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Abstract

:

The relationship between adherence to the Mediterranean Diet (MD) and both physical fitness (PF) and physical activity (PA) level has been analysed in several studies. The aim of this research was to describe, compare and analyse the level of PF and PA in schoolchildren aged 6–13 in the Region of Murcia, according to adherence to the MD. A descriptive and cross-sectional study was performed. A total of 370 schoolchildren (44.9% girls) aged 6–13 (8.7 ± 1.8) from six primary schools in the Region of Murcia (Spain). Mediterranean Diet Quality Index for children and teenagers (KIDMED) was used to determinate the adherence to the MD. The ALPHA-FIT Test Battery was applied for assess body composition and PF. PA level was determined using Physical Activity Questionnaire for Older Children (PAQ-C). Only 25.9% of the schoolchildren had optimal adherence to the MD. Regarding the scores of the different PF tests in MD groups, only statistically significant differences were found for cardiorespiratory fitness (CRF) (p = 0.048) in boys. PA level showed statistically significant differences in both boys (p = 0.040) and girls (p = 0.016). A positive relationship was found between the KIDMED and PA level (p = 0.235). A higher probability of having a greater CRF (OR = 1.17; CI = 1.02–1.34) and PA level (OR = 7.84; CI = 2.84–21.60) was found in high MD group. These results suggest that an optimal adherence to the MD is associated with higher CRF and PA level in the selected schoolchildren.
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1. Introduction


Health-related physical fitness (PF) is defined as a set of attributes that people have or achieve related to the ability to engage in physical activity (PA) [1]. The components of PF shown to be directly related to improve health are cardiorespiratory fitness (CRF), flexibility, muscular fitness (i.e., this definition incorporates the domains of muscular strength, muscular power and local muscular endurance) and body composition [2]. Likewise, the association between PF and some metabolic risk factors in children, adolescents, and adults has been well described in previous researches [3,4]. Therefore, the development of PF and an adequate PA level are essential resources for maintaining vital functions; acting as a powerful predictor of morbidity and mortality throughout life [5,6].



There are several factors that influence the PF, such as genetics [7], biological characteristics [8] and lifestyle [9]. Thus, regarding lifestyle, inadequate eating habits are also important with respect to the onset and progression of metabolic disorders, playing an important role in the development and progression of cardiovascular diseases [10], and causing more deaths than other factors traditionally considered as smoking [11].



In terms of eating habits, Mediterranean Diet (MD) is postulated as one of the healthiest eating patterns that exist [12] due to its particular characteristics, such as high consumption of food of vegetable origin, olive oil, a certain quantity of dairy products, as well as an active lifestyle [13]. However, adherence to MD in the Mediterranean region has worsened over the years, especially among the children [14]. This could lead to a decline in their health, as well as an increased risk of cardiovascular disease, metabolic syndrome, overweight or obesity [15,16].



Childhood and adolescence are key stages in the acquisition of lifestyles, since a physically active life, in which people can acquire an adequate level of PF, and healthy eating habits, are important determinants of present and future health [5,17]. For this reason, the relationship between adherence to the MD and different parameters of PF has been analysed in several studies [18,19,20,21,22], as well as with PA level [18,19,22]. Thus, some studies point out that a combination of high levels of muscle strength and an optimal adherence to MD are associated with healthier metabolic profile [20,21], as well as to a better health-related quality of life [23]. In addition to this, a positive association has been found between adherence to the MD and CRF [18,19,23,24], as well as speed-agility [25], but only in males. Likewise, some studies found positive associations between higher PA level (assessed by the Physical Activity Questionnaire for Older Children (PAQ-C) and greater adherence to the MD [18,19,22]. This fact could be explained by lifestyle factors, which could interact with each other in a synergistic way to influence PA level [25,26].



Notwithstanding, some of the positive associations cited above were found in studies developed outside the Mediterranean region like South America [19,20,21], where the type of food could vary with those found in the Mediterranean region [27]. Moreover, the differences among continents on food environment, defined as all aspects of the local environment that influence diet (i.e., community, organizational and consumer food environment), could have influence on the eating patterns [28]. Thus, the Region of Murcia is located in the south of Spain, where several studies have been carried out [22,29]. However, most of these studies have focused on adolescents and only few of them have been conducted on primary schoolchildren. Thus, we found a gap in the scientific literature regarding the evaluation of the associations among MD, PF and PA at this age stage. In addition, the report card on PA indicators from the Global Matrix 3.0 reported insufficient information about PF in children (and adolescents) in Spain [30], therefore there is a need of information about this indicator due to it decreasing trend [31].



Based on the evidence and the lack of information in different regions of Spain, the aim of this research was to describe, compare and analyse the level of PF and PA in schoolchildren aged 6 to 13 in the Region of Murcia, according to adherence to the MD.




2. Materials and Methods


2.1. Design and Participants


A descriptive and cross-sectional study was performed. A total of 370 schoolchildren (204 boys and 166 girls) aged 6–13 (8.7 ± 1.8) from six primary schools in the Region of Murcia (Spain) with similar sociodemographic characteristics participated in the study. For this purpose, the sample was selected using a nonprobability sampling. However, although we used this type of sampling, all schoolchildren from the selected schools were invited to participate.



For participation in the study, we included all children whose parents/legal guardians authorised the inclusion of their children or guardians. These parents and their children were previously informed about the purpose of the study and the nature of the tests that would be performed, through an informative document. As an exclusion criterion, we did not include those who were exempt from participation in Physical Education. Both the PF tests and the completion of the questionnaires were carried out by the schoolchildren during the physical education sessions.



This research was conducted in accordance with the Helsinki Declaration and with full respect for the human rights of the study participants and was approved by the Bioethics Committee of the University of Murcia (ID 2218/2018).




2.2. Procedures


2.2.1. Adherence to the Mediterranean Diet (MD)


Mediterranean Diet Quality Index for Children and Teenagers (KIDMED Index)


In order to determine the adherence to the MD, the KIDMED index was used [32]. This is a test widely used in Spanish children and teenagers [18,29], which was created and validated by Serra-Majem et al. [33]. The index varies from 0 to 12 and is based on a 16-question test. Questions that present negative aspects in relation to the MD are scored with a value of −1, and those with positive aspects with +1. The sum of all values from the administered test is categorised into three different levels: (1) >8, optimal MD; (2) 4–7, improvement needed to adjust intake to Mediterranean patterns; (3) ≤3, very low diet quality [32].





2.2.2. ALPHA-FIT Test Battery


PF tests included in the ALPHA-FIT Test Battery for children and adolescents [34] were used to assess the components that are described as follows.



Anthropometric Measurements


The height of the participants was determined using a portable height rod with an accuracy of 0.1 cm (Leicester Tanita HR 001, Tokyo, Japan). The body weight of the subjects was measured using an electronic scale (with an accuracy of 0.1 kg) (Tanita BC-545, Tokyo, Japan). The body mass index (BMI) was calculated from the ratio between body weight (kg) and the height squared of the participants (m2). Moreover, BMI z-score was determined using the World Health Organization (WHO) age-specific and sex-specific thresholds [35]. Waist circumference was measured to the nearest 0.1 cm at the level of the umbilicus, using a constant tension tape. Skinfold measurements to the nearest 0.2 mm were taken with calibrated steel callipers (Holtain, Crosswell, Crymych, UK) at the triceps, biceps, subscapular and iliac crest. These procedures were taken in accordance with the recommendations of the International Society for the Advancement of Kinanthropometry (ISAK). The log of the sum of skinfolds was used to calculate body density [36]. The Siri formula was used to calculate body fat from body density [37] and fat-free mass was estimated as the difference between total body mass and fat mass.




Cardiorespiratory Fitness (CRF)


The maximum volume of oxygen consumed was estimated by performing a maximum incremental field test (20 m Shuttle Run Test). Participants were tested to run between two lines 20 m apart while keeping a pace with the acoustic signals from a speakerphone audio player with Bluetooth technology. The initial speed was 8.50 km/h and was increased by 0.5 km/h every minute, reaching 18.0 km/h in the 20th minute. Participants were instructed to run in a straight line to pivot on completing the itinerary between the 2 lines and to follow the pace set by the audio signals. Subjects were encouraged to continue running if they were able to during the course of the test. The test ended when the participant failed to reach the end of the lines concurrent with the audio signals on 2 consecutive occasions. Otherwise, the test ended when the subject stopped because of fatigue. These stages were transformed to relative values of maximum oxygen consumption using Léger’s et al. [38] equations.




Muscular Fitness


Upper body muscular strength was evaluated by means of handgrip strength using a hand dynamometer with adjustable grip (TKK 5401 Grip D; Takei, Tokyo, Japan). Children were given a short demonstration and verbal order for the test and the dynamometer was regulated according to the child’s hand size as recommended previously [39]. The test was done in the standing position with the wrist in the neutral position and the elbow extended; children were given verbal support to “squeeze as hard as possible” and apply maximal strength for at least two seconds. Two attempts per hand were performed, and the best score was used. The average of the best scores achieved by each hand was used in the analysis [34]. Moreover, normalized handgrip strength was calculated as the average of the left and right and then expressed per kilogram of body weight [34].



Besides, lower body muscular strength was calculated by means of the standing broad jump. The participant stood behind the starting line, with feet together, and pushed off vigorously and jumped forward as far as possible. The distance was measured from the take-off line to the position where the back of the heel nearest to the take-off line lands on the floor. The test was done twice, and the best score was preserved (in cm) [34].




Motor Fitness


Speed-agility was measured by the 4 × 10 m Shuttle Run Test. Two lines, at a distance of 10 m, and two cones drawn were placed at the distant line. The participants ran as fast as possible from the starting line. Every time the participant crossed any of the lines, they picked up (the first time) or exchanged (second and third time) a sponge, which was previously placed behind the lines. The test was finished when the participant crossed the end line with one foot. Two attempts were performed, and the best score was retained (in seconds) [34].





2.2.3. Physical Activity


Physical Activity Questionnaire for Older Children (PAQ-C)


Participants completed the PAQ-C to provide an estimate of the moderate-to-vigorous physical activity they engaged in. PAQ-C is a seven-day recall composed of nine items about the frequency of physical activities at school, at home, and during leisure time [40]. It contains nine items thatare rated on a five-point scale and has been validated and adapted to Spanish [41]. PAQ-C was validated for children aged 8–14. For this reason, in the case of children aged 6–7, the indications of Bervoets et al. [42] were followed, as it recommended that parents should be encouraged to support their children with reading and to complete the questions, provided that they did not give any guidance in answering the questions.






2.3. Statistical Analysis


Means (M) and standard deviation (SD) are reported for all quantitative variables, and frequencies and percentages (%) are presented for all qualitative variables. Data normality was verified by a Kolmogorov–Smirnov test with Lilliefors correction, as well as the homogeneity of variances by a Levene test.



Subsequently, the data were analysed using Student’s t-test or Mann–Whitney U test for two-groups comparisons, and Kruskal–Wallis H test or one-way ANOVA for three group comparisons, depending on the compliance with the normality assumption. When differences between groups were observed, the post-hoc test were performed by Mann–Whitney U test with Bonferroni correction to account for the inflation of type-I error due to multiple comparisons made. Effect size was calculated by Cohen’s d (0.20, small; 0.50, medium; and 0.8, large effect). Associations between qualitative variables were determined using Pearson’s chi-square test. In addition, multinomial logistic regression was carried out in order to predict the probability of obtaining different results depending on the MD adherence category.



The relationships between quantitative variables were also determined using Spearman’s rho (p). Data analysis was performed using the software SPSS (IBM Corp, Armonk, NY, USA) for Windows (version 24.0), as well as Microsoft Excel 2016 (Microsoft Corp, Redmond, WA, USA). A p-value ≤ 0.050 denoted statistical significance.





3. Results


Frequencies and percentages of adherence to the MD are shown in Figure 1. No statistically significant differences were found by sex, showing a similar pattern between boys and girls. Overall, 8.9% of the schoolchildren had very low diet quality (n = 33), while 65.1% needed improvement to adjust intake to Mediterranean patterns (n = 241). Furthermore, only 25.9% of the schoolchildren had optimal adherence to the MD (n = 96).



Data on age, anthropometric characteristics, test of PF, KIDMED index score and PA level of the sample according to adherence to the MD are shown in Table 1. Regarding the scores of the different PF tests in these three groups, the only statistically significant differences were found for CRF (p = 0.048; d = 0.29) in boys. Subsequently, post-hoc comparisons tests only showed these differences between Low MD and High MD. In the case of PA level, high MD group showed higher scores in PAQ-C, in both sexes. Apart from that, statistically significant differences were observed in both boys (p = 0.040; d = 0.30) and girls (p = 0.016; d = 0.40). However, post-hoc comparisons tests only showed significant differences between low MD and both moderate and high MD in boys; being between moderate MD and high MD for girls.



Table 2 shows the different correlations observed according to the KIDMED index score and the different variables as age, BMI, PF and PA. A positive statistically significant correlation was found between the KIDMED index score and PA level (p = 0.235). Notwithstanding, all these correlations were low.



Finally, Table 3 indicates the probability of obtaining different results in the continuous variables of the study according to the category of adherence to the MD. Thus, it is observed a higher probability of having a greater CRF (OR = 1.17; CI = 1.02–1.34) and PA level (OR = 7.84; CI = 2.84–21.60), when schoolchildren are classified as High MD.




4. Discussion


This research attempted to describe, compare and analyse the level of PF and PA in schoolchildren aged 6–13 in the Region of Murcia, according to sex and adherence to the MD. The main results of this study suggest that optimal adherence to the MD seems to be associated to a greater CRF, especially among boys. It was also associated with a higher level of PA for both boys and girls. Similarly, participants classified as High MD were more likely to express higher CRF, as well as a higher level of PA, when they were compared to participants with classified as Low and Moderate MD.



MD has justified its efficacy in the primary and secondary prevention of cardiovascular diseases, with the highest level of scientific evidence [43]. In addition to this, it has recently been demonstrated that better adherence to the MD is associated with a better lipid profile and adiposity measures and, in the case of women, with the reduction of some cardiovascular risk factors [44]. In spite of these enormous health benefits, among the participants of the current study, it is observed that only one out of four presents an optimal adherence to the MD. This low prevalence coincides with the data reported by other authors [26], and it is possible to glimpse the trend indicated in the scientific literature towards leaving of the Mediterranean pattern [18,19].



In relation to sex, no differences between boys and girls were found, as it has been reported in other studies [22,45]. In contrast, with regards to the PF test, as occurred in a large number of studies, boys scored higher than girls; as well as for the case of PA level. This disparity in results according to sex may be related to the different moments and levels of evolutionary development, since these may determine a greater performance of the males in the PF tests [46].



Regarding anthropometric measurements, no statistically differences were found based on BMI, WC or BF in both boys and girls. This fact agrees with a recent systematic review conducted by Iaccarino et al. [26], which indicated that most studies performed found no statistically significant differences for weight status, abdominal obesity and adiposity in relation to MD adherence. However, it should be underlined that exploring the relationship between MD and overweight/obesity is complicated, since KIDMED index does not include the frequency of consumption of certain foods, as well as the estimated nutritional intakes derived from this [47].



In order to increase primary prevention of cardiovascular risk, apart from the relevance of consuming foods characteristic of the MD, it must not be forgotten that adherence to this pattern also leads to an active lifestyle [13]. In this line, we found a positive relationship between adherence to MD and PA. This fact is in line with the findings of Shi et al. [48], who found that those children who take healthy meals are more likely to be physically active and less likely to be sedentary when compared with their counterparts who consume less healthy meals; concluding that having healthy eating habits is an indicator for adopting a more active lifestyle. This relationship has been studied in Mediterranean children [49] and different determinants, such as mother’s education or screen time could influence the existing relationship. In addition, other consequences of having low level of PA where observed in children with lower adherence to MD such as higher frequency of sedentary behaviours, increased blood pressure or higher BMI. Respect to the explanation for this relationship, previous studies principally carried out in adolescents, consider that individuals that practice more PA could want a better performance and they choose better food to achieve it [50] or the fact that more PA requires more energy expenditure and individuals reporting more PA would have higher intakes of essential nutrients [51].



On the other hand, we observed that a greater adherence to the MD is associated with a greater CRF, as also demonstrated other studies [18,23,24]. This fact could be explained to some degree by the above-mentioned relationship with PA, since a higher participation in PA (as a result of active lifestyle) could increase PF level [52]. Likewise, recent studies have showed an association between muscle strength and optimal adherence to the MD [19,20,21]. Thus, the combination of an optimal adherence to MD, followed by appropriate levels of muscular fitness, seems to provide the highest protection against cardiometabolic risk [21]. Apart from that, it has been found that optimal adherence to the MD could not be enough to prevent some deleterious health effects if adequate levels of muscle strength are not available [24]. These relationships have also been found in the current sample, although it was not statistically significant. Notwithstanding, contrary to the studies mentioned above, no data on different biochemical parameters (glucose, cholesterol, etc.) were analysed in our study.



This study presented certain limitations that must be explained. First, due to the cross-sectional design of the present study, it is not be able to conclude that the observed relationships reflect causal relationships. Secondly, although the KIDMED index is the instrument most commonly used to determine the adherence to the MD, it may have been interesting to obtain information on the frequency of consumption of certain foods characteristic of the Mediterranean pattern. On the other hand, although we used validated PA questionnaires, we did not use accelerometer devices, which would have provided a more accurate assessment of PA level and sedentary behaviour. Finally, the fact of not having considered the state of development of the participants could have introduced a confusing effect.




5. Conclusions


These results suggest that an optimal adherence to the MD is associated with higher CRF and PA level in schoolchildren aged 6–13 years in the Region of Murcia (Spain) who participated in the present study. Moreover, it was found that only 25.9% of schoolchildren that took part in the study presented an optimal adherence to MD. Authors point out that awareness-raising campaigns are also needed to warn of the adverse health effects of inappropriate eating habits and low levels of PF. At the same time, more prospective cohort studies are required that could clarify better the relationships among adherence to the MD, PF and PA, as well as with other health-related parameters.







Author Contributions


J.F.L.-G. and J.L.Y.L. designed the study; J.F.L.-G. and J.B.-S. contributed to the analysis of the data and writing of the draft; J.F.L.-G. contributed to the analysis and interpretation of the data; J.B.-S., A.G.-H. and J.L.Y.L. contributed to the revision of the manuscript. All authors approved the final version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The authors would like to express their gratitude to the Universidad de Murcia and the Ayuntamiento de Archena for showing their confidence by supporting the data collection for this study. The authors would also like to kindly acknowledge the participation of all the students, parents/legal guardians, physical education teachers, schools and staff involved, and wish to thank them for the valuable information provided.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Pate, R.R. The Evolving Definition of Physical Fitness. Quest 1988, 40, 174–179. [Google Scholar] [CrossRef]

	



Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical activity, exercise, and physical fitness: Definitions and distinctions for health-related research. Public Health Rep. 1985, 100, 126–131. [Google Scholar] [PubMed]

	



García-Hermoso, A.; Ramírez-Campillo, R.; Izquierdo, M. Is Muscular Fitness Associated with Future Health Benefits in Children and Adolescents? A Systematic Review and Meta-Analysis of Longitudinal Studies. Sports Med. 2019, 49, 1079–1094. [Google Scholar] [CrossRef]

	



Mintjens, S.; Menting, M.D.; Daams, J.G.; van Poppel, M.N.M.; Roseboom, T.J.; Gemke, R.J.B.J. Cardiorespiratory Fitness in Childhood and Adolescence Affects Future Cardiovascular Risk Factors: A Systematic Review of Longitudinal Studies. Sports Med. 2018, 48, 2577–2605. [Google Scholar] [CrossRef] [PubMed]

	



Ruiz, J.R.; Castro-Piñero, J.; Artero, E.G.; Ortega, F.B.; Sjöström, M.; Suni, J.; Castillo, M.J. Predictive validity of health-related fitness in youth: A systematic review. Br. J. Sports Med. 2009, 43, 909–923. [Google Scholar] [CrossRef] [PubMed]

	



Lear, S.A.; Hu, W.; Rangarajan, S.; Gasevic, D.; Leong, D.; Iqbal, R.; Casanova, A.; Swaminathan, S.; Anjana, R.M.; Kumar, R.; et al. The effect of physical activity on mortality and cardiovascular disease in 130,000 people from 17 high-income, middle-income, and low-income countries: The PURE study. Lancet 2017, 390, 2643–2654. [Google Scholar] [CrossRef]

	



Teran-Garcia, M.; Rankinen, T.; Bouchard, C. Genes, exercise, growth, and the sedentary, obese child. J. Appl. Physiol. 2008, 105, 988–1001. [Google Scholar] [CrossRef]

	



Labayen, I.; Ruiz, J.R.; Ortega, F.B.; Loit, H.M.; Harro, J.; Veidebaum, T.; Sjostrom, M. Intergenerational Cardiovascular Disease Risk Factors Involve Both Maternal and Paternal BMI. Diabetes Care 2010, 33, 894–900. [Google Scholar] [CrossRef]

	



Cabanas-Sánchez, V.; Martínez-Gómez, D.; Izquierdo-Gómez, R.; Segura-Jiménez, V.; Castro-Piñero, J.; Veiga, O.L. Association between Clustering of Lifestyle Behaviors and Health-Related Physical Fitness in Youth: The UP&DOWN Study. J. Pediatr. 2018, 199, 41–48. [Google Scholar]

	



Mendis, S.; Puska, P.; Norrving, B. Global Atlas on Cardiovascular Disease Prevention and Control; World Heart Federation, World Stroke Organization: Geneva, Switzerland, 2011. [Google Scholar]

	



Gakidou, E.; Afshin, A.; Abajobir, A.A.; Abate, K.H.; Abbafati, C.; Abbas, K.M.; Abd-Allah, F.; Abdulle, A.M.; Abera, S.F.; Aboyans, V.; et al. Global, regional, and national comparative risk assessment of 84 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 1990–2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet 2017, 390, 1345–1422. [Google Scholar] [CrossRef]

	



Serra-Majem, L.; Ribas, L.; García, A.; Pérez-Rodrigo, C.; Aranceta, J. Nutrient adequacy and Mediterranean Diet in Spanish school children and adolescents. Eur. J. Clin. Nutr. 2003, 57, S35–S39. [Google Scholar] [CrossRef]

	



Sofi, F. Mediterranean diet and non-alcoholic fatty liver disease: New therapeutic option around the corner? World J. Gastroenterol. 2014, 20, 7339. [Google Scholar] [CrossRef] [PubMed]

	



García, S.; Herrera, N.; Rodríguez, C.; Nissensohn, M.; Román-Viñas, B.; Serra-Majem, L. KIDMED test; prevalence of low adherence to the mediterranean diet in children and young; a systematic review. Nutr. Hosp. 2015, 32, 2390–2399. [Google Scholar]

	



Serra-Majem, L.; Roman, B.; Estruch, R. Scientific evidence of interventions using the Mediterranean diet: A systematic review. Nutr. Rev. 2006, 64, S27–S47. [Google Scholar] [CrossRef] [PubMed]

	



Gotsis, E.; Anagnostis, P.; Mariolis, A.; Vlachou, A.; Katsiki, N.; Karagiannis, A. Health benefits of the Mediterranean Diet: An update of research over the last 5 years. Angiology 2015, 66, 304–318. [Google Scholar] [CrossRef] [PubMed]

	



Fraser, B.J.; Schmidt, M.D.; Huynh, Q.L.; Dwyer, T.; Venn, A.J.; Magnussen, C.G. Tracking of muscular strength and power from youth to young adulthood: Longitudinal findings from the Childhood Determinants of Adult Health Study. J. Sci. Med. Sport 2017, 20, 927–931. [Google Scholar] [CrossRef]

	



Arriscado, D.; Muros, J.J.; Zabala, M.; Dalmau, J.M. Factors associated with low adherence to a Mediterranean diet in healthy children in northern Spain. Appetite 2014, 80, 28–34. [Google Scholar] [CrossRef]

	



Muros, J.J.; Cofre-Bolados, C.; Arriscado, D.; Zurita, F.; 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. [Google Scholar] [CrossRef]

	



Garcia-Hermoso, A.; Vegas-Heredia, E.D.; Fernández-Vergara, O.; Ceballos-Ceballos, R.; Andrade-Schnettler, R.; Arellano-Ruiz, P.; Ramírez-Vélez, R. Independent and combined effects of handgrip strength and adherence to a Mediterranean diet on blood pressure in Chilean children. Nutrition 2019, 60, 170–174. [Google Scholar] [CrossRef]

	



Ramírez-Vélez, R.; Correa-Bautista, J.; Ojeda-Pardo, M.; Sandoval-Cuellar, C.; García-Hermoso, A.; Carrillo, H.; González-Ruíz, K.; Prieto-Benavides, D.; Tordecilla-Sanders, A.; Martinkėnas, A.; et al. Optimal Adherence to a Mediterranean Diet and High Muscular Fitness Are Associated with a Healthier Cardiometabolic Profile in Collegiate Students. Nutrients 2018, 10, 511. [Google Scholar] [CrossRef] [PubMed]

	



Rosa Guillamón, A.; García-Cantó, E.; Rodríguez García, P.L.; Pérez Soto, J.J.; Tárraga Marcos, L.; Tárraga López, P.J. Actividad física, condición física y estatus nutricional en escolares de 8 a 12 años. Physical activity, physical fitness and nutritional status in schoolchildren from 8 to 12 years. Nutr. Hosp. 2017, 34, 1292–1298. [Google Scholar]

	



Evaristo, O.S.; Moreira, C.; Lopes, L.; Abreu, S.; Agostinis-Sobrinho, C.; Oliveira-Santos, J.; Póvoas, S.; Oliveira, A.; Santos, R.; Mota, J. Associations between physical fitness and adherence to the Mediterranean diet with health-related quality of life in adolescents: Results from the LabMed Physical Activity Study. Eur. J. Public Health 2018, 28, 631–635. [Google Scholar] [CrossRef]

	



Agostinis-Sobrinho, C.; Santos, R.; Rosário, R.; Moreira, C.; Lopes, L.; Mota, J.; Martinkenas, A.; García-Hermoso, A.; Correa-Bautista, J.; Ramírez-Vélez, R. Optimal Adherence to a Mediterranean Diet May Not Overcome the Deleterious Effects of Low Physical Fitness on Cardiovascular Disease Risk in Adolescents: A Cross-Sectional Pooled Analysis. Nutrients 2018, 10, 815. [Google Scholar] [CrossRef]

	



Tambalis, K.D.; Panagiotakos, D.B.; Psarra, G.; Sidossis, L.S. Concomitant Associations between Lifestyle Characteristics and Physical Activity Status in Children and Adolescents. J. Res. Health Sci. 2019, 19, e00439. [Google Scholar] [PubMed]

	



Iaccarino 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. [Google Scholar] [CrossRef] [PubMed]

	



IDEFICS Consortium; Tognon, G.; Moreno, L.A.; Mouratidou, T.; Veidebaum, T.; Molnár, D.; Russo, P.; Siani, A.; Akhandaf, Y.; Krogh, V.; et al. Adherence to a Mediterranean-like dietary pattern in children from eight European countries. The IDEFICS study. Int. J. Obes. 2014, 38, S108–S114. [Google Scholar] [CrossRef] [PubMed]

	



Franco, M.; Bilal, U.; Díez, J. Food Environment. In Encyclopedia of Food and Health; Elsevier: Amsterdam, The Netherlands, 2016; pp. 22–26. [Google Scholar]

	



Grao-Cruces, A.; Fernández-Martínez, A.; Nuviala, A. Association of Fitness with Life Satisfaction, Health Risk Behaviors, and Adherence to the Mediterranean Diet in Spanish Adolescents. J. Strength Cond. Res. 2014, 28, 2164–2172. [Google Scholar] [CrossRef]

	



Roman-Viñas, B.; Zazo, F.; Martínez-Martínez, J.; Aznar-Laín, S.; Serra-Majem, L. Results from Spain’s 2018 Report Card on Physical Activity for Children and Youth. J. Phys. Act. Health 2018, 15, S411–S412. [Google Scholar] [CrossRef]

	



Tomkinson, G.R.; Lang, J.J.; Tremblay, M.S. Temporal trends in the cardiorespiratory fitness of children and adolescents representing 19 high-income and upper middle-income countries between 1981 and 2014. Br. J. Sports Med. 2019, 53, 478–486. [Google Scholar] [CrossRef]

	



Serra-Majem, L.; Ribas, L.; Ngo, J.; Ortega, R.M.; García, A.; Pérez-Rodrigo, C.; Aranceta, J. Food, youth and the Mediterranean diet in Spain. Development of KIDMED, Mediterranean Diet Quality Index in children and adolescents. Public Health Nutr. 2004, 7, 931–935. [Google Scholar] [CrossRef]

	



Serra-Majem, L.; García-Closas, R.; Ribas, L.; Pérez-Rodrigo, C.; Aranceta, J. Food patterns of Spanish schoolchildren and adolescents: The enKid Study. Public Health Nutr. 2001, 4, 1433–1438. [Google Scholar] [CrossRef] [PubMed]

	



Ruiz, J.R.; Castro-Pinero, J.; Espana-Romero, V.; Artero, E.G.; Ortega, F.B.; Cuenca, M.M.; Jimenez-Pavon, D.; Chillon, P.; Girela-Rejon, M.J.; Mora, J.; et al. Field-based fitness assessment in young people: The ALPHA health-related fitness test battery for children and adolescents. Br. J. Sports Med. 2011, 45, 518–524. [Google Scholar] [CrossRef] [PubMed]

	



de Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth reference for school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660–667. [Google Scholar] [CrossRef] [PubMed]

	



Brook, C.G. Determination of body composition of children from skinfold measurements. Arch. Dis. Child. 1971, 46, 182–184. [Google Scholar] [CrossRef] [PubMed]

	



Siri, W.E. The Gross Composition of the Body. In Advances in Biological and Medical Physics; Lawrence, J.H., Gofman, J.W., Eds.; Elsevier: Amsterdam, The Netherlands, 1956; Volume 4, pp. 239–280. [Google Scholar]

	



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

	



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

	



Kowalski, K.C.; Crocker, P.R.E.; Kowalski, N.P. Convergent Validity of the Physical Activity Questionnaire for Adolescents. Pediatr. Exerc. Sci. 1997, 9, 342–352. [Google Scholar] [CrossRef]

	



Martínez-Gómez, D.; Martínez-de-Haro, V.; Pozo, T.; Welk, G.J.; Villagra, A.; Calle, M.E.; Marcos, A.; Veiga, O.L. Reliability and validity of the PAQ-A questionnaire to assess physical activity in Spanish adolescents. Rev. Esp. Salud Publica 2009, 83, 427–439. [Google Scholar] [CrossRef]

	



Bervoets, L.; Van Noten, C.; Van Roosbroeck, S.; Hansen, D.; Van Hoorenbeeck, K.; Verheyen, E.; Van Hal, G.; Vankerckhoven, V. Reliability and Validity of the Dutch Physical Activity Questionnaires for Children (PAQ-C) and Adolescents (PAQ-A). Arch. Public Health 2014, 72, 47. [Google Scholar] [CrossRef]

	



Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.-I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.; et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. N. Engl. J. Med. 2018, 378, e34. [Google Scholar] [CrossRef]

	



Archero, F.; Ricotti, R.; Solito, A.; Carrera, D.; Civello, F.; Di Bella, R.; Bellone, S.; Prodam, F. Adherence to the Mediterranean Diet among School Children and Adolescents Living in Northern Italy and Unhealthy Food Behaviors Associated to Overweight. Nutrients 2018, 10, 1322. [Google Scholar] [CrossRef] [PubMed]

	



Grosso, G.; Marventano, S.; Buscemi, S.; Scuderi, A.; Matalone, M.; Platania, A.; Giorgianni, G.; Rametta, S.; Nolfo, F.; Galvano, F.; et al. Factors Associated with Adherence to the Mediterranean Diet among Adolescents Living in Sicily, Southern Italy. Nutrients 2013, 5, 4908–4923. [Google Scholar] [CrossRef] [PubMed]

	



Schutte, N.M.; Nederend, I.; Hudziak, J.J.; de Geus, E.J.C.; Bartels, M. Differences in Adolescent Physical Fitness: A Multivariate Approach and Meta-analysis. Behav. Genet. 2016, 46, 217–227. [Google Scholar] [CrossRef]

	



Foster, C.; Moore, J.B.; Singletary, C.R.; Skelton, J.A. Physical activity and family-based obesity treatment: A review of expert recommendations on physical activity in youth. Clin. Obes. 2018, 8, 68–79. [Google Scholar] [CrossRef] [PubMed]

	



Shi, X.; Tubb, L.; Fingers, S.T.; Chen, S.; Caffrey, J.L. Associations of Physical Activity and Dietary Behaviors with Children’s Health and Academic Problems. J. Sch. Health 2013, 83, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Zurita-Ortega, F.; San Román-Mata, S.; Chacón-Cuberos, R.; Castro-Sánchez, M.; Muros, J. Adherence to the Mediterranean Diet Is Associated with Physical Activity, Self-Concept and Sociodemographic Factors in University Student. Nutrients 2018, 10, 966. [Google Scholar] [CrossRef]

	



Chacón-Cuberos, R.; Zurita-Ortega, F.; Martínez-Martínez, A.; Olmedo-Moreno, E.; Castro-Sánchez, M. Adherence to the Mediterranean Diet Is Related to Healthy Habits, Learning Processes, and Academic Achievement in Adolescents: A Cross-Sectional Study. Nutrients 2018, 10, 1566. [Google Scholar] [CrossRef]

	



Arriscado, D.; Muros, J.J.; Zabala, M.; Dalmau, J.M. Hábitos de práctica física en escolares: Factores influyentes y relaciones con la condición física. Nutr. Hosp. 2015, 31, 1232–1239. [Google Scholar]








[image: Nutrients 12 00567 g001 550] 





Figure 1. Adherence to the Mediterranean Diet in schoolchildren aged 6–13 in the Region of Murcia (Spain). 






Figure 1. Adherence to the Mediterranean Diet in schoolchildren aged 6–13 in the Region of Murcia (Spain).



[image: Nutrients 12 00567 g001]







[image: Table] 





Table 1. Sample descriptive data according to adherence to the Mediterranean Diet.
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Variables

	
Boys

	

	
Girls

	




	
Low MD

n = 18

(8.8%)

	
Moderate MD

n = 133

(65.2%)

	
High MD

n = 53

(26.0%)

	
p

	
d

	
Low MD

n = 15

(9.0%)

	
Moderate MD

n = 108

(65.1%)

	
High MD

n = 43

(25.9%)

	
p

	
d






	
Age (years)

	
9.1 ± 1.3

	
8.9 ± 1.8

	
8.5 ± 1.9

	
0.378

	
0.03

	
8.7 ± 1.7

	
8.4 ± 1.8

	
8.6 ± 1.8

	
0.779

	
0.19




	
Weight (kg)

	
39.07 ± 10.77

	
36.19 ± 10.15

	
36.03 ± 12.23

	
0.451

	
0.09

	
33.30 ± 12.05

	
34.04 ± 10.34

	
37.48 ± 12.38

	
0.208

	
0.17




	
Height (m)

	
1.39 ± 0.07

	
1.37 ± 0.11

	
1.36 ± 0.13

	
0.637

	
0.15

	
1.34 ± 0.12

	
1.34 ± 0.12

	
1.35 ± 0.14

	
0.812

	
0.20




	
BMI (kg/m2)

	
20.07 ± 4.23

	
18.96 ± 3.39

	
19.02 ± 3.68

	
0.560

	
0.13

	
18.11 ± 3.84

	
18.73 ± 3.69

	
20.07 ± 4.41

	
0.043*

	
0.33




	
BMI (z-score)

	
0.84 ± 0.94

	
1.12 ± 1.36

	
1.27 ± 1.04

	
0.385

	
0.04

	
0.99 ± 0.88

	
1.20 ± 1.25

	
1.09 ± 1.17

	
0.832

	
0.20




	
WC (cm)

	
64.27±5.98

	
63.18 ± 7.52

	
62.33 ± 8.6

	
0.202

	
0.16

	
59.18 ± 8.13

	
60.35 ± 8.88

	
62.64 ± 8.03

	
0.120

	
0.24




	
WHtR (WC/Height (cm))

	
0.46 ± 0.04

	
0.46 ± 0.04

	
0.46 ± 0.04

	
0.884

	
0.19

	
0.44 ± 0.04

	
0.45 ± 0.06

	
0.46 ± 0.05

	
0.082

	
0.27




	
BF (kg)

	
12.50 ± 6.39

	
10.91 ± 5.43

	
11.04 ± 6.46

	
0.491

	
0.11

	
10.72 ± 6.23

	
10.77 ± 5.78

	
12.76 ± 6.73

	
0.161

	
0.20




	
BF (%)

	
30.40 ± 7.68

	
28.76 ± 6.36

	
28.67 ± 7.06

	
0.632

	
0.15

	
30.14 ± 7.12

	
29.88 ± 7.70

	
32.35 ± 7.40

	
0.181

	
0.19




	
FFM (kg)

	
26.56 ± 4.83

	
25.29 ± 5.21

	
24.99 ± 6.12

	
0.509

	
0.11

	
22.58 ± 6.04

	
23.27 ± 5.26

	
24.72 ± 6.41

	
0.328

	
0.08




	
FFM (%)

	
69.60 ± 7.68

	
71.24 ± 6.36

	
71.33 ± 7.06

	
0.632

	
0.15

	
69.86 ± 7.12

	
70.12 ± 7.70

	
67.65 ± 7.40

	
0.181

	
0.19




	
Handgrip strength (kg)

	
13.08 ± 2.46

	
13.86 ± 4.07

	
13.12 ± 4.04

	
0.433

	
0.18

	
12.51 ± 4.35

	
11.91 ± 3.54

	
12.90 ± 4.19

	
0.339

	
0.23




	
Handgrip strength/BW

	
0.34 ± 0.08

	
0.39 ± 0.08

	
0.38 ± 0.09

	
0.154

	
0.27

	
0.38 ± 0.05

	
0.36 ± 0.08

	
0.35 ± 0.07

	
0.484

	
0.19




	
Standing broad jump (cm)

	
120.2 ± 29.9

	
116.2 ± 24.6

	
120.5 ± 26.9

	
0.538

	
0.16

	
108.6 ± 25.8

	
106.6 ± 22.2

	
111.2 ± 23.5

	
0.537

	
0.18




	
4 × 10 m Shuttle Run Test (s)

	
13.49 ± 1.44

	
13.52 ± 1.64

	
13.57 ± 1.25

	
0.710

	
0.16

	
14.32 ± 1.53

	
14.05 ± 1.11

	
14.03 ± 1.61

	
0.690

	
0.18




	
20 m Shuttle Run Test (laps)

	
16.1 ± 12.8 a

	
21.0 ± 14.3

	
23.4 ± 13.4

	
0.048 *

	
0.29

	
15.5 ± 7.1

	
16.3 ± 9.7

	
17.9 ± 9.6

	
0.412

	
0.08




	
CRF (mL/kg/min)

	
43.31 ± 4.00 a

	
45.20 ± 4.29

	
46.36 ± 4.56

	
0.019 *

	
0.35

	
43.98 ± 4.03

	
44.60 ± 4.01

	
44.89 ± 3.73

	
0.699

	
0.18




	
PAQ-C (score)

	
1.87 ± 0.53 a,b

	
2.23 ± 0.45

	
2.28 ± 0.52

	
0.040 *

	
0.30

	
1.96 ± 0.38

	
2.04 ± 0.40 a

	
2.22 ± 0.45

	
0.016 *

	
0.40








Data expressed as Mean ± SD. BMI: Body mass index; BW: Body weight; CRF: Cardiorespiratory Fitness; BF: Body fat; FFM: Free-fat mass; MD: Mediterranean Diet; WC: Waist circumference; WHtR: Waist-to-Hip ratio. a Significantly different from High MD (p ≤ 0.050). b Significantly different from Moderate MD (p ≤ 0.050). * p ≤ 0.050.
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Table 2. Bivariate and partial correlations between KIDMED index score and different variables of the study.
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	Variables
	Crude
	Adjusted #





	Handgrip strength (kg)
	−0.015 (0.779)
	0.065 (0.213)



	Handgrip strength/BW
	−0.010 (0.841)
	0.040 (0.442)



	Standing broad jump (cm)
	0.069 (0.188)
	0.147 ** (0.005)



	4 x 10 m Shuttle Run Test (s)
	0.002 (0.967)
	−0.057 (0.276)



	20 m Shuttle Run Test (laps)
	0.104 * (0.045)
	0.141 ** (0.007)



	CRF (mL/kg/min)
	0.134 ** (0.010)
	0.144 ** (0.006)



	PAQ-C (score)
	0.162 ** (0.002)
	0.232 *** (<0.001)







BW: Body weight; CRF: Cardiorespiratory Fitness. * p ≤ 0.050; ** p ≤ 0.010; *** p ≤ 0.001. # Adjusted by sex, age and BMI z-score, WC and %BF.
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Table 3. Analysis of multinomial logistic regression for continuous variables of study according to the Mediterranean Diet.
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Predictors

	
Model 1

	
Model 2




	
Low MD (0–3)

	
Moderate MD (4–7)

	
High MD (≥8)

	
Low MD (0–3)

	
Moderate MD (4–7)

	
High MD (≥8)






	
Handgrip strength (kg)

	
1

	
1.01

(0.92–1.11)

	
1.01

(0.92–1.12)

	
1

	
1.09

(0.93–1.26)

	
1.11

(0.94–1.32)




	
Handgrip strength/BW

	
1

	
6.68

(0.08–576.95)

	
1.68

(0.01–212.40)

	
1

	
11.30

(0.05–2648.77)

	
9.52

(0.03–3625.12)




	
Standing broad jump (cm)

	
1

	
1.00

(0.98–1.01)

	
1.00

(0.99–1.02)

	
1

	
0.99

(0.97–1.01)

	
1.01

(0.99–1.03)




	
4 × 10 m Shuttle Run Test (s)

	
1

	
0.95

(0.74–1.22)

	
0.96

(0.73–1.25)

	
1

	
0.91

(0.67–1.25)

	
0.83

(0.59–1.17)




	
20 m Shuttle Run Test (nº laps)

	
1

	
1.03

(0.99–1.06)

	
1.04 *

(1.00–1.08)

	
1

	
1.03

(0.99–1.07)

	
1.06 **

(1.01–1.11)




	
CRF (mL/kg/min)

	
1

	
1.08

(0.99–1.18)

	
1.13 *

(1.02–1.25)

	
1

	
1.11

(0.96–1.28)

	
1.23 **

(1.06–1.44)




	
PAQ-C (score)

	
1

	
3.72 **

(1.49–9.28)

	
6.24 ***

(2.33–16.70)

	
1

	
4.06 **

(1.58–10.44)

	
7.51 ***

(2.71–20.86)








BW: Body Weight; CRF: Cardiorespiratory Fitness; MD: Mediterranean Diet. * p ≤ 0.050; ** p ≤ 0.010; *** p ≤ 0.001. Model 1: Unadjusted; Model 2: Adjusted by sex, age, BMI z-score, WC and %BF.
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