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Abstract

:

Childhood and adolescent obesity has become one of the most vital challenges to overcome in the present age. Physical fitness, physical activity and the Mediterranean diet (MD) are valuable tools for its prevention and treatment. The main objective of this study is to analyze the associations between health-related physical fitness components, body composition and adherence to the MD in 917 adolescents aged from 13- to 16-years-old. The ALPHA-Fitness Test was used to measure physical fitness and body composition, and the Adherence to the Mediterranean Diet (KIDMED) questionnaire was employed to assess the adherence to the MD. The associations between variables were tested according to gender and age a generalized linear model (GLM) univariate analysis (two factors) and one-way analysis of variance (ANOVA, with Bonferroni posthoc). As to the body composition and physical fitness variables, significant differences were obtained in both genders but not in relation to the adherence to the MD. The boys performed better in the physical fitness tests. Age was a determinant factor in adherence to the MD in the total sample, lowering as the age of the sample increases. Both the boys and girls who had a significantly higher performance in the endurance test were those who showed high/medium adherence to the MD. It is concluded that higher levels of cardiovascular endurance in boys and girls are associated with a medium and high adherence to the MD.
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1. Introduction


Lifestyle is defined as all the characteristics of the behavior of a particular person or community [1]. Lifestyle behaviors include a series of habits relevant for health: physical activity, diet, tobacco, alcohol, sleep, etc. [2].



Physical activity and adequate nutrition are among the most determinant habits of a healthy lifestyle [3]. Physical activity, practiced regularly, has significant benefits for health in children and adolescents [4,5,6]. In relation to this, physical fitness, mainly cardiorespiratory fitness, muscular aptitude and motor competence, have been demonstrated to be potent health indicators in children and adolescents [7]. Moreover, low levels of physical activity in young people are directly associated with a series of metabolic risk factors that may persist until adulthood. These are determinant factors in preventive health [8,9].



The Mediterranean diet (MD), characterized by high consumption of whole grains, legumes, fresh fruits, vegetables and olive oil, moderate to high consumption of fish, moderate consumption of dairy products, and low consumption of red meat products, has been accepted as one of the healthiest dietary patterns in the world [10]. Establishing healthy nutritional behaviors is also important during adolescence, as healthy nutrition practices started in this period normally persist in adulthood [11]. Among the different dietary patterns that can be found, the MD is accepted as one of the healthiest dietary models [12], showing a high effectiveness and protection against mortality and morbidity in subjects with a high level of adherence [13,14,15,16]. The studies centered on how the influence of this dietary pattern in children and adolescents has increased in the last few years. In general, it has been shown that adherence to the MD is associated with a reduction of different factors associated with obesity, in addition to high levels of quality of life and better physical and mental health [10,17]. Also, a recent systematic review of the MD adherence in children and adolescents concluded that most of the existing studies showed a direct association between adherence to the MD and physical and inverse activity with sedentary behavior; while results for gender, age, socioeconomic status, and weight were inconsistent [18].



There is increasing evidence that health-related behaviors are grouped [19]. For instance, combining healthy eating habits and regular physical activity is effective in maintaining and improving health, as well as better mental and physical well-being [4]. In the years of growing and development, a combination of regular physical exercise and a healthy diet should be opted for to increase the probability of acquiring a healthy pattern of constant physical maturing [20,21]. Childhood and adolescence are key stages in acquiring the previously mentioned habits, affecting adulthood [22]. Despite the aforementioned benefits, contemporary literature presents patterns of physical activity and diet that are far from healthy standards, being worse in the transition from childhood to adolescence [23]. These data contribute substantially to global mortality, disability and morbidity and increase the prevalence of overweight and obesity in children and adolescents [24,25]. This has been attributed to a great extent to a nutritional transition and the changes of lifestyle characterized by alterations in the supply and intake of foods and the reduction of free time and workplace physical activity [26]. Thus, in this way, physical activity and diet are seen as key elements in the prevention and control of obesity [27,28].



Health-related risks and their evaluation and supervision in these age stages are fundamental for the assigning of resources and the planning of health services and preventative interventions [29], enabling the identification of groups of population and regional areas where the need may be greater [30]. Furthermore, this age stage is fundamental due to the establishment of life habits and to the great number of physical and psychological changes in which they are developed [31,32]. The aim of this study is to examine the physical fitness related with health and adherence to the MD of adolescents in the city of Seville (Spain).




2. Materials and Methods


2.1. Study and Sample Design


This is a is cross-sectional study that included 13- to 16-years-old students from public and associated centers in Seville, Spain. For the selection of the sample, a confidence interval of 95% with a 10% margin of error was estimated, which was carried out by convenience sampling. A total of 991 participants (491 boys and 500 girls) were selected for this research. Finally, 917 teenagers (458 boys (49.9%), Mage = 14.82, standard deviation (SD) = 1.11 and 459 girls (50.1%), Mage = 14.83, SD = 1.09) took part in it, which meant a participation rate of 92.53%.



The participants were selected from five schools in the city of Seville: Safa Blanca Paloma (6.8%), La Salle Felipe Benito (18.2%), Salesianos de la Trinidad (20%), Salesianas de Nervión (16.5%) and IES Isbilya (38.6%). The inclusion criteria established for the present research were: participants (boys and girls) aged 13- to 16-years-old; having given informed consent signed by their parents/tutors. Related to their health status, the participants in this research took part regularly in physical education classes without any type of inconvenience. They did not have any kind of cognitive or physical/motor limitation. The Website of Biomedical Research Ethics of Andalusia approved this study (Ref.: 0310-N-17). This guaranteed that all the actions related with this investigation that involved human beings were performed securely. The participants were asked for an oral confirmation to participate and were also informed about their voluntary participation and the possibility of dropping out of the research at any moment.




2.2. Instruments


2.2.1. Questionnaire of Adherence to the Mediterranean Diet (KIDMED)


Adherence to the Mediterranean Diet Questionnaire (KIDMED): the KIDMED questionnaire was used to assess the adherence to the MD in adolescents (http://www. aulamedica.es/nh/pdf/9828.pdf). The questionnaire (previously validated), made up by 16 questions, 12 of them suppose a positive score in relation to the adherence to the MD and, and the other 4 suppose a negative score. Positive answers to the questions that involve greater adherence to the diet are worth +1 point. Positive answers to the questions that suppose fewer adherences to the diet are worth −1 point. Negative answers do not score (a value of 0 was recorded) [33]. KIDMED index is the result of the sum of the scores and goes from 0 to 12 (minimum to maximum adherence). Adherence to MD can be classified into three categories: Low adherence: very low-quality diet (0 to 3 points); Medium adherence: improvement of the dietary pattern is needed (4 to 7 points); and High adherence: optimal MD (8 to 12 points) [34].




2.2.2. Alpha Fitness Battery Test


Alpha-Fitness Battery Test: physical fitness and anthropometric variables were assessed by means of a modified version of the extended ALPHA-Fitness Battery (Ref: 2006120). For measures of physical fitness and body composition parameters, the protocol marked on the ALPHA-Fitness Battery was followed at all times [35] and, as part of a larger research project, all the instruments employed and procedures performed used can be found at Galan-Lopez et al. (2018) [36]. Skin folds were neglected due to time restrictions, body fat percentage (BF%) was measured by bioelectrical impedance (Tanita Inner Scan BF-689, Tanita, Tokyo, Japan) validated by the Food and Drugs administration (FDA, EEUU). Additionally, the 4 × 10 m speed-agility test was employed in order to obtain more data about physical fitness; cardiovascular endurance was evaluated via the 20 m shuttle test [37,38]. The maximum force of the higher extremities was obtained via the force of manual grip, using a hand dynamometer with an adjustable fit (TKK 5401 Grip D, Takey, Tokyo, Japan).





2.3. Methodology


The ALPHA-Fitness Battery Test and the KIDMED questionnaire were completed by all the subjects during their physical education classes. The test battery was organised as a circuit and the different tests were performed successively. The cardiovascular endurance test was done 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.




2.4. Data Analysis


The data of the descriptive analysis have been presented as a mean (M) + standard deviation (SD). The Kolmogorov-Smirnoff test and Levene test was used to check the normality and homoscedasticity of the variables. To compare the differences between boys and girls a generalized linear model (GLM) multivariate with age as covariate (ANCOVA), and Student’s t-test for independent samples was used to compare the age inter-gender. In addition, GLM univariate analysis (two factors) was performed to compare the MD adherence differences by gender and age. In addition, to compare the adherence level to MD (low, medium or high) both in the boys and in the girls concerning the distinct variables of body composition and physical fitness, one-way ANOVA (with Bonferroni post hoc) was done. The statistical significance was set as p <0.05. Cohen’s d was calculated to assess the Effect Size of differences. All the statistical analyses were done with the IBM SPSS statistics (version 23.0).





3. Results


Table 1 notes the values of the variables age, body composition, physical condition and KIDMED index of all the sample and differentiated by gender. In the analysis of the anthropometric variables we checked how, though the boys present statistically higher differences in the variables weight (+8.35%, p < 0.001, d = 0.326) and height (+2.48%, p < 0.001, d = 0.710), there were not statistically significant differences in the body mass index (BMI, p = 0.141). Moreover, the boys presented a lower body fat percentage (–9.06, p < 0.001, d = –1.078) but a significantly higher waist perimeter (+6.7%, p < 0.001, d = 0.471). As to the variables which make up the physical fitness, we checked that the boys had a significantly higher performance in each of the tests of the battery (p < 0.001). The adherence level for the whole sample (KIDMED index) is classified as medium (5.83 ± 2.32). Furthermore, we observed how there were no differences in the KIDMED index when making a comparison between genders (see Table 1).



Statistically significant differences were found between the boys and the girls in the alpha fitness index (p < 0.001) (see Table 1). When analyzing the proportion of the boys and the girls in each category of the Alpha Fitness battery test, 57.9% of the population was classified as Low level, followed by average with 28%, Very low (12.3%) and High (1.7%). Regarding the boys, 60.9% are in the low level, 24.7% in average, 13.1% very low and 1.3% in high. 86.3% of the girls are concentrated in low (54.9%) and average (31.4%) and the remaining 13.7% is divided into very low (11.5%) and high (2.2%).



When performing the descriptive analysis of adherence to the MD according to the age of the subjects, we observed that the adherence level decreases as the age of the participants in this research increases (p < 0.001), although in all cases they are at an average level of adherence to the MD according to the KIDMED index. The univariate GLM analysis did not show any statistically significant differences between boys and girls concerning adherence (F = 1.769; P = 0.184). In addition, as shown in Table 2, when making pair comparisons for all ages for both sexes, there were no differences between the sexes either. On the other hand, the differences in adherence to the MD are interesting with respect to age, since there were differences between the youngest and the oldest participants when referring to the entire sample, and there were differences between age and adherence in girls, but they were not statistically significant (see Table 2).



Figure 1 shows the relationship between the different levels of adherence to the MD (low, medium and high) and the different levels established by Ortega et al. (2011) for tests of the physical condition of the Alpha Fitness battery (very low, low, average, high and very high) for the whole sample [39]. When comparing the classification of the average levels of the participants with a low adherence to the MD with the levels established by Ortega et al. (2011) [39], these were very low in handgrip, and low in jump, speed/agility and endurance; while those who followed a medium or high adherence were very low in handgrip, low in jumps and speed/agility (4 × 10), and medium in endurance. Although, there was a slight improvement in the data obtained in the physical fitness tests for the medium and high adherence to the MD group with respect to the low adherence group, there were no significant data except for the resistance test, in which adherence to the MD was shown to be a determinant (see Figure 1).



When carrying out a stratification based on the degree of adherence to the MD in the sample, the percentage of subjects who presented a low adherence was 16.79%, while 57.37% had an average level of adherence and 25.84% a high level of adherence. When comparing the values of the variables of body composition according to the degree of adherence to the MD, a statistically significant difference was detected in height in the girls. In the case of the boys, significant differences were not observed, except in their age. As to the tests which make up the physical fitness, it was found that both the boys and the girls showed a better performance in the test of endurance, when the subjects had a medium or high adherence with respect to low (p < 0.05). In the rest of the tests established to measure physical condition according to the Alpha Fitness battery, there was no difference according to the level of adherence to the MD by sex (see Table 3).




4. Discussion


The current research is the first to analyze and describe the health-related physical fitness and adherence to the MD of Sevillian adolescents in the same research work.



Once the participants’ body composition was analyzed, significant differences between genders were found. Differences in height, weight, fat percentage and waist circumference were obtained (see Table 1). These results are similar to those obtained in various studies done with a teenage population in which the women’s population presented a greater adiposity while the men’s population obtained higher values in weight, height and waist perimeter [36,40,41,42,43]. It is important to clarify that, in spite of significant differences existing in the aforementioned variables, participants of both sexes had medium BMI values, body fat percentage and waist perimeter. Furthermore, when relativizing the mean data of both genders at the different levels of body composition established by Moreno et al. (2006, 2007), the average BMI values, waist circumference (cm) and body fat percentage are classified as medium in each of the parameters [44,45].



Similarities were found when comparing the weight of all the population analyzed with the reference values contributed by Ortega et al. (2011) in which the weight, height and BMI in teenagers were transversally valued [39]. In contrast with what Wärnberg et al. (2006) obtained, there is no prevalence of obesity in the students, given that their values of body fat, BMI and waist circumference are considered normal [46]. The data found also vary from those obtained by Grosso et al. (2013), where nearly half of participants were overweight or obese with a mean BMI of 21.8 ± 3.1 [47].



Referring to the performance in the physical fitness tests, the results of this research present significant differences in the variables of manual dynamometry, long jump, 4 × 10m and endurance (see Table 1), as the boys got better results than the girls in each physical test (p < 0.01). These results are similar to those of other studies carried out [36,38,48,49,50]. This may be related to the results obtained in cross-sectional studies with European adolescents, where male adolescents were more active than girls [51], and this may result, somehow, in a better physical fitness.



As mentioned previously, dietary patterns related to the MD have been considered as the healthiest, with numerous benefits, such as better mental and physical fitness status, among others [52,53,54,55]. The results found in the KIDMED questionnaire (poor 16.8%, medium 57.4% and high adherence 25.8%) are higher than those of similar studies carried out in Mediterranean countries [51,56,57]. Furthermore, and similar to the data reported by Grosso et al. (2013), no significant differences were found in adherence to the MD according to gender. Studies with a similar methodology but undertaken in non-Mediterranean countries present different results. Novak et al. (2017) reported worse final results in adolescents from Lithuania and Serbia, with a poor (39%), medium (47.7%) and high (13.3%) adherence to the MD, while Galan-Lopez (2018) found similar results (poor 14.99%, medium 60.72% and high 24.29% adherence to the MD) in Icelandic teenagers [36].



In general, the results obtained are similar to those of other studies conducted in southern European countries, in which the sample analyzed shows medium adherence to the MD [51,58,59]. Furthermore, the results of the KIDMED index agree with the results obtained in other studies of non-Mediterranean countries [36,55]. This research shows the need to reinforce the adherence to the MD in adolescents, since, as the subjects’ age increases, their adherence level decreases (see Table 2).



In contrast to the results of Ozen et al. (2015) [60], who obtained significant differences with respect to low and high adherence in the subjects analyzed, with a clear tendency to abandon the MD, our results show a clear tendency to maintain or increase the patterns related to this type of diet, since 83.2% of the participant population show medium or high adherence. In addition, as shown in Table 2, age was a determining factor in adherence to the MD in the total sample, being higher in younger ages. When only girls are considered, there were not any statistically significant differences when comparing different age groups (13- to 16-years-old) in pairwise comparisons. These results could be explained due to the combination of different factors, such as the stigmatization of obesity, the ideal of thinness and exaltation of the body, the evolution of gender stereotypes, and the aggressiveness of marketing mainly in women [61], although more studies would be needed to support this theory.



Recent publications directly relate the weight and the BMI with the adherence to the MD [55,62]. These data are different to those obtained, as, unlike the results found, the subjects present a similar adherence irrespective of a lesser or greater BMI and/or fat mass percentage. With respect to the relationship between waist circumference with adherence to the MD, Bacopoulou et al. (2017), conducted research with more than 1600 subjects of similar ages to those of the present study. They determined that an increase in adherence to the MD was associated with a decrease in waist perimeter, which indicates a potential school intervention to fight against abdominal obesity in adolescents. These data do not coincide with those found in the present study because, as occurs with the BMI and the fat mass percentage, the waist perimeter is not related with a lesser or greater adherence to the MD. When categorizing the medium levels with the classification established by Moreno et al. (2006, 2007), the subjects of both genders with distinct levels of adherence to the MD presented a medium level in the percentage variables of body fat and waist perimeter. On the contrary, when comparing the regulatory levels of the medium levels of these variables with the categorization established by Moreno et al. (2006, 2007), both genders present medium values in waist perimeter and the body fat percentage [39,40].



This research presents a novelty, as it compares the results of the tests related with physical fitness for health and the level of adherence to the MD of the participants, looking for possible associations (see Table 3). The same as the study carried out by Galán-López et al. (2018), it is confirmed that the participants with the highest performance in the physical condition tests (especially in cardiorespiratory endurance) are those with the greatest adherence to the MD (see Table 3). According to Lloyd and Oliver (2012), the greater development of cardiorespiratory fitness in relation with the rest of the components of physical fitness in children and adolescents maybe since it is the physical quality that is most worked in sport in school-age [63].



It is worth highlighting the significant differences observed in the performance of the endurance test in those boys and girls with low adherence to the MD with respect to those with a high adherence. These results are similar to those found by Galán-López et al. (2018), with the exception of the 4 × 10 m test, which has significant differences in the boys. These results concord with the conclusions of recent research works. The first of them positively related a high performance in the endurance test with a high adherence to the MD [55]. The second study not only demonstrated the relationship between high adherence to the MD and high levels of health-related physical fitness, but the subjects also showed optimal levels of health-related quality of life [52]. The importance of the level of physical fitness cannot be ignored and, therefore, nor can its evaluation, since it is directly linked to the health-related quality of life and inversely to early mortality. [64]. When categorizing the average levels of both genders at the distinct levels of physical condition established by Ortega et al. (2011) by the different levels of adherence to the MD [41], while the average value of the boys and the girls is established as a low value, the girls have a medium value except in endurance.



The disparity of the results according to gender can be explained by the different moments and levels of evolutive development. These can determine a greater performance by the boys in the physical fitness tests [65,66].



Observing Table 2, we also find notable differences by gender in all the physical fitness tests done, regardless of their adherence to the MD. However, as girls experience an earlier development than boys, this determines the capacity of developing higher levels of strength, speed and endurance [63], although these levels could also be due to girls being more sedentary and having higher physical inactivity with respect to boys.



It is of great importance to address young people through educational interventions. This should be the basis that empowers people to make healthy decisions in their daily lives. The acquisition of knowledge and motivation through education, along with environmental support, will allow people to change unhealthy lifestyle habits [67].



This study’s cross-sectional design has limitations, as the contributions must not be attributed to plausible causes. These could be used as indications for coming research works. In addition, the data collection using the KIDMED questionnaire was self-reported, which could lead to an error in the reports and to memory bias due to the nature of the study.




5. Conclusions


The participants in this research showed a medium/low level of physical fitness level, with the girls obtaining slightly lower results than their male counterparts. Their adherence to the MD was classified as medium/high as 57% of them are at a medium level and 26% at a high level. The adherence levels (low, medium and high) showed a similar prevalence to those obtained by diverse studies undertaken in Spain and other Mediterranean countries with adolescent populations. Additionally, it appeared that age was a determining factor in adherence to the MD in the total sample, being lower as the age of the sample increases. This only applied to the male subjects when discriminating by sex. On the other hand, body composition was not affected by the level of adherence to the MD. As for the physical fitness test and compliance with the MD, there were significant differences in strength test results for those with high adherence versus those with low adherence and in resistance for those with a medium and high adherence to the MD versus those with a low adherence.



As determinants of a good lifestyle, establishing the combination of a medium or high MD adherence with good physical fitness will result in a better health-related quality of life in adolescents. At the same time, more prospective cohort and intervention studies can elucidate better the relations between adherence to the MD and the results of health and behavior (physical condition). We call for the development of public health programs, campaigns of awareness and the creation of environments of practicing physical activity and healthy diets, as together they lead to an improvement of health better than when separated, hence the current importance of interdisciplinary interventions.
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Figure 1. Alpha Fitness physical variables results based on the average levels established by Ortega et al. (2011) according to the different levels of adherence to the MD [39]. Note: Alpha Fitness Levels: 1 (very low), 2 (low), 3 (average), 4 (high), 5 (very high). a statistically significant difference between high adherence with respect to low, b statistically significant differences between medium and high adherence with respect to low. 
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Table 1. Anthropometric characteristics, physical fitness variables (Alpha Fitness Battery) and Mediterranean Diet Adherence (KIDMED). Inter-gender comparisons (M ± SD).






Table 1. Anthropometric characteristics, physical fitness variables (Alpha Fitness Battery) and Mediterranean Diet Adherence (KIDMED). Inter-gender comparisons (M ± SD).





	

	
Variables

	
Total

(n = 917)

	
Boys

(n = 458)

	
Girls

(n = 459)

	
Inter-Gender *

	
Effect Size **




	
F test

	
p value

	
d Cohen






	
Anthropometric

	
Weight (kg)

	
56.75 ± 13.48

	
59.00 ± 14.69

	
54.49 ± 11.73

	
27.52

	
<0.001

	
0.326




	
Height (m)

	
1.67 ± 0.10

	
1.65 ± 0.11

	
1.61 ± 0.49

	
155.4

	
<0.001

	
0.710




	
BMI (kg/m2)

	
21.67 ± 4.53

	
21.45 ± 4.16

	
21.89 ± 4.86

	
1.063

	
0.303

	
−0.069




	
% Fat

	
22.36 ± 8.49

	
17.82 ± 7.76

	
26.88 ± 6.55

	
375.2

	
<0.001

	
−1.078




	
Waist (cm)

	
72.01 ± 10.16

	
74.34 ± 10.84

	
69.68 ± 8.84

	
54,63

	
<0.001

	
0.471




	
Fitness

	
Handgrip (kg)

	
24.34 ± 6.50

	
27.07 ± 7.23

	
21.62 ± 4.19

	
234.5

	
<0.001

	
0.836




	
Jump (cm)

	
149.24 ± 33.18

	
166.28 ± 31.96

	
132.02 ± 24.56

	
340.2

	
<0.001

	
1.026




	
4 × 10 m (s)

	
12.55 ± 1.50

	
11.92 ± 1.39

	
13.19 ± 1.34

	
219.1

	
<0.001

	
−0.849




	
Endurance (CRF)

	
5.15 ± 2.16

	
6.09 ± 2.37

	
4.22 ± 1.40

	
215.2

	
<0.001

	
0.867




	
Alpha Index

	
2.64 ± 0.56

	
2.58 ± 0.58

	
2.70 ± 0.60

	
8.531

	
0.004

	
0.203




	

	
KIDMED Index

	
5.83 ± 2.32

	
5.93 ± 2.31

	
5.73 ± 2.33

	
1.721

	
0.190

	
0.098




	

	
Age (years)

	
14.83 ± 1.10

	
14.83 ± 1.11

	
14.83 ± 1.10

	

	
0.883

	
−0.009








M ± SD: Mean ± Standard Deviation; BMI: Body Mass Index; Waist: Waist Circumference; CRF: Cardiorespiratory Fitness; * p value: GLM (Age as covariate) with Bonferroni adjust. Student t-test to compare Age inter-gender. ** d Cohen: Effect Size (0.2 = Small, 0.5 Medium and 0.8 Large).
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