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This study examined the differences in the level of physical fitness and academic performance among male middle-school children based on different body status categories. A total of 69 male children [age: 12.4 ± 0.7 years; body mass: 58.5 ± 7.2 kg; height: 1.62 ± 0.09 m; and body mass index (BMI): 22.4 ± 3.3 kg/m2] participated and were divided into BMI age-adjusted groups (i.e., lowest, middle, and highest BMI). Height, mass, BMI, stork test of static balance, 10 and 15 m sprint as an indicator for speed, hand-grip strength test, agility T-half test, medicine ball throw (MBT), and the Yo-Yo Intermittent Recovery Test level 1 (Yo-Yo IR1) were assessed. School records were retrieved for grade point averages (GPA) of mathematics, science, and Arabic. We found significant group differences regarding anthropometric (height: [image: image] = 0.24, mass: [image: image] = 0.33, and BMI: [image: image] = 0.66), physical (sprint 10 m: [image: image] = 0.26), and academic (mathematics: [image: image] = 0.19 and science: [image: image] = 0.15) performance parameters. The largest difference (p < 0.001) was observed between the lowest and highest group for the 10 m sprint. All pairwise differences were between the lowest and highest BMI group or the lowest and middle BMI group. No relevant (r > 0.5) correlation between parameters of different dimensions (e.g., anthropometric vs. physical performance parameters) was found. In conclusion, the highest BMI group exhibited similar physical and academic performances than the lowest group. Thus, these data emphasize the importance and appropriateness to engage young Qatari schoolchildren in physical activity as it associates with superior academic performance.
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INTRODUCTION

A worldwide epidemiological transition has occurred in the past 20 years, involving a shift from communicable diseases to non-communicable diseases (NCDs), such as obesity and type II diabetes mellitus (Popkin and Doak, 1998; GBD 2015 Risk Factors Collaborators, 2016). In this context, the WHO reported that since 1975, obesity has nearly tripled worldwide (NCD Risk Factor Collaboration (NCD-RisC)., 2017). Being overweight and obese evaluated using body fat is associated with excessive adipose tissue. In contrast, athletes who are extremely muscular show usually a normal or lower body fat but a higher body mass index (BMI) level than average (Longo et al., 2019). Excessive adipose tissue is implicated in several pathologies (Malecka-Tendera and Mazur, 2006; Hermassi et al., 2021a). Concerningly, the obesity epidemic has spread from almost exclusively adult obesity to a greater prevalence of childhood and adolescent obesity in recent decades (Hales et al., 2015).

Physical activity (PA) and exercise improve cardiorespiratory and musculoskeletal fitness, which are associated with increased academic achievement in children and adolescents (Ruiz et al., 2010; Raine et al., 2013; Rauner et al., 2013; El-Sayes et al., 2019; Padulo et al., 2019, p. 13). Specifically, physical fitness (i.e., aerobic fitness, muscular strength, and speed agility) is considered as a powerful, robust measure of health in children and adolescents (Raghuveer et al., 2020). Previous literature is aerobic fitness-centric in relation to academic achievement, concluding higher aerobic fitness is associated with a superior academic achievement. The role of aerobic fitness over muscular strength and speed on driving associations with academic achievement in overweight/obese children is well-described (Cadenas-Sanchez et al., 2020). However, components, such as muscular strength or speed, are less investigated, and there have been calls for further research in this area (Kao et al., 2017).

Previously considered a “disease of affluence” [although this paradigm has attracted some criticism (Ezzati et al., 2005)], obesity now affects those of low-income and middle-income countries and, consequently, displays an inverted U-shaped curve in terms of normalized income and BMI (Ezzati et al., 2005; Sahoo et al., 2015). Socioeconomic status (SES) can thus be considered a covariate; however, cultural experiences of specific countries should also be considered (Dinsa et al., 2012).

Several studies have suggested a positive association between markers of physical health and academic achievement in schoolchildren (Novello et al., 1992; Ruff et al., 2019). Moreover, a systematic review noted that academic performance was improved by some health programs embedded within schools (Murray et al., 2007). Relationships between body mass and brain function (particularly, cognitive function) have been demonstrated in several reviews (Reinert et al., 2013; Martin et al., 2018; Barbosa et al., 2020). Childhood overweightness impacts self-esteem, impairing cognitive and social development (Tremblay et al., 2000; Datar et al., 2004; Hesketh et al., 2004). In addition to evident associations, a systematic review and meta-analysis of 20 studies found that overweight and obese individuals who underwent body mass loss improved their performance across various cognitive domains (Veronese et al., 2017).

The overweight and obesity prevalence among schoolchildren in Qatar is greater (Al-Thani et al., 2018) than the global prevalence of obesity and overweightness (18%) reported by the WHO in 2016. In fact, overweightness and obesity prevalence was 45 and 40% among male and female children and 46 and 41% among Qatari and non-qatari school students, respectively (Al-Thani et al., 2018). Odds of obesity and overweight status were significantly higher among 10–14 and 15–19 years age groups than 5- to 9-year-olds. By sex, male subjects had 1.5 times greater odds of being obese than female subjects, and Qatari nationals had 1.4 times greater odds of obesity than non-qataris (Al-Thani et al., 2018). Due to an often-sedentary lifestyle, the number of overweight adolescents in Qatar is increasing, while PA levels and motor skills are declining.

The association between BMI and academic performance has been reported in several cultures and geographical locations. However, recent systematic reviews found that the relationship between BMI and academic achievement was stronger in American and European samples than in Asian samples, including the Gulf region (Martin et al., 2014). For example, a review of nine studies performed in the United States, Western Europe, South America, and Asia suggested a consistent and significant association (Taras and Potts-Datema, 2005). Similarly, another review showed positive associations between parameters of health (e.g., school-based physical activities) and academic outcomes/performance (Trudeau and Shephard, 2008). Conversely, a systematic review from Santana et al. (2017) reported that in 34 studies, less than half demonstrated an association between obesity and academic performance when controlling for covariates, such as SES and parental education.

Evidence for improved cognitive function as a result of physical health is relatively strong (Keeley and Fox, 2009; Donnelly et al., 2013; Mandolesi et al., 2018). This supposition has led researchers and policymakers to consider the importance of appropriate levels of physical health (including limiting adiposity) for academic performance in children. This is important, as academic performance is a predictor of lifelong health and quality of life across various cultures (Schoenbaum and Waidmann, 1997). Clear mechanistic evidence exists through which physical health leads to improved cognitive health [e.g., cerebral blood flow, brain-derived neurotrophic factor (BDNF), and reduced neurodegeneration, for a detailed review see (Khan and Hillman, 2014)]. However, mechanisms by which academic performance improves lifelong health and quality of life (i.e., the reverse causal relationship) are currently not well-understood. It is widely considered, however, that education, health, and social outcomes are closely interdependent (Kolbe, 2002).

Recent research has begun to establish an association between physical fitness, academic skills, and cognitive variables, demonstrating that PA is not merely coincidentally related to cognitive function (Donnelly et al., 2013; Fernandes et al., 2018; Cadenas-Sanchez et al., 2020; Gil-Espinosa et al., 2020). Aerobic exercise increases levels of neurotrophic factors and brain neuroplasticity, so physical fitness and PA are consequently associated with neurodevelopment and cognitive development (Berchicci et al., 2015). As such, improvements in cognition are seen following aerobic exercise training (Stillman et al., 2016) resultant from signaling-mediated molecular and cellular events resulting in improved cognition (Stillman et al., 2016). Furthermore, increases in gray matter volume and neural activity are apparent (Stillman et al., 2016). Several studies have consistently shown a positive association between fitness level and motor skill acquisition (Etnier and Landers, 1998; Kelsey et al., 2014; Wang et al., 2016). Although it has not been studied directly, improvements in motor performance are potentially mediated by the same mechanisms mediating cognitive improvements.

The negative effects of obesity on academic performance have been demonstrated by some (Esmaeilzadeh and Ebadollahzadeh, 2012; Esmaeilzadeh and Kalantari, 2013; Esteban-Cornejo et al., 2014; Hermassi et al., 2021b) but not all (Santana et al., 2017). However, the interdependence of body mass, physical fitness, and body composition on academic performance in schoolchildren has been examined with academic success associated with higher fitness levels (Datar and Sturm, 2006; Torrijos-Niño et al., 2014).

This cross-sectional study investigated school performance (e.g., Arabic, mathematics, and science) and physical fitness of normal, overweight, and obese middle-school children in Qatar. The primary aim was to identify physical fitness and academic attainment in school students stratified based on BMI-determined obesity. A secondary aim was to examine interactions between physical fitness, BMI, and academic attainment. We hypothesized a priori that differences in physical fitness-related health and academic school achievement would be apparent between obese and non-obese school students. In addition, we hypothesized an association between fitness and academic performance would be present.



MATERIALS AND METHODS


Participants

This cross-sectional study followed the guidelines and the Declaration of Helsinki, and the protocol was approved by the university's institutional review board (QU-IRB 1542-FBA/21) and the Ministry of Education and Higher Education Qatar (REF: 18/2021). Independent from the generally accepted criteria for obesity and overweight and population levels, participants were divided into three groups depending on BMI age-adjusted values (Harrington et al., 2013; Hermassi et al., 2021a), namely, lowest (n = 21; BMI: 18.0–20.9 kg/m2), middle (n = 23; BMI: 21.0–22.9 kg/m2), and highest (n = 25, BMI: > 23.0 kg/m2). A total of 69 male schoolchildren (age: 12.4 ± 0.7 years of age, range: 11–14 years; body mass: 58.5 ± 7.2 kg; stature: 1.62 ± 0.09 m; and BMI: 22.4 ± 3.3 kg/m2) were analyzed. Of them, 85% (n = 59) of the children aged 12 or 13 years. Only 6 (9%) and 4 (6%) were younger (i.e., 11 years) or older (i.e., 14 years). Children were recruited by convenience sampling from one school in a Doha Community (Qatar). Participants were excluded if they were: (1) diagnosed with a psychological disorder (e.g., anxiety, depression, or attention-deficit disorder) or (2) on medication (e.g., antidepressants or medication affecting the nervous system). Moreover, participants that failed to present a signed informed consent form by their legal guardians were further excluded. Study objectives were communicated to the parents, school, and the management team. Parents or legal guardians of the participants were provided with an information sheet explaining the purpose of the experiment and a consent form. Of these participants, 65% returned a signed consent form and were eligible to participate. Participants and their respective guardians and teachers were debriefed about the experimental procedure, right to withdraw from the experiment, and provided with a consent form to complete for participation in the experiment, in accordance with the Helsinki Declaration.



Procedures and Evaluations

Data collection took place between 08:00 h and 10:00 h every day in an indoor sport court with consistent environmental conditions (temperature 24.5°C ± 0.5°C and relative humidity 65% ± 5%). Participants were asked to maintain regular food and drinks habits but to abstain from drinking caffeinated products, performing vigorous PA, and eating for 24, 4, and 2 h before testing, respectively. Testing was performed in a fixed order over a period of 4 days to ensure consistent fatigue levels and learning effects between participants. The tests for this experiment were selected based on the suitability for middle-school students and to evaluate these dimensions:

1. Sprinting performance (10 and 15 m) and agility performance,

2. Medicine ball overhead throw and hand-grip strength,

3. Endurance performance (Yo-Yo IR1),

4. Static balance performance.

After a general warm-up consisting of 5 min low-intensity running, 3 × 15 m progressive accelerations and a maximal 20 m sprint, interspersed with 3 min periods of passive recovery were performed. In addition to the low-intensity running, submaximal dynamic stretches and throws were performed, consistent with our previous work. Day 1 consisted of anthropometric testing and the Yo-Yo IR1. On day 2, the stork test of static balance was performed. Day 3 consisted of sprint performance and handgrip force. On day 4, testing consisted of the agility T-half test and medicine ball throw. Test-retest reliability was assessed by repeating fitness tests from day 1 to 3 after 2 weeks of the initial testing period. The second set of test scores generated for the test-retest reliability purposes was included in final analyses. Anthropometric and Yo-Yo IR1 test assessments were performed once at the initial testing period, for players' limited time commitments and schedules.




DAY 1


Anthropometry

Anthropometric measurements incorporated body height (Holtain stadiometer, Crosswell, Crymych, Pembrokeshire, United Kingdom) and body mass (model TBF 105; Tanita Corporation of America, Inc, Arlington Heights, Illinois) measured to the nearest 0.1 cm and 0.1 kg. BMI was calculated as the ratio between body mass (kg) and body height squared (m2).



The Yo-Yo Intermittent Recovery Test Level 1

The Yo-Yo IR1 was conducted in line with Krustrup et al. (2003). A standardized warm-up consisted of 5 min of low-intensity running. Next, 20 m shuttle runs were performed at increasing velocities until exhaustion, with 10 s intervals of active recovery (2 × 5 m of jogging) between runs. The test was terminated if it met objective criteria (with the participant twice failing to reach the front line in time) and/or subjective criteria (with the participant feeling unable to complete another shuttle at the required speed). The total distance covered was considered as the test “score.”




DAY 2


Static Balance Performance

To assess static balance, we utilized the stork balance test (Miller, 2002). Participants stood with their opposite foot against the inside of the supporting knee with both hands on the hips. On the “go” signal, subjects raised the heel from the floor and held this position for as long as possible. The test was terminated when the heel of the supporting leg touched the ground, or the foot moved away from the kneecap. The test was timed using a stopwatch.




DAY 3


Sprint Tests

A 15-min warm-up with 10 min running, change of direction activities, and dynamic stretching was performed. Next, participants sprinted 15 m from a standing position 0.2 m behind the first photocell beam. The 15 and 30 m sprint times were recorded by paired photocells (Racetime 2 SF, Microgate, Italy) located 1 m above the ground at the start and finish. Three trials were separated by 6–8 min of recovery, and the fastest trial was retained for further analyses.



Handgrip Strength Test

A standard adjustable digital hand-grip dynamometer (T.K.K. 5401, Tokyo, Japan) was employed to measure grip strength of the dominant hand, with a sensitivity of 10 N. The anthropometric apparatus and hand-grip dynamometer were calibrated before use. Participants were tested 3 min after a separate warm-up and before a throwing velocity test, following the anthropometry assessment. This test was conducted with the arm extended parallel to the body. Participants were not allowed to display movements of the arm or wrist. Peak force was recorded. Players performed two repetitions of maximum intensity with 3 min break between each repetition to minimize fatigue. The final analyses included the best trial only.




DAY 4


Change of Direction (T-Half Test)

Prior to each test, a 10 min warm-up consisting of jogging, jumping, lateral displacements, and dynamic stretching was performed. Electronic timing sensors (photocells, Kit Racetime 2 SF, Microgate, Italy) were employed to record T-half tests (Sassi et al., 2009) data. The electronic timing sensors were set 0.75 m above the floor, 3 m apart, and facing each other at the starting line A. Participants started each trial with their front foot 0.2 m behind line A. Next, participants sprinted forward to cone B and touched its base with their right hand. Without crossing their feet and facing forward, participants shuffled to the left of cone C and touched the base of this cone with their left hand. Thereafter, participants shuffled right to cone D, touched its base with their right hand, then ran back to the left of the cone, and touched its base. At last, participants ran backward, returning to line A as quickly as possible. Participants had to repeat a trial if they crossed one foot in front of another, failed to touch the base of the cone, and/or failed to face forward throughout the trial. Participants repeated until they completed two successful trials; there was a 3 min break between the trials, and only the best trial was included in the final analyses.



Medicine Ball Throw

Prior to this test, participants performed a 5 min warm-up that included a 3 min run and dynamic activities. Throws were performed using rubber medicine balls with a diameter of 21.5 cm and a weight of 2 kg. Participants were debriefed about the optimal technique, determining an optimal release angle for obtaining the maximum distance (Negrete et al., 2010). The sitting participant clasped the medicine ball using both hands and pushed the ball forcefully from their chest when given a signal. The score was determined based on the place the ball landed from the sitting line's front. Each participant performed three trials with 1 min break between, and the best result was reported to 0.01 m.



Academic Performance

Academic performance was evaluated through school records. Academic performance consisted of actual grade point average (GPA) and score (0–100) as endorsed in the Qatar State in mathematics and science from the second semester of the academic year 2020–2021. The reason for only including two academic subjects was due to our interest in science-related courses. We focused on mathematics and science due to the greater association with fitness.



Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) version 28.0 (IBM, Armonk, NY, USA) software was utilized to perform all analyses. Retest reliability was described using the intraclass correlation coefficient (ICC) and the coefficient of variation (CV) (Schrama et al., 2014). Previously reported guidelines helped to inform reliability (Shrout and Fleiss, 1979; Hopkins, 2000; Portney and Watkins, 2009; Hopker et al., 2010). A power calculation (nQuery Advisor 4.0; Statistical Solutions, Saugus, MA, USA) showed with n = 7 in each group; we would have been able to detect a mean difference of 0.4 s in 10 m sprint using a two-sided t-test with the α level of 0.05 and a pooled standard deviation (SD) of 0.3 s, with a statistical power of 0.8 (Bortz, 1999). Data were analyzed for homogeneity of variance (Levene's test), and normality (Shapiro-Wilk test). Based on the sample size of n = 69 and the symmetrical sample distribution (n = 21, n = 23, and n = 25), it was possible and legitimate to use parametric tests (Weiß, 2002), such as one-way analysis of variance (ANOVA), to examine the anthropometric and performance differences between BMI groups. Differences were considered meaningful if p < 0.05 and partial eta-squared ([image: image]) > 0.15 (Bortz, 1999; Richardson, 2011), to refrain from overestimating the differences. T-tests with Bonferroni correction were conducted for pairwise comparison purposes (0.05/17 or p = 0.003) to protect against type I error (Bortz, 1999). Pearson's product moment correlation coefficients (r) were conducted to determine relationships between anthropometric, physical performance, and academic performance variables and interpreted employing Cohen's thresholds (Cohen, 1988). Magnitudes of correlations (r) were thus interpreted as follows: r < 0.1; the correlation was trivial; 0.1–0.3, it was small; in the range of 0.3–0.5, moderate; 0.5–0.7, large; 0.7–0.9, very large, and 0.9–1.0, almost perfect (Cohen, 1988).




RESULTS


Intrarater Reliability

All six performance tests showed excellent relative reliability (ICC ≥ 0.75). ICC ranged from 0.87 (stork balance test) to 1.00 (all other tests with the omission of medicine ball throw). Apart from the stork balance test (CV = 13.9%), all variables had excellent absolute reliability, with CV < 5% (Table 1).


Table 1. Physical fitness tests obtained from two sessions (time interval: n = 23).

[image: Table 1]



Normal Distribution and Variance Homogeneity

Only two variables (i.e., sprint 15 m: p = 0.285; medicine ball throw: p = 0.059) were normally distributed. Only the parameters, such as 10 m sprint (p = 0.001), Yo-Yo IR1 (p = 0.001), and science (p = 0.007), were heterogeneous in variance. Otherwise, all p-values were >0.110.



Age and Anthropometric Data

All three groups were not different concerning age ([image: image] = 0.03) but showed differences regarding anthropometric parameters (Table 2).


Table 2. Comparison of age and anthropometric characteristics between three groups.

[image: Table 2]

The largest difference was observed for the parameter BMI ([image: image] = 0.69). The BMI of the lowest group (19.1 ± 1.5 kg/m2) was markedly lower than for the middle group (25.5 ± 2.2 kg/m2) and the highest group (25.6 ± 2.3 kg/m2). Differences in body height ([image: image] = 0.30) and body mass ([image: image] = 0.35) were of a smaller magnitude.



Physical Performance Academic Performance Data

Regarding physical performance and academic performance parameters, we found three significant group differences (i.e., 10 m sprint, mathematics, and science) (Table 3). The largest difference was calculated for 10 m sprint ([image: image] = 0.26).


Table 3. Comparison of physical performance and academic characteristics between three groups (differentiation criterion: percent body fat).

[image: Table 3]

Significant effects were observed only between the middle and highest groups (i.e., medicine ball throw, sprint 10 m, mathematics, and science) or between lowest and middle participants (i.e., sprint 10 m, Arabic, mathematics, and science). The largest difference (p < 0.001) was observed between overweight (2.25 ± 0.22 s) and obese (2.68 ± 0.34 s) subjects for the 10 m sprint. The largest number of pairwise differences (5) was calculated for academic performance parameters. The differences ranged from p = 0.002 (mathematics: middle vs. highest) to p = 0.035 (science: middle vs. highest).

In contrast to the academic performance (all maxima in the middle group), the performance maxima concerning physical performance are distributed among the three groups (Table 3). Most of the maxima (5) were found for the middle group (parameters: Yo-Yo IR1, sprint 10 m, sprint 15 m, storck balance test, and agility T-half). The subjects of the highest group showed the highest performance for the medicine ball throw (5.16 ± 0.61 m) and handgrip force (30.1 ± 11.9 N).



Relationships Between Parameters

We did not find any relevant (r > 0.5) correlation between parameters of different dimensions (e.g., academic vs. physical performance; anthropometric vs. physical performance). The parameters medicine ball throw and handgrip force showed the highest interaction (r = 0.470) with each other. Regarding the differentiating parameter BMI, all product moment correlations were below r = 0.303 (95% CI: 0.071–0.504, medicine ball throw).




DISCUSSION

This study explored physical fitness and academic attainment differences in school students stratified by BMI. An initial outcome was that participants with the lowest BMI did not exhibit the greatest performance in any parameter. The middle group, however, displayed the greatest physical performance level in 5 of 7 parameters (71%), but differences only reached the p < 0.05 level for the 10 m sprint. Regarding academic performance, the middle-BMI group exhibited the greatest performance in all three parameters, particularly mathematics and science. There were no relevant relationships between both dimensions (i.e., physical vs. academic performance), and so we surmised no transfer effects were evident. In this context should be noted that a slightly increased BMI is an indication for acceleration in the sense of sexual maturity (i.e., biological maturation), with differences in anthropometrics due to various patterns in the growth spurt (Tanner, 1989). The growth spurt is generally preceded by a quick increase in body fatness, a phenomenon known as the “prepubertal fat wave” (Tanner, 1989). However, a highly significant variability in timing biological maturation can be reported between individuals of the same sex, resulting in early and late maturers (Tanner, 1989; Armstrong and McManus, 2011), which may imply a substantial difference in body mass and fat associated with sprint performance. As information about the biology maturation of the school students is missing, we must consider that some results (e.g., handgrip force and medicine ball throw) can be more a function of biology maturation than body composition alone. This could partly explain why the lowest and highest BMI groups performed worse in several tests. It could be that the highest and lowest BMI group were on different maturation trajectories (i.e., early or late maturers), and each physical fitness attribute peaks at different stages of maturation according to the peak height velocity (Towlson et al., 2021).


Physical Performance Data

During school physical education classes, short sprints, changes of direction, accelerations, and decelerations are fundamental abilities developed and utilized (Hermassi et al., 2021c). It is well-known that obesity is negatively associated with physical fitness. However, it has been reported that BMI is a poor surrogate for obesity (which is purportedly a disease of excessive fatness, although not if measured by BMI) in adolescents (Shang et al., 2010; Kruschitz et al., 2013; Hermassi et al., 2021d). We found significant group differences regarding 10 m sprint performance, and the largest difference was observed between the middle and highest BMI group (p < 0.001). This has implications for school student's success as they commonly sprint for ~10–30 m in game-defining epochs during physical education classes.

Most of the maximal values (5) were exhibited by the middle BMI group (parameters: Yo-Yo IR1, 10 m sprint, 15 m sprint, stock balance test, and agility T-half). The highest BMI group exhibited the greatest performance for the medicine ball throw and handgrip force. This is relatively unsurprising, as the highest BMI group would exhibit the greatest absolute volume of lean mass, which is a key determinant of muscle force (Bandini et al., 1990; Esmaeilzadeh and Ebadollahzadeh, 2012; Esmaeilzadeh and Kalantari, 2013). In this context, Esmaeilzadeh and Kalantari (2013) controlled for body fat mass and observed that in some physical fitness tests (such as sit and reach, standing long jump, and run speed tests), overweightness was associated with improved performance compared with underweight counterparts, indicating fat mass as a limiting factor for test performance. Results of Esmaeilzadeh and Kalantari (2013) indicated that underweight adolescents possessed the highest cardiorespiratory fitness among the weight statuses, but being underweight was related to poorer performance of some physical fitness tests (primarily related to muscle strength). It is possible that their poorer performance resulted from lower fat-free mass compared with that in normal and overweight counterparts, which was supported by these results when controlling for fat-free mass.



Academic Performance

We found relevant group differences regarding the academic performance parameters mathematics ([image: image] = 0.19) and science ([image: image] = 0.15). For Arabic language ([image: image] = 0.10), the group difference did not reach the level of relevance (p < 0.05 and [image: image] ≥ 0.15). Furthermore, the largest number of pairwise differences (5) was calculated for academic performance parameters. The differences ranged from p = 0.002 (mathematics: middle vs. highest) to p = 0.035 (science: middle vs. highest). These data corroborate previous cross-sectional studies that observed fitter students exhibited greater academic attainment (Davis and Cooper, 2011; Hraste et al., 2018). To date, some investigations reported an association between body composition (not part of our study) and academic performance (Sabia, 2007; Sigfúsdóttir et al., 2007; Shore et al., 2008). For example, our previous work demonstrated that a nonobese adolescent group had a higher mean academic performance than the obese group (Hermassi et al., 2021d). The observed difference between groups was markedly greater for mathematics ([image: image] = 0.367) than for science ([image: image] = 0.195).

It is well-known that adiposity has negative effects on cognition, learning, and memory (Li et al., 2008; Yu et al., 2009). However, weight-related bias or discrimination may further influence self-esteem and behavioral problems, mediating or moderating obese children's academic performance (Fowler-Brown et al., 2010; Griffiths et al., 2010). Uncertainty remains whether excess adiposity itself affects academic performance or if this effect is mediated by other factors observed in individuals with obesity. A systematic review noted a relationship between obesity, cognitive function, and academic attainment in adolescents (Kamijo et al., 2012). In this study, the highest group had poorer academic achievement, suggesting that being obese during adolescence has profound academic consequences. Paradoxically, other studies have observed no effect of obesity on academic achievement in children (Kwak et al., 2009; Van Dusen et al., 2011). Reasons for result divergence remain unclear, but differences in methods for quantifying obesity (i.e., body fat or BMI), participant characteristics, growth stages, or analysis procedures for academic attainment (Kwak et al., 2009; Ruiz et al., 2010) may explicate some ambiguity. Furthermore, if previous studies are interpreting results solely on the alpha level and using an arbitrary threshold of p < 0.05 with small sample sizes, it is possible these studies fell afoul of type II error. In this context, based on Cohen's thresholds (Cohen, 1988), the present magnitudes were classified as “small,” and thus the highest BMI group may only experience a small negative effect on academic performance, which may be missed by underpowered research studies. If studies use different analysis procedures for academic attainment, this may also explain differences in results as obesity is not associated with lower test scores (Datar and Sturm, 2006) but does associate with lower GPA (Li et al., 2008). This is puzzling, as one may assume lower test scores would result in lower GPA; however, it does emphasize (a) the importance of specifying how academic performance was quantified and (b) the multifactorial nature of how obesity associates with GPA, as it is clearly not simply a case of poorer test performance.



Limitations

Limitations of this investigation include not assessing sexual maturity (i.e., biological maturation) as growth spurt timing differences could influence BMI and relationships between BMI and physical fitness. A further limitation is that since the study was cross-sectional, it is difficult to attribute causality. For a wider interpretation and scope, it is necessary to involve female subjects. In addition, the parameter body fat should be assessed to distinguish between fat and lean mass. Finally, we did not use the generally accepted criteria for obesity and overweight. Instead of this, we divided the sample into tertiles based on BMI.




CONCLUSION

This study determined physical fitness and academic achievement in BMI-stratified obese and non-obese adolescents. Surprisingly, the middle BMI group (not the lowest group) displayed the highest physical and academic performance levels in most parameters. These data suggest that an excess body mass may have an impact on academic attainment in children. Conversely, students with higher academic performance may be more able to maintain a healthy body mass. Future studies utilizing the gold standard for body composition measures or lean mass measures (e.g., hydrostatic weighing or D3-creatine) and additional parameters (e.g., sexual maturation status and SES) are required to confirm our preliminary observations.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Qatar University's institutional review board (QU-IRB 1542-FBA/21) and the Ministry of Education and Higher Education Qatar (REF: 18/2021). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

SH and RS conceptualized the study and validated the manuscript. SH contributed to methodology, project administration, funding acquisition, visualization, formal analysis, investigation, resources, software, and wrote the original draft preparation. RS contributed to supervision and data curation. SH, NS-H, and LH contributed to writing, reviewing, and editing. All authors have read and agreed to the published version of the manuscript.



FUNDING

This work was jointly supported by Qatar University QUCG-CENG-22/23-522 (Collaborative Grant). The findings achieved herein are solely the responsibility of the authors.



ACKNOWLEDGMENTS

The authors wish to thank the “The Ministry of Education and Higher Education Qatar” for the administrative support. Special thanks to Lotfi ben Dhafer coordinator of Physical Education for his support during the experiment and the PE Teachers who participated in this study.



REFERENCES

 Al-Thani, M., Al-Thani, A., Alyafei, S., Al-Chetachi, W., Khalifa, S. E., Ahmed, A., et al. (2018). The prevalence and characteristics of overweight and obesity among students in Qatar. Public Health 160, 143–149. doi: 10.1016/j.puhe.2018.03.020

 Armstrong, N., and McManus, A. M. (2011). Exercise testing elite young athletes. Med. Sport Sci. 56, 106–125. doi: 10.1159/000320642

 Bandini, L. G., Schoeller, D. A., and Dietz, W. H. (1990). Energy expenditure in obese and non-obese adolescents. Pediatr. Res. 27, 198–203. doi: 10.1203/00006450-199002000-00022

 Barbosa, A., Whiting, S., Simmonds, P., Scotini Moreno, R., Mendes, R., and Breda, J. (2020). Physical activity and academic achievement: an umbrella review. Int. J. Environ. Res. Public Health 17, 5972. doi: 10.3390/ijerph17165972

 Berchicci, M., Pontifex, M. B., Drollette, E. S., Pesce, C., Hillman, C. H., and Di Russo, F. (2015). From cognitive motor preparation to visual processing: the benefits of childhood fitness to brain health. Neuroscience 298, 211–219. doi: 10.1016/j.neuroscience.2015.04.028

 Bortz, J. (1999). “basic principle of one-factorial analysis of variance”, in Statistics for Social Scientists (New York, Ny: Springer), 237–249.

 Cadenas-Sanchez, C., Migueles, J. H., Esteban-Cornejo, I., Mora-Gonzalez, J., Henriksson, P., Rodriguez-Ayllon, M., et al. (2020). Fitness, physical activity and academic achievement in overweight/obese children. J. Sports Sci. 38, 731–740. doi: 10.1080/02640414.2020.1729516

 Cohen, J. (1988). “The effect size,” in Statistical Power Analysis for the Behavioural Sciences (Abingdon: Taylor and Francis), 77–83.

 Datar, A., and Sturm, R. (2006). Childhood overweight and elementary school outcomes. Int. J. Obes. 30, 1449–1460. doi: 10.1038/sj.ijo.0803311

 Datar, A., Sturm, R., and Magnabosco, J. L. (2004). Childhood overweight and academic performance: national study of kindergartners and first-graders. Obes. Res. 12, 58–68. doi: 10.1038/oby.2004.9

 Davis, C. L., and Cooper, S. (2011). Fitness, fatness, cognition, behavior, and academic achievement among overweight children: do cross-sectional associations correspond to exercise trial outcomes? Prev. Med. 52, 65–69. doi: 10.1016/j.ypmed.2011.01.020

 Dinsa, G. D., Goryakin, Y., Fumagalli, E., and Suhrcke, M. (2012). Obesity and socioeconomic status in developing countries: a systematic review. Obes. Rev. 13, 1067–1079. doi: 10.1111/j.1467-789X.2012.01017.x

 Donnelly, J. E., Greene, J. L., Gibson, C. A., Sullivan, D. K., Hansen, D. M., Hillman, C. H., et al. (2013). Physical activity and academic achievement across the curriculum (A + PAAC): rationale and design of a 3-year, cluster-randomized trial. BMC Public Health 13, 307. doi: 10.1186/1471-2458-13-307

 El-Sayes, J., Harasym, D., Turco, C. V., Locke, M. B., and Nelson, A. J. (2019). Exercise-induced neuroplasticity: a mechanistic model and prospects for promoting plasticity. Neuroscientist 25, 65–85. doi: 10.1177/1073858418771538

 Esmaeilzadeh, S., and Ebadollahzadeh, K. (2012). Physical fitness, physical activity and sedentary activities of 7 to 11 year old boys with different Body Mass Indexes. Asian J. Sports Med. 3, 105–111. doi: 10.5812/asjsm.34709

 Esmaeilzadeh, S., and Kalantari, H. A. (2013). Physical fitness, physical activity, sedentary behavior and academic performance among adolescent boys in different weight statuses. Mediterr. J. Nutr. Metab. 6, 207–216. doi: 10.3233/s12349-013-0133-3

 Esteban-Cornejo, I., Tejero-Gonzalez, C. M., Martinez-Gomez, D., Cabanas Sanchez, V., Fernandez-Santos, J. R., Conde-Caveda, J., et al. (2014). Objectively measured physical activity has a negative but weak association with academic performance in children and adolescents. Acta Paediatr. 103, e501–e506. doi: 10.1111/apa.12757

 Etnier, J. L., and Landers, D. M. (1998). Motor performance and motor learning as a function of age and fitness. Res. Q. Exerc. Sport 69, 136–146. doi: 10.1080/02701367.1998.10607679

 Ezzati, M., Vander Hoorn, S., Lawes, C. M., Leach, R., James, W. P., Lopez, A. D., et al. (2005). Rethinking the “diseases of affluence” paradigm: global patterns of nutritional risks in relation to economic development. PLoS Med. 2, e133. doi: 10.1371/journal.pmed.0020133

 Fernandes, R. M., Correa, M. G., Dos Santos, M. A. R., Almeida, A., Fagundes, N. C. F., Maia, L. C., et al. (2018). The effects of moderate physical exercise on adult cognition: a systematic review. Front. Physiol. 9, 667. doi: 10.3389/fphys.2018.00667

 Fowler-Brown, A., Ngo, L., Phillips, R., and Wee, C. (2010). Adolescent obesity and future college degree attainment. Obesity 18, 1235–1241. doi: 10.1038/oby.2009.463

 GBD 2015 Risk Factors Collaborators (2016). Global, regional, and national comparative risk assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 388, 1659–1724. doi: 10.1016/S0140-6736(16)31679-8

 Gil-Espinosa, F. J., Chillón, P., Fernández-García, J. C., and Cadenas-Sanchez, C. (2020). Association of physical fitness with intelligence and academic achievement in adolescents. Int. J. Environ. Res. Public Health 18, 4362. doi: 10.3390/ijerph17124362

 Griffiths, L. J., Parsons, T. J., and Hill, A. J. (2010). Self-esteem and quality of life in obese children and adolescents: a systematic review. Int. J. Pediatr. Obes. 5, 282–304. doi: 10.3109/17477160903473697

 Hales, C. M., Carroll, M. D., Fryar, C. D., and Ogden, C. L. (2015). Prevalence of obesity among adults and youth: United States, 2015-2016. NCHS Data Brief 288, 1–8.

 Harrington, D. M., Staiano, A. E., Broyles, S. T., Gupta, A. K., and Katzmarzyk, P. T. (2013). BMI percentiles for the identification of abdominal obesity and metabolic risk in children and adolescents: evidence in support of the CDC 95th percentile. Eur. J. Clin. Nutr. 67, 218–222. doi: 10.1038/ejcn.2012.203

 Hermassi, S., Chelly, M. S., Michalsik, L. B., Sanal, N. E. M., Hayes, L., and Cadenas-Sanchez, C. (2021b). Relationship between fatness, physical fitness, and academic performance in normal weight and overweight schoolchild handball players in Qatar State. PLoS ONE 16, e0246476. doi: 10.1371/journal.pone.0246476

 Hermassi, S., Hayes, L. D., Bragazzi, N. L., and Schwesig, R. (2021a). Physical fitness and academic performance in normal weight, overweight, and obese schoolchild handball players in Qatar: a pilot study. Front. Psychol. 11, 616671. doi: 10.3389/fpsyg.2020.616671

 Hermassi, S., Hayes, L. D., and Schwesig, R. (2021d). Differences in fitness and academic attainment between obese, and non obese school-age adolescent handball players: an explorative, cross-sectional study. Appl. Sci. 11, 4185. doi: 10.3390/app11094185

 Hermassi, S., van den Tillaar, R., Bragazzi, N. L., and Schwesig, R. (2021c). The associations between physical performance and anthropometric characteristics in obese and non-obese schoolchild handball players. Front. Physiol. 11, 580991. doi: 10.3389/fphys.2020.580991

 Hesketh, K., Wake, M., and Waters, E. (2004). Body mass index and parent-reported self-esteem in elementary school children: evidence for a causal relationship. Int. J. Obes. Relat. Metab. Disord. 28, 1233–1237. doi: 10.1038/sj.ijo.0802624

 Hopker, J., Myers, S., Jobson, S. A., Bruce, W., and Passfield, L. (2010). Validity and reliability of the Wattbike cycle ergometer. Int. J. Sports Med. 31, 731–736. doi: 10.1055/s-0030-1261968

 Hopkins, W. (2000). Measures of reliability in sports medicine and science. Sports Med. 30, 1–15. doi: 10.2165/00007256-200030010-00001

 Hraste, M., De Giorgio, A., Jelaska, P. M., Padulo, J., and Granić, I. (2018). When mathematics meets physical activity in the school-aged child: the effect of an integrated motor and cognitive approach to learning geometry. PLoS ONE 13, e0196024. doi: 10.1371/journal.pone.0196024

 Kamijo, K., Khan, N. A., Pontifex, M. B., Scudder, M. R., Drollette, E. S., Raine, L. B., et al. (2012). The relation of adiposity to cognitive control and scholastic achievement in preadolescent children. Obesity 20, 2406–2411. doi: 10.1038/oby.2012.112

 Kao, S. C., Westfall, D. R., Parks, A. C., Pontifex, M. B., and Hillman, C. H. (2017). Muscular and aerobic fitness, working memory, and academic achievement in children. Med. Sci. Sports Exerc. 49, 500–508. doi: 10.1249/MSS.0000000000001132

 Keeley, T. J. H., and Fox, K. R. (2009). The impact of physical activity and fitness on academic achievement and cognitive performance in children. Int. Rev. Sport Exerc. Psychol. 2, 198–214. doi: 10.1080/17509840903233822

 Kelsey, M. M., Zaepfel, A., Bjornstad, P., and Nadeau, K. J. (2014). Age-related consequences of childhood obesity. Gerontology 60, 222–228. doi: 10.1159/000356023

 Khan, N. A., and Hillman, C. H. (2014). The relation of childhood physical activity and aerobic fitness to brain function and cognition: a review. Pediatr. Exerc. Sci. 26, 138–146. doi: 10.1123/pes.2013-0125

 Kolbe, L. J. (2002). Education Reform and the Goals of Modern School Health Programs. Educ. Stand. 3, 4–11.

 Kruschitz, R., Wallner-Liebmann, S. J., Hamlin, M. J., Moser, M., Ludvik, B., Schnedl, W. J., et al. (2013). Detecting body fat-A weighty problem BMI versus subcutaneous fat patterns in athletes and non-athletes. PLoS ONE 26, e72002. doi: 10.1371/journal.pone.0072002

 Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., et al. (2003). The yo-yo intermittent recovery test: physiological response, reliability, and validity. Med. Sci. Sports Exerc. 35, 697–705. doi: 10.1249/01.MSS.0000058441.94520.32

 Kwak, L., Kremers, S. P., Bergman, P., Ruiz, J. R., Rizzo, N. S., and Sjöström, M. (2009). Associations between physical activity, fitness, and academic achievement. J. Pediatr. 155, 914–918. doi: 10.1016/j.jpeds.2009.06.019

 Li, Y., Dai, Q., Jackson, J. C., and Zhang, J. (2008). Overweight is associated with decreased cognitive functioning among school-age children and adolescents. Obesity 16, 1809–1815. doi: 10.1038/oby.2008.296

 Longo, M., Zatterale, F., Naderi, J., Parrillo, L., Formisano, P., Raciti, G. A., et al. (2019). Adipose tissue dysfunction as determinant of obesity-associated metabolic complications. Int. J. Mol. Sci. 20, 2358. doi: 10.3390/ijms20092358

 Malecka-Tendera, E., and Mazur, A. (2006). Childhood obesity: a pandemic of the twenty-first century. Int. J. Obes. 30, S1–S3. doi: 10.1038/sj.ijo.0803367

 Mandolesi, L., Polverino, A., Montuori, S., Foti, F., Ferraioli, G., Sorrentino, P., et al. (2018). Effects of physical exercise on cognitive functioning and wellbeing: biological and psychological benefits. Front. Psychol. 27, 9–509. doi: 10.3389/fpsyg.2018.00509

 Martin, A., Booth, J. N., Laird, Y., Sproule, J., Reilly, J. J., and Saunders, D. H. (2018). 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. 1, CD009728. doi: 10.1002/14651858.CD009728.pub3

 Martin, A., Saunders, D. H., Shenkin, S. D., and Sproule, J. (2014). Lifestyle intervention for improving school achievement in overweight or obese children and adolescents. Cochrane Database Syst. Rev. 14, CD009728. doi: 10.1002/14651858.CD009728.pub2

 Miller, D. (2002). Measurement by the Physical Educator: Why and How? Madison, WI: Brown and Benchmark.

 Murray, N. G., Low, B. J., Hollis, C., Cross, A. W., and Davis, S. M. (2007). Coordinated school health programs and academic achievement: a systematic review of the literature. J. Sch. Health 77, 589–601. doi: 10.1111/j.1746-1561.2007.00238.x

 NCD Risk Factor Collaboration (NCD-RisC). (2017). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128·9 million children, adolescents, and adults. Lancet 16, 2627–2642. doi: 10.1016/S0140-6736(17)32129-3

 Negrete, R. J., Hanney, W. J., Kolber, M. J., Davies, G. J., Ansley, M. K., McBride, A. B., et al. (2010). Reliability, minimal detectable change, and normative values for tests of upper extremity function and power. J. Strength Cond. Res. 24, 3318–3325. doi: 10.1519/JSC.0b013e3181e7259c

 Novello, A. C., Degraw, C., and Kleinman, D. (1992). Healthy children ready to learn: an essential collaboration between health and education. Public Health Rep. 107, 3–15.

 Padulo, J., Bragazzi, N. L., De Giorgio, A., Grgantov, Z., Prato, S., and Ardigò, L. P. (2019). The Effect of physical activity on cognitive performance in an Italian elementary school: insights from a pilot study using structural equation modeling. Front. Physiol. 10, 202. doi: 10.3389/fphys.2019.00202

 Popkin, B. M., and Doak, C. M. (1998). The obesity epidemic is a worldwide phenomenon. Nutr. Rev. 56, 106–114. doi: 10.1111/j.1753-4887.1998.tb01722.x

 Portney, L. G., and Watkins, M. P. (2009). Foundations of Clinical Research: Applications to Practice, 3rd Edn. Upper Saddle River, NJ: Pearson Prentice Hall.

 Raghuveer, G., Hartz, J., Lubans, D. R., Takken, T., Wiltz, J. L., Mietus-Snyder, M., et al. (2020). American heart association young hearts athero, hypertension and obesity in the young committee of the council on lifelong congenital heart disease and heart health in the young. Cardiorespiratory fitness in youth: an important marker of health: a scientific statement from the american heart association. Circulation 142, e101–e118. doi: 10.1161/CIR.0000000000000866

 Raine, L. B., Lee, H. K., Saliba, B. J., Chaddock-Heyman, L., Hillman, C. H., and Kramer, A. F. (2013). The influence of childhood aerobic fitness on learning and memory. PLoS ONE 8, e72666. doi: 10.1371/journal.pone.0072666

 Rauner, R. R., Walters, R. W., Avery, M., and Wanser, T. J. (2013). Evidence that aerobic fitness is more salient than weight status in predicting standardized math and reading outcomes in fourth- through eighth-grade students. J. Pediatr. 163, 344–348. doi: 10.1016/j.jpeds.2013.01.006

 Reinert, K. R., Po'e, E. K., and Barkin, S. L. (2013). The relationship between executive function and obesity in children and adolescents: a systematic literature review. J. Obes. 2013, 820956. doi: 10.1155/2013/820956

 Richardson, J. T. E. (2011). Eta squared and partial eta squared as measures of effect size in educational 416 research. Educ. Res. Rev. 6, 135–147. doi: 10.1016/j.edurev.2010.12.001

 Ruff, R. R., Senthi, S., Susser, S. R., and Tsutsui, A. (2019). Oral health, academic performance, and school absenteeism in children and adolescents: a systematic review and meta-analysis. J. Am. Dent. Assoc. 150, 111–121.e4. doi: 10.1016/j.adaj.2018.09.023

 Ruiz, J. R., Ortega, F. B., Castillo, R., Martin-Matillas, M., Kwak, L., and Vicente-Rodríguez, G. (2010). Physical activity, fitness, weight status, and cognitive performance in adolescents. J. Pediatr. 157, 917–922. doi: 10.1016/j.jpeds.2010.06.026

 Sabia, J. J. (2007). The effect of body weight on adolescent academic performance. South. Econ. J. 73, 871–900. doi: 10.1002/j.2325-8012.2007.tb00809.x

 Sahoo, K., Sahoo, B., Choudhury, A. K., Sofi, N. Y., Kumar, R., and Bhadoria, A. S. (2015). Childhood obesity: causes and consequences. J. Family Med. Prim. Care 4, 187–192. doi: 10.4103/2249-4863.154628

 Santana, C. C. A., Hill, J. O., Azevedo, L. B., Gunnarsdottir, T., and ánd Prado, W. L. (2017). The association between obesity and academic performance in youth: a systematic review. Obes. Rev. 18, 1191–1199. doi: 10.1111/obr.12582

 Sassi, R. H., Dardouri, W., Yahmed, M. H., Gmada, N., Mahfoudhi, M. E., and Gharbi, Z. (2009). Relative and absolute reliability of a modified agility T-test and its relationship with vertical jump and straight sprint. J. Strength Cond. Res. 23, 1644–1651. doi: 10.1519/JSC.0b013e3181b425d2

 Schoenbaum, M., and Waidmann, T. (1997). Race, socioeconomic status and health: accounting for race differences in health in the U.S. elderly. J. Gerontol. B. Psychol. Sci. Soc. Sci. 52, 61–73. doi: 10.1093/geronb/52B.Special_Issue.61

 Schrama, P. P., Stenneberg, M. S., Lucas, C., and van Trijffel, E. (2014). Intraexaminer reliability of hand-held dynamometry in the upper extremity: a systematic review. Arch. Phys. Med. Rehabil. 95, 2444–2469. doi: 10.1016/j.apmr.2014.05.019

 Shang, X., Liu, A., Li, Y., Hu, X., Du, L., Ma, J., et al. (2010). The association of weight status with physical fitness among Chinese children. Int. J. Pediatr. 2010, 515414. doi: 10.1155/2010/515414

 Shore, S. M., Sachs, M. L., Lindicker, J. R., Brett, S. N., Wright, A. R., and Libonati, J. R. (2008). Decreased scholastic achievement in overweight middle school students. Obesity 16, 1535–1538. doi: 10.1038/oby.2008.254

 Shrout, P. E., and Fleiss, J. L. (1979). Intraclass correlations: uses in assessing rater reliability. Psychol. Bull. 86, 420–428. doi: 10.1037/0033-2909.86.2.420

 Sigfúsdóttir, I. D., Kristijánsson, A. L., and Allegrante, J. P. (2007). Health behavior and academic achievement in Icelandic school children. Health Edu. Res. 22, 70–80. doi: 10.1093/her/cyl044

 Stillman, C. M., Cohen, J., Lehman, M. E., and Erickson, K. I. (2016). Mediators of physical activity on neurocognitive function: a review at multiple levels of analysis. Front. Hum. Neurosci. 10, 626. doi: 10.3389/fnhum.2016.00626

 Tanner, J. M. (1989). Fetus into Man: Physical Growth from Conception to Maturity. Cambridge: Harvard University Press.

 Taras, H., and Potts-Datema, W. (2005). Obesity and student performance at school. J. Sch. Health 75, 291–295. doi: 10.1111/j.1746-1561.2005.00040.x

 Torrijos-Niño, C., Martínez-Vizcaíno, V., Pardo-Guijarro, M. J., García-Prieto, J. C., Arias-Palencia, N. M., and Sánchez-López, M. (2014). Physical fitness, obesity, and academic achievement in schoolchildren. J. Pediatr. 165, 104–109. doi: 10.1016/j.jpeds.2014.02.041

 Towlson, C., Salter, J., Ade, J. D., Enright, K., Harper, L. D., Page, R. M., et al. (2021). Maturity-associated considerations for training load, injury risk, and physical performance in youth soccer: one size does not fit all. J. Sport Health Sci. 10, 403–412. doi: 10.1016/j.jshs.2020.09.003

 Tremblay, M. S., Inman, J. W., and Willms, J. D. (2000). The relationship between physical activity, self-esteem, and academic achievement in 12-year-old Children. Pediatr. Exerc. Sci. 12, 312–324. doi: 10.1123/pes.12.3.312

 Trudeau, F., and Shephard, R. J. (2008). Physical education, school physical activity, school sports and academic achievement. Int. J. Behav. Nutr. Phys. Act. 5, 10. doi: 10.1186/1479-5868-5-10

 Van Dusen, D. P., Kelder, S. H., Kohl, H. W., Ranjit, N., and Perry, C. L. (2011). Associations of physical fitness and academic performance among schoolchildren. J. Sch. Health 81, 733–740. doi: 10.1111/j.1746-1561.2011.00652.x

 Veronese, N., Facchini, S., Stubbs, B., Luchini, C., Solmi, M., Manzato, E., et al. (2017). Weight loss is associated with improvements in cognitive function among overweight and obese people: a systematic review and meta-analysis. Neurosci. Biobehav. Rev. 72, 87–94. doi: 10.1016/j.neubiorev.2016.11.017

 Wang, J., D'Amato, A., Bambrough, J., Swartz, A. M., and Miller, N. E. (2016). A positive association between active lifestyle and hemispheric lateralization for motor control and learning in older adults. Behav. Brain Res. 314, 38–44. doi: 10.1016/j.bbr.2016.07.048

 Weiß, C. (2002). Basiswissen Medizinische Statistik. 2nd Edn. Berlin: Springer, 220.

 Yu, Z. B., Han, S. P., Cao, X. G., and Guo, X. E. (2009). Intelligence in relation to obesity: a systematic review and meta-analysis. Obesity 11, 656–670. doi: 10.1111/j.1467-789X.2009.00656.x

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Hermassi, Hayes, Sanal-Hayes and Schwesig. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/inline_18.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Differences in Health-Related Physical Fitness and Academic School Performance in Male Middle-School Students in Qatar: A Preliminary Study



		Introduction



		Materials and Methods



		Participants



		Procedures and Evaluations







		Day 1



		Anthropometry



		The Yo-Yo Intermittent Recovery Test Level 1







		Day 2



		Static Balance Performance







		Day 3



		Sprint Tests



		Handgrip Strength Test







		Day 4



		Change of Direction (T-Half Test)



		Medicine Ball Throw



		Academic Performance



		Statistical Analysis







		Results



		Intrarater Reliability



		Normal Distribution and Variance Homogeneity



		Age and Anthropometric Data



		Physical Performance Academic Performance Data



		Relationships Between Parameters







		Discussion



		Physical Performance Data



		Academic Performance



		Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/inline_17.gif





OPS/images/inline_3.gif





OPS/images/inline_2.gif





OPS/images/inline_16.gif





OPS/images/inline_15.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychology





OPS/images/inline_10.gif





OPS/images/inline_11.gif





OPS/images/fpsyg-13-791337-t003.jpg
Lowestgroup (1=21)  Middle group (1=23)  Highest group (n = 25) ANOVA Significant partial effects

P n? P
Physical performance parameters
Yo-Yo IR 1 (m) 480 £ 185 628 + 281 532+ 184 0.086 0.07 -
Medicine ball throw (m) 4.96+0.68 464 0,67 516 0.61 0027 010  Middie vs. highest: 0.023
Agilty T-half (5) 858 1.07 803 1.05 866 1.55 0.187 005 .
Stork balance test (5) 445227 516258 435+ 230 0456 002 -
Handgrip force (N) 27.4 956 26.0+8.28 30.1 % 11.9 0357 003 -
Sprint 10m (5) 253034 225022 268034 <0001 026  Lowestvs. middie:0.012
Middle vs. highest: <0.001
Sprint 15m (5) 324038 311034 325029 0287 004 -
Academic performance parameters
Arabic 77.0+9.31 84.4+9.02 79.7 £ 9.41 0029 010  Lowestvs. midde: 0.028
Mathematics 81.0+£8.26 87.3+4.73 80.8 £ 5.79 0.001 0.19 Lowest vs. middle: 0.005
Middle vs. highest: 0.002
Science 776 +£102 85.0 +5.81 79.2 +6.86 0.005 0.15 Lowest vs. middle: 0.007

Middle vs. highest: 0.035

Values are given as mean + SD. Significant effects (main effect criteria: p < 0.05 and 52 > 0.15) marked in bold.





OPS/images/inline_1.gif





OPS/images/inline_14.gif





OPS/images/inline_12.gif





OPS/images/inline_13.gif





OPS/images/cover.jpg
’ frontiers
in Psychology

Differences in Health-Related
Physical Fitness and Academic
School Performance in Male
Middle-School Students in Qatar: A
Preliminary Study





OPS/images/fpsyg-13-791337-t001.jpg
Test

10m sprint (s)

15 m sprint (s)

Agiity T-half test (s)
Medicine ball throw ()
Stork balance test (s)
Handgrip force (N)

‘Session one mean * SD

2614036
3.15£0.35
8.40 £ 1.67
4.95 £ 0.80
46.1£22.2
206+ 123

Session two mean * SD

2.63+037
3.18£0.35
8.63+ 1.70
4.80 £ 0.80
426+ 15.0
282+ 123

1CC (95% CI)

1.00 (0.99-1.00)
1.00 (0.98-1.00)
1.00 (0.98-1.00)
0.97 (0.90-0.99)
0.87 (0.70-0.95)
1.00 (0.78-1.00)

CV (%) (95% CI)

0.6(0.4-0.9)
0.7(0.5-1.1)
1.6(1.2-25)
37(2.8-58)

13.9(10.9-23.6)
2.0(15-3.1)

Descriptive statistics [mean = standard deviation (SD)] and intrarater reliability are presented for each test. Intraclass correlation coefficient (ICC) = 0.75 and coefficient of variation (CV)

< 10% marked in bold.
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Lowest group (n = 21) Middle group (n = 23) Highest group (n = 25)

Age (years) 12,6+ 081 1283 £0.70 12.3+0.68
Anthropometric parameters.

Body height (m) 1,68+ 006 1.61£009 1.68+£008
Body mass (kg) 537 £ 5.7 57.3+620 63,6+ 6.47
BMI (kg/m?) 191+ 1.46 221 4£1.90 2656 +2.28

Values are given as mean + SD. Significant effects (main effect criteria: p < 0.05 and n2 > 0.15) marked in bold.

ANOVA

0.344

<0.001

<0.001

<0.001

p

0.08

0.24

0.33

0.66

Significant partial effects

P

Lowest vs. middle: 0.012
Middle vs. highest: <0.001
Highest vs. midde: 0.002
Highest vs. lowest: <0.001
Lowest vs. middle: <0.001
Lowest vs. highest: <0.001
Middle vs. highest: <0.001
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