zanoni, C.; Barilla, F; Martino, E.; Angelico, F.
Mediterranean diet and physical activity impact on metabolic syndrome among children and adolescents
from Southern Italy: Contribution from the Calabrian Sierras Community Study (CSCS). Int. . Cardiol. 2016,
225,284-288. [CrossRef]

Taccarino Idelson, P.; Scalfi, L.; Valerio, G. Adherence to the Mediterranean Diet in children and adolescents:
A systematic review. Nutr. Metab. Cardiovasc. Dis. 2017, 27, 283-299. [CrossRef] [PubMed]

Galan-Lopez, P; Ries, F; Gisladottir, T.; Dominguez, R.; Sinchez-Oliver, A.J. Healthy Lifestyle: Relationship
between Mediterranean Diet, Body Composition and Physical Fitness in 13 to 16-Years Old Icelandic Students.
Int. ]. Environ. Res. Public Health 2018, 15, 2632. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://dx.doi.org/10.4067/S0717-75182017000300226
http://dx.doi.org/10.1017/S1368980011001315
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(12)60072-5
http://dx.doi.org/10.1056/NEJMoa1503840
http://dx.doi.org/10.1016/j.ypmed.2012.06.017
http://dx.doi.org/10.1017/S0029665113003765
http://www.ncbi.nlm.nih.gov/pubmed/24280165
http://dx.doi.org/10.1301/nr.2006.feb.S27-S47
http://dx.doi.org/10.1136/bmj.a1344
http://www.ncbi.nlm.nih.gov/pubmed/18786971
http://dx.doi.org/10.3390/nu9101063
http://www.ncbi.nlm.nih.gov/pubmed/28954418
http://dx.doi.org/10.3945/ajcn.2010.29673
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://dx.doi.org/10.1056/NEJMoa025039
http://dx.doi.org/10.3390/nu9020177
http://dx.doi.org/10.1016/j.nfs.2016.02.004
http://dx.doi.org/10.1016/j.nut.2016.11.002
http://dx.doi.org/10.1016/j.ijcard.2016.10.008
http://dx.doi.org/10.1016/j.numecd.2017.01.002
http://www.ncbi.nlm.nih.gov/pubmed/28254269
http://dx.doi.org/10.3390/ijerph15122632
http://www.ncbi.nlm.nih.gov/pubmed/30477217

Int. |. Environ. Res. Public Health 2019, 16, 4479 11 of 13

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lake, A.A.; Mathers, J.C.; Rugg-Gunn, A.J.; Adamson, A.J. Longitudinal change in food habits between
adolescence (11-12 years) and adulthood (32-33 years): The ASH30 study. |. Public Health (Bangkok). 2006,
28,10-16. [CrossRef] [PubMed]

Wu, X.Y.; Han, L.H.; Zhang, ].H.; Luo, S.; Hu, ].W,; Sun, K. The influence of physical activity, sedentary
behavior on health-related quality of life among the general population of children and adolescents:
A systematic review. PLoS ONE 2017, 12, e0187668. [CrossRef] [PubMed]

Carson, V,; Hunter, S.; Kuzik, N.; Gray, C.E.; Poitras, V.J.; Chaput, J.-P.; Saunders, T.J.; Katzmarzyk, P.T,;
Okely, A.D.; Connor Gorber, S.; et al. Systematic review of sedentary behaviour and health indicators in
school-aged children and youth: An update. Appl. Physiol. Nutr. Metab. 2016, 41, 240-265. [CrossRef]
[PubMed]

Cliff, D.P,; Hesketh, K.D.; Vella, S.A.; Hinkley, T.; Tsiros, M.D.; Ridgers, N.D.; Carver, A.; Veitch, J;
Parrish, A.-M.; Hardy, L.L.; et al. Objectively measured sedentary behaviour and health and development in
children and adolescents: Systematic review and meta-analysis. Obes. Rev. 2016, 17, 330-344. [CrossRef]
Biddle, S.J.H.; Garcia Bengoechea, E.; Wiesner, G. Sedentary behaviour and adiposity in youth: A systematic
review of reviews and analysis of causality. Int. ]. Behav. Nutr. Phys. Act. 2017, 14. [CrossRef]

World Health Organization Report of the Commission on Ending Childhood Obesity: Implementation Plan.
Available online: https://www.who.int/end-childhood-obesity/publications/echo-plan-executive-summary/
en/ (accessed on 20 July 2019).

Hallal, P.C.; Victora, C.G.; Azevedo, M.R.; Wells, ].C.K. Adolescent Physical Activity and Health. Sports Med.
2006, 36, 1019-1030. [CrossRef]

Landry, B.W,; Driscoll, S.W. Physical Activity in Children and Adolescents. PM&R 2012, 4, 826-832.
Ekelund, U.; Luan, J.; Sherar, L.B.; Esliger, D.W.; Griew, P.; Cooper, A.; International Children’s Accelerometry
Database (ICAD) Collaborators. Moderate to Vigorous Physical Activity and Sedentary Time and
Cardiometabolic Risk Factors in Children and Adolescents. JAMA 2012, 307, 704-712. [CrossRef]

Barker, A.R.; Gracia-Marco, L.; Ruiz, ].R.; Castillo, M.].; Aparicio-Ugarriza, R.; Gonzalez-Gross, M.; Kafatos, A.;
Androutsos, O.; Polito, A.; Molnar, D.; et al. Physical activity, sedentary time, TV viewing, physical fitness
and cardiovascular disease risk in adolescents: The HELENA study. Int. J. Cardiol. 2018, 254, 303-309.
[CrossRef] [PubMed]

Myers, J.; McAuley, P.; Lavie, C].; Despres, J.-P.; Arena, R.; Kokkinos, P. Physical Activity and
Cardiorespiratory Fitness as Major Markers of Cardiovascular Risk: Their Independent and Interwoven
Importance to Health Status. Prog. Cardiovasc. Dis. 2015, 57, 306-314. [CrossRef] [PubMed]

Elmesmari, R.; Reilly, ].J.; Martin, A.; Paton, ].Y. Accelerometer measured levels of moderate-to-vigorous
intensity physical activity and sedentary time in children and adolescents with chronic disease: A systematic
review and meta-analysis. PLoS ONE 2017, 12, e0179429. [CrossRef] [PubMed]

Evaristo, S.; Moreira, C.; Lopes, L.; Oliveira, A.; Abreu, S.; Agostinis-Sobrinho, C.; Oliveira-Santos, J.;
Pévoas, S.; Santos, R.; Mota, ]. Muscular fitness and cardiorespiratory fitness are associated with health-related
quality of life: Results from labmed physical activity study. J. Exerc. Sci. Fit. 2019, 17, 55-61. [CrossRef]
Hogstrom, G.; Nordstrom, A.; Eriksson, M.; Nordstrom, P. Risk Factors Assessed in Adolescence and the
Later Risk of Stroke in Men: A 33-Year Follow-Up Study. Cerebrovasc. Dis. 2015, 39, 63-71. [CrossRef]
[PubMed]

Hogstrom, G.; Nordstrom, A.; Nordstrom, P. High aerobic fitness in late adolescence is associated with a
reduced risk of myocardial infarction later in life: A nationwide cohort study in men. Eur. Heart |. 2014, 35,
3133-3140. [CrossRef] [PubMed]

Ortega, EB.; Ruiz, ].R.; Castillo, M.].; Sjostrom, M. Physical fitness in childhood and adolescence: A powerful
marker of health. Int. ]. Obes. 2008, 32, 1-11. [CrossRef]

Lang, J.J.; Tremblay, M.S.; Léger, L.; Olds, T.; Tomkinson, G.R. International variability in 20 m shuttle
run performance in children and youth: Who are the fittest from a 50-country comparison? A systematic
literature review with pooling of aggregate results. Br. ]. Sports Med. 2018, 52, 276. [CrossRef]

Tambalis, K.D.; Panagiotakos, D.B.; Psarra, G.; Sidossis, L.S. Inverse but Independent Trends in Obesity
and Fitness Levels among Greek Children: A Time-Series Analysis from 1997 to 2007. Obes. Facts 2011, 4,
165-174. [CrossRef]


http://dx.doi.org/10.1093/pubmed/fdi082
http://www.ncbi.nlm.nih.gov/pubmed/16473923
http://dx.doi.org/10.1371/journal.pone.0187668
http://www.ncbi.nlm.nih.gov/pubmed/29121640
http://dx.doi.org/10.1139/apnm-2015-0630
http://www.ncbi.nlm.nih.gov/pubmed/27306432
http://dx.doi.org/10.1111/obr.12371
http://dx.doi.org/10.1186/s12966-017-0497-8
https://www.who.int/end-childhood-obesity/publications/echo-plan-executive-summary/en/
https://www.who.int/end-childhood-obesity/publications/echo-plan-executive-summary/en/
http://dx.doi.org/10.2165/00007256-200636120-00003
http://dx.doi.org/10.1001/jama.2012.156
http://dx.doi.org/10.1016/j.ijcard.2017.11.080
http://www.ncbi.nlm.nih.gov/pubmed/29221862
http://dx.doi.org/10.1016/j.pcad.2014.09.011
http://www.ncbi.nlm.nih.gov/pubmed/25269064
http://dx.doi.org/10.1371/journal.pone.0179429
http://www.ncbi.nlm.nih.gov/pubmed/28640907
http://dx.doi.org/10.1016/j.jesf.2019.01.002
http://dx.doi.org/10.1159/000369960
http://www.ncbi.nlm.nih.gov/pubmed/25547343
http://dx.doi.org/10.1093/eurheartj/eht527
http://www.ncbi.nlm.nih.gov/pubmed/24398666
http://dx.doi.org/10.1038/sj.ijo.0803774
http://dx.doi.org/10.1136/bjsports-2016-096224
http://dx.doi.org/10.1159/000327994

Int. |. Environ. Res. Public Health 2019, 16, 4479 12 of 13

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Arnaoutis, G.; Georgoulis, M.; Psarra, G.; Milkonidou, A.; Panagiotakos, D.B.; Kyriakou, D.; Bellou, E.;
Tambalis, K.D.; Sidossis, L.S. Association of Anthropometric and Lifestyle Parameters with Fitness Levels in
Greek Schoolchildren: Results from the EYZHN Program. Front. Nutr. 2018, 5, 10. [CrossRef]

Andersen, L.B.; Sardinha, L.B.; Froberg, K.; Riddoch, C.J.; Page, A.S.; Anderssen, S.A. Fitness, fatness and
clustering of cardiovascular risk factors in children from Denmark, Estonia and Portugal: The European
Youth Heart Study. Int. ]. Pediatr. Obes. 2008, 3, 58-66. [CrossRef] [PubMed]

Nathan, B.M.; Moran, A. Metabolic complications of obesity in childhood and adolescence: More than just
diabetes. Curr. Opin. Endocrinol. Diabetes Obes. 2008, 15, 21-29. [CrossRef] [PubMed]

Bermejo-Cantarero, A.; Alvarez-Bueno, C.; Martinez-Vizcaino, V.; Garcia-Hermoso, A.; Torres-Costoso, A.L;
Sanchez-Lépez, M. Association between physical activity, sedentary behavior, and fitness with health related
quality of life in healthy children and adolescents: A protocol for a systematic review and meta-analysis.
Medicine 2017, 96, €6407. [CrossRef] [PubMed]

Lukacs, A.; Sasvari, P; Kiss-Téth, E. Physical activity and physical fitness as protective factors of adolescent
health. Int. J. Adolesc. Med. Health 2018, 1. [CrossRef]

Tomkinson, G.R.; Carver, K.D.; Atkinson, F; Daniell, N.D.; Lewis, L.K,; Fitzgerald, ].S.; Lang, J.J.; Ortega, EB.
European normative values for physical fitness in children and adolescents aged 9-17 years: Results from
2,779,165 Eurofit performances representing 30 countries. Br. J. Sports Med. 2018, 52, 1445-1456. [CrossRef]
Cabrera, S.G.; Fernandez, N.H.; Hernandez, C.R.; Nissensohn, M.; Romén-Vifa, B.; Serra-Majem, L. KIDMED
test; prevalence of low adherence to the mediterranean diet in children and young; a systematic review
[Test KIDMED; prevalencia de la Baja Adhesion a la Dieta Mediterrdnea en Nifios y Adolescentes; Revision
Sistematica]. Nutr. Hosp. 2015, 32, 2390-2399.

Ruiz, J.R.; Espafia Romero, V.; Castro Pifiero, J.; Artero, E.G.; Ortega, FB.; Cuenca Garcia, M.; Jiménez
Pavén, D.; Chillén, P; Girela Rejon, ].M.; Mora, J.; et al. Bateria Alpha-Fitness: Test de campo para la
evaluacién de la condicion fisica relacionada con la salud en nifios y adolescentes. Nutr. Hosp. 2011, 26,
1210-1214.

Espafia-Romero, V.; Artero, E.G.; Santaliestra-Pasias, A.M.; Gutierrez, A.; Castillo, M.].; Ruiz, ].R. Hand Span
Influences Optimal Grip Span in Boys and Girls Aged 6 to 12 Years. J. Hand Surg. Am. 2008, 33, 378-384.
[CrossRef]

Léger, L.A.; Mercier, D.; Gadoury, C.; Lambert, J. The multistage 20 metre shuttle run test for aerobic fitness.
J. Sports Sci. 1988, 6, 93-101. [CrossRef]

Moreno, L.A.; Mesana, M.L;; Gonzédlez-Gross, M.; Gil, C.M.; Fleta, J.; Warnberg, J.; Ruiz, J.R.; Sarria, A.;
Marcos, A.; Bueno, M.; et al. Anthropometric body fat composition reference values in Spanish adolescents.
The AVENA Study. Eur. J. Clin. Nutr. 2006, 60, 191-196. [CrossRef]

Moreno, L.A.; Mesana, M.1.; Gonzalez-Gross, M.; Gil, C.M.; Ortega, F.B.; Fleta, ].; Warnberg, J.; Leon, J.F.;
Marcos, A.; Bueno, M.; et al. Body fat distribution reference standards in Spanish adolescents: The AVENA
Study. Int. J. Obes. 2007, 31, 1798-1805. [CrossRef] [PubMed]

Richardson, ].T.E. Eta squared and partial eta squared as measures of effect size in educational research.
Educ. Res. Rev. 2011, 6, 135-147. [CrossRef]

Martino, F.; Puddu, PE.; Pannarale, G.; Colantoni, C.; Zanoni, C.; Martino, E.; Barilla, F. Metabolic syndrome
among children and adolescents from Southern Italy: Contribution from the Calabrian Sierras Community
Study (CSCS). Int. ]. Cardiol. 2014, 177, 455-460. [CrossRef] [PubMed]

Peng, W.; Goldsmith, R.; Berry, EIM. Demographic and lifestyle factors associated with adherence to the
Mediterranean diet in relation to overweight/obesity among Israeli adolescents: Findings from the Mabat
Israeli national youth health and nutrition survey. Public Health Nutr. 2017, 20, 883-892. [CrossRef] [PubMed]
Santomauro, F.; Lorini, C.; Tanini, T.; Indiani, L.; Lastrucci, V.; Comodo, N.; Bonaccorsi, G. Adherence to
Mediterranean diet in a sample of Tuscan adolescents. Nutrition 2014, 30, 1379-1383. [CrossRef] [PubMed]
Rito, A.L; Dinis, A.; Rascoa, C.; Maia, A.; Mendes, S.; Stein-Novais, C.; Lima, ]. Mediterranean Diet Index
(KIDMED) Adherence, Socioeconomic Determinants, and Nutritional Status of Portuguese Children: The
Eat Mediterranean Program. Port. J. Public Heal. 2019, 36, 1-9. [CrossRef]

Ozen, A.E.; Bibiloni, M.D.M.; Murcia, M.A.; Pons, A.; Tur, J.A. Adherence to the Mediterranean diet and
consumption of functional foods among the Balearic Islands” adolescent population. Public Health Nutr. 2015,
18, 659-668. [CrossRef]


http://dx.doi.org/10.3389/fnut.2018.00010
http://dx.doi.org/10.1080/17477160801896366
http://www.ncbi.nlm.nih.gov/pubmed/18278634
http://dx.doi.org/10.1097/MED.0b013e3282f43d19
http://www.ncbi.nlm.nih.gov/pubmed/18185059
http://dx.doi.org/10.1097/MD.0000000000006407
http://www.ncbi.nlm.nih.gov/pubmed/28328839
http://dx.doi.org/10.1515/ijamh-2018-0017
http://dx.doi.org/10.1136/bjsports-2017-098253
http://dx.doi.org/10.1016/j.jhsa.2007.11.013
http://dx.doi.org/10.1080/02640418808729800
http://dx.doi.org/10.1038/sj.ejcn.1602285
http://dx.doi.org/10.1038/sj.ijo.0803670
http://www.ncbi.nlm.nih.gov/pubmed/17607324
http://dx.doi.org/10.1016/j.edurev.2010.12.001
http://dx.doi.org/10.1016/j.ijcard.2014.09.020
http://www.ncbi.nlm.nih.gov/pubmed/25443246
http://dx.doi.org/10.1017/S1368980016002779
http://www.ncbi.nlm.nih.gov/pubmed/27829478
http://dx.doi.org/10.1016/j.nut.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/25280416
http://dx.doi.org/10.1159/000495803
http://dx.doi.org/10.1017/S1368980014000809

Int. |. Environ. Res. Public Health 2019, 16, 4479 13 of 13

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Galan-Lopez, P.; Sanchez-Oliver, A J; Ries, F; Gonzalez-Jurado, J.A. Mediterranean Diet, Physical Fitness
and Body Composition in Sevillian Adolescents: A Healthy Lifestyle. Nutrients 2019, 11, 2009. [CrossRef]
Fernandez, I.; Canet, O.; Giné-Garriga, M. Assessment of physical activity levels, fitness and perceived
barriers to physical activity practice in adolescents: Cross-sectional study. Eur. J. Pediatr. 2017, 176, 57-65.
[CrossRef]

Garcia-Sanchez, A.; Burgueno-Menjibar, R.; Lopez-Blanco, D.; Ortega, F.B. Physical fitness, adiposity and
self-concept in adolescents. A pilot study. Condicién fisica, adiposidad y autoconcepto en adolescentes.
Estudio piloto. Rev. Psicol. Deport. 2013, 22, 453-461.

Secchi, ].D.; Garcia, G.C.; Espana-Romero, V.; Castro-Pifiero, J. Condicion fisica y riesgo cardiovascular futuro
en nifios y adolescentes argentinos: Una introduccion de la bateria ALPHA. Arch. Argent. Pediatr. 2014, 112,
132-140. [PubMed]

Villa-Gonzalez, E.; Ruiz, J.R.; Chillén, P. Associations between active commuting to school and health-related
physical fitness in spanish school-aged children: A cross-sectional study. Int. ]. Environ. Res. Public Health
2015, 12, 10362-10373. [CrossRef] [PubMed]

Lloyd, R.S.; Oliver, ]J.L. The youth physical development model: A new approach to long-term athletic
development. Strength Cond. J. 2012, 34, 61-72. [CrossRef]

Gualteros, ].A.; Torres, J.A.; Umbarila-Espinosa, L.M.; Rodriguez-Valero, EJ.; Ramirez-Vélez, R. A lower
cardiorespiratory fitness is associated to an unhealthy status among children and adolescents from Bogota,
Colombia. Endocrinol. Nutr. 2015, 62. [CrossRef]

Joensuu, L.; Syviéoja, H.; Kallio, J.; Kulmala, J.; Kujala, U.M.; Tammelin, T.H. Objectively measured physical
activity, body composition and physical fitness: Cross-sectional associations in 9- to 15-year-old children.
Eur. J. Sport Sci. 2018, 18, 18. [CrossRef]

Syvdoja, H.J.; Kankaanp&d, A.; Kallio, ]J.; Hakonen, H.; Kulmala, J.; Hillman, C.H.; Pesonen, A.-K,;
Tammelin, T.H. The Relation of Physical Activity, Sedentary Behaviors, and Academic Achievement
Is Mediated by Fitness and Bedtime. J. Phys. Act. Heal. 2018, 15. [CrossRef]

Warnberg, J.; Ruiz, J.R.; Ortega, EB.; Romeo, ].; Gonzalez-Gross, M.; Moreno, L.A.; Garcia-Fuentes, M.;
Goémez, S.; Nova, E.; Diaz, L.E. Estudio AVENA (Alimentacion y valoracién del estado nutricional en
adolescentes). Resultados obtenidos 2003—2006. Pediatria Integr. 2006, 1, 50-55.

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

Mistretta, A.; Marventano, S.; Antoci, M.; Cagnetti, A.; Giogianni, G.; Nolfo, F; Rametta, S.; Pecora, G.;
Marranzano, M. Mediterranean diet adherence and body composition among Southern Italian adolescents.
Obes. Res. Clin. Pract. 2017, 11, 215-226. [CrossRef]

Bacopoulou, F; Landis, G.; Rentoumis, A.; Tsitsika, A.; Efthymiou, V. Mediterranean diet decreases adolescent
waist circumference. Eur. J. Clin. Invest. 2017, 47, 447-455. [CrossRef]

Rodrigues, A.; Abreu, G.R.; Resende, R.S.; Goncalves, W.; Gouvea, S.A. Cardiovascular risk factor
investigation: A pediatric issue. Int. . Gen. Med. 2013, 6, 57. [CrossRef] [PubMed]

Martin, A.; Booth, J.N.; Laird, Y.; Sproule, ].; Reilly, ].].; Saunders, D.H. Physical activity, diet and other
behavioural interventions for improving cognition and school achievement in children and adolescents with
obesity or overweight. Cochrane Database Syst. Rev. 2018, 3. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/nu11092009
http://dx.doi.org/10.1007/s00431-016-2809-4
http://www.ncbi.nlm.nih.gov/pubmed/24584787
http://dx.doi.org/10.3390/ijerph120910362
http://www.ncbi.nlm.nih.gov/pubmed/26322487
http://dx.doi.org/10.1519/SSC.0b013e31825760ea
http://dx.doi.org/10.1016/j.endoen.2015.11.002
http://dx.doi.org/10.1080/17461391.2018.1457081
http://dx.doi.org/10.1123/jpah.2017-0135
http://dx.doi.org/10.1136/bjsm.2009.062679
http://dx.doi.org/10.1016/j.orcp.2016.05.007
http://dx.doi.org/10.1111/eci.12760
http://dx.doi.org/10.2147/IJGM.S41480
http://www.ncbi.nlm.nih.gov/pubmed/23515212
http://dx.doi.org/10.1002/14651858.CD009728.pub4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Study Sample 
	Instruments 
	Adherence to the MD (KIDMED) 
	Alpha Fitness Test Battery 
	Body Composition 

	Methodology 
	Data Analysis 

	Results 
	Adherence to the MD (KIDMED) 
	Alpha Fitness Test Battery 
	Body Compositions 

	Discussion 
	Conclusions 
	References

