
applied  
sciences

Article

Differences in Fitness and Academic Attainment between
Obese, and Non Obese School-Age Adolescent Handball
Players: An Explorative, Cross-Sectional Study

Souhail Hermassi 1,* , Lawrence D. Hayes 2 and René Schwesig 3

����������
�������

Citation: Hermassi, S.; Hayes, L.D.;

Schwesig, R. Differences in Fitness

and Academic Attainment between

Obese, and Non Obese School-Age

Adolescent Handball Players: An

Explorative, Cross-Sectional Study.

Appl. Sci. 2021, 11, 4185. https://

doi.org/10.3390/app11094185

Academic Editor: Mark King

Received: 17 March 2021

Accepted: 29 April 2021

Published: 4 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Physical Education Department, College of Education, Qatar University, Doha 2713, Qatar
2 School of Health and Life Sciences, University of the West of Scotland, Glasgow G72 0LH, UK;

Lawrence.Hayes@uws.ac.uk
3 Department of Orthopaedic and Trauma Surgery, Martin-Luther-University Halle-Wittenberg,

06120 Halle, Germany; rene.schwesig@uk-halle.de
* Correspondence: shermassi@qu.edu.qa

Featured Application: This investigation observed differences in physical fitness and academic
attainment between body fat-stratified adolescent team handball players. The findings suggest
that physical fitness and obesity status in school-age adolescent handball players are important
for health, but also for academic achievement. Physical educators, teaching staff, and school
administrators should be aware that promoting a healthier lifestyle and reducing adiposity may
improve dimensions of academic performance.

Abstract: This study investigated differences in physical fitness and academic attainment in obese
and non-obese adolescent handball players. A total of 31 males (age: 15.5 ± 1.2 years; body
mass: 77.8 ± 17.7 kg; height: 1.71 ± 0.10 m; body mass index (BMI): 26.8 ± 6.9 kg/m2; body
fat: 26.4 ± 6.34%) from the Qatar handball first division participated and were divided into two body
fat percentage (%BF) groups (i.e., obese or non-obese). Anthropometrics (height, mass, BMI, and
%BF) and physical performance testing ability (T-half test for change-of-direction (COD); squat jump
(SJ), countermovement jump (CMJ), and 10 and 15 m sprints; medicine ball throw (MBT), and aerobic
capacity (Yo-Yo Intermittent Recovery Test level 1 (Yo-Yo IR1)) were determined. Academic attain-
ment was determined through grade point averages (GPA). Non-obese participants had superior
performances in mathematics (p < 0.001) and science (p = 0.013), agility T-half test (p = 0.001), CMJ
(p < 0.001), and 15 m sprint (p = 0.019). Correlations were found between T-half test and mathematics
(r = 0.500) and science (r = 0.484). To conclude, obese school-age handball players have poorer fitness
and academic performances than normal body weight adolescents.

Keywords: team sport; anthropometrics; achievement; youth players; academic performance

1. Introduction

Adolescent obesity and low physical fitness remain public health challenges in devel-
oped countries because they increase cardiovascular disease risk and premature mortal-
ity [1–4]. Adolescence is a period of substantial physical and cognitive development [2,3].
In this context, academic achievement is declining year-over-year, with a concomitant
decrease in physical health [5,6]. Academic achievement and physical health are often
discussed separately, yet obesity is associated with negative neurocognitive outcomes [7].
Positive relationships between physical activity levels and cognitive abilities, including
memory, executive function, attention, processing speed, and language processing are
reported in adolescents [8–10]. These findings are important since appropriate cognitive
functioning enables adaptation to the environment and contributes to appropriate psy-
chosocial development and mental health [11–14]. These cognitive outcomes are clearly
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mailable, as a recent meta-analysis of 20 studies reported weight loss improved perfor-
mance across several cognitive domains [15].

Excess body fat, typically determined using body mass index (BMI) as a surrogate
for fatness, is a major public health challenge [16]. Being overweight (BMI: 25–29 kg/m2)
or obese (BMI: >30 kg/m2) is associated with poorer academic performance [17], and
obese adolescents exhibit poorer attention, memory, executive function, and motor skills
than non-obese peers and have a lower intelligence quotient (IQ) [18]. Physical fitness
is conceivably an indicator of children’s and adolescents’ health, with cardiorespiratory
fitness, muscular strength, and speed–agility being the primary outcomes [18]. Obesity
exerts a negative effect on physical fitness, influencing several fitness variables when
normalized to body mass (e.g., relative maximal oxygen uptake or power-to-mass) [18].

Considerable research has focused on the positive relationship between cardiorespira-
tory fitness and academic attainment [13,19,20]. Less investigated is the association of other
fitness components such as agility, strength, and power with academic achievement [13].
Kao et al. [21] emphasized the value of exploring associations between cognitive health
and muscular fitness.

Substantial evidence exists for the association between academic attainment and
physical fitness [22–24], evidencing justification for increased physical fitness in adolescents
to improve academic performance. Yet, few investigations concerned the association
between obesity classification, academic achievement, and standardized fitness assessment
test performance [17,22,25]. Many studies indicated more physically active children achieve
superior academic attainment than less physically active children [26]. However, direct
measures of fitness like muscle strength or speed were investigated less, with calls for
additional research in this field [21]. A difficulty in this research area is with conflating
physical activity and fitness. One risk mitigation strategy is to use one sports team, as
physical activity patterns would be similar due to ubiquitous training volumes and closely
matched intensities.

In 11–19-year-old athletes, 13% were obese when stratified by BMI vs. 6% based on
percentage body fat (%BF) [27]. This means 62% were classified as false positives when
using BMI as diagnostic criteria [27]. Moreover, 10% of rugby-playing boys were deemed
overweight according to %BF percentiles [28]. These investigations showed a significant
proportion of youth athletes categorized as overweight or obese utilizing %BF as criteria.
Despite handball being a popular sport in European countries [29], no investigation has
concerned the prevalence of excess body weight in adolescent male handball players and
the effect on academic achievement and physical fitness in a sample of adolescent Qatari
handball players.

Taken together, an examination of fitness components and the relationship with
academic performance within one study is needed, as this could have implications for long-
term athletic development (LTAD) [30,31]. Therefore, this investigation examined academic
attainment (e.g., science and mathematics) and physical fitness in obese and non-obese
adolescent handball players in Qatar. The primary aim was to identify physical fitness and
academic attainment in young handball players stratified based on %BF-determined obesity.
A secondary aim was to examine interactions between physical fitness, %BF, and academic
attainment. We hypothesized a priori that differences in physical fitness and academic
achievement would be apparent between obese and non-obese adolescent handball players.
In addition, we hypothesized an association between fitness and academic performance
would be present.

2. Materials and Methods
2.1. Experimental Approach to the Problem

The investigation was conducted from January to February 2021 during an in-season pe-
riod. Testing was performed at the time on a standard indoor handball court (from 6:00 p.m.
to 8:00 p.m.), under comparable environmental conditions (temperature: 22.5 ± 0.5 ◦C;
relative humidity: 60 ± 5%), ≥3 days after a competitive match to allow for recovery. Par-
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ticipants were advised to maintain habitual dietary intake and avoid caffeine-containing
beverages for 4 h prior to testing. Participants arrived for testing >2 h prandial. Partici-
pants abstained from vigorous physical activity for 24 h before testing. Assessments were
performed over four days in the same sequence to cause similar order effects. On the first
day, anthropometric measurements and jump tests (squat jump (SJ) and countermovement
jump (CMJ)) were completed. On the second day, sprint tests were completed; on the
third day, agility T-Half test and medicine ball throw (MBT) were completed, and on the
fourth and final day, the Yo-Yo IR1 test was conducted. Approximately two weeks later,
assessments from day 1 to day 3 were repeated for test-retest reliability determination, with
the second data set considered for analysis. Body composition measurements and Yo-Yo
IR1 were conducted once due to time constraints and participant availability.

2.2. Subjects

We work continuously with youth handball players to provide scientific support to
inform training methods. Therefore, nonprobabilistic convenience sampling was utilized
within this study [32]. A total of 31 male adolescent handball players (age: 15.5 ± 1.2 years;
body mass: 77.8 ± 17.7 kg; height: 1.71 ± 0.10 m; BMI: 26.8 ± 6.9 kg/m2; body fat:
26.4 ± 6.34%; non-obese: n = 17, obese: n = 14) from the Qatar first division with a playing
experience of 5.05 ± 0.94 years participated. Backs or wings composed 77% (n = 24) of all
players (1 playmaker, 3 goalkeepers; 3 pivots; 17 backs; 7 wings). There were six left-handed
(non-obese: n = 3) players and 23 right-handed players (non-obese: n = 14). Regarding play-
ing positions (Chi-Squared: 2.747, p = 0.601) and being left or right-handed (Chi-Squared:
0.070, p = 0.791), no significant group difference was detected. Participants did not exhibit
any injuries for four weeks before the study, and players trained 5.1 ± 0.05 h·week−1 and
routinely competed in one competitive match per week. Prior to the study, participants
and/or guardians gave written informed consent or assent in accordance with the Declara-
tion of Helsinki. This investigation was granted ethical approval by the university’s review
board (QU-IRB 1163-EA/19).

2.3. Testing Schedule
2.3.1. Anthropometry

All anthropometry was previously described [33,34] and published open access.
Briefly, mass, status, and BMI were determined sing standard techniques. %BF was
determined by the four-site skinfold method with Harpenden calipers and age-specific
Durnin–Womersley equations [35]. Cutoff values specific to those aged ≤17 years (i.e.,
31% %BF for obesity) were used to define obese and non-obese [36].

2.3.2. Physical Performance

All physical performance was previously described [33] and published open access,
so methods are described briefly to avoid replication.

Squat (SJ) and Counter Movement Jump (CMJ) Tests

SJ and CMJ were assessed with photoelectronic cells from contact time and flight time
with an accuracy of 1 kHz.

Sprint Tests

From standing, participants sprinted 15 m. Paired photocells recorded times at 15 m
and 30 m.

Ability to Change Direction (T-Half Tests)

T-Half test [37] data were determined using electronic timing sensors.

Medicine Ball Overhead Throw

MBTs [38] were completed with a 3 kg medicine ball with a diameter of 21.5 cm.

The Yo-Yo Intermittent Recovery Test Level 1 (Yo-Yo IR1)
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The Yo-Yo IR1 test was completed as previously described [39]. Participants completed
20 min shuttle runs at increasing velocities until exhaustion, interspersed by 10 s active
recovery. Trials were stopped if subjects did not reach the front line in time twice or felt
unable to maintain required speed.

2.3.3. Academic Attainment

Academic attainment was obtained via internal records from the school. Grade Point
Average (GPA) and percentage scores in science and mathematics were acquired from the
first semester of the 2020–2021 academic year. Two academic subjects were incorporated as
a result of our interest in science-related disciplines as fitness is particularly important for
subjects with a reliance on executive cognition [40].

2.4. Statistical Analysis

All analysis was performed on a Statistical Package for the Social Sciences (SPSS)
version 25.0 (IBM, Armonk, NY, USA). The intraclass correlation coefficient (ICC) and the
coefficient of variation (CV) described test-retest reliability [41]. Reliability was based on
previously reported guidelines [42–45].

A power calculation (nQuery Advisor 4.0; Statistical Solutions, Saugus, MA, USA)
showed n = 7 in each group; we detected a mean difference of 3.0 cm in CMJ height using a
two-sided t-test with α level of 0.05 and a pooled standard deviation (SD) of 2.0 cm, with a
statistical power of 0.8 [46].

Data were tested for normal distribution (Shapiro–Wilk Test) and homogeneity of vari-
ance (Levene’s Test). Anthropometric and performance differences between %BF groups
were examined by one-way analysis of variance (ANOVA). We considered differences
meaningful if p < 0.05, partial eta-squared (ηp

2) > 0.15, and observed power >0.60 [46,47]
to avoid overestimation of differences. Pairwise comparisons were conducted using T-tests
with Bonferroni correction (0.05/17, or p = 0.003) to protect against Type I error [46].

To determine relationships between academic, anthropometric, and fitness variables,
we used Pearson’s product moment correlation coefficients (r), which were interpreted
using Cohen’s thresholds [48].

3. Results
3.1. Intrarater Reliability

All six fitness tests had excellent relative reliability (ICC ≥ 0.75). ICC ranged from
0.94 (30 m sprint) to 1.00 (agility T-half test). All variables had excellent absolute reliability,
with CV < 10% (as illustrated in Table 1).

Table 1. Physical fitness tests obtained from two sessions two weeks apart (n = 31). 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% are highlighted in bold.

Test Session One Mean ± SD Session Two Mean ± SD ICC (95% CI) CV (%) (95% CI)

15 m sprint (s) 2.75 ± 0.29 2.81 ± 0.29 0.98 (0.82–0.99) 1.9 (1.4–2.8)
30 m sprint (s) 5.07 ± 0.75 5.03 ± 0.77 0.94 (0.88–0.97) 6.9 (5.4–10.7)

Agility T-half test (s) 7.10 ± 0.58 7.13 ± 0.58 1.00 (0.99–1.00) 0.4 (0.3–0.5)
CMJ (cm) 34.8 ± 5.32 33.6 ± 5.33 0.99 (0.31–1.00) 1.4 (1.1–2.1)

SJ (cm) 30.8 ± 7.43 30.1 ± 7.31 0.98 (0.96–0.99) 1.1 (0.8–1.6)
Medicine ball throw (m) 7.92 ± 0.90 7.76 ± 0.93 0.98 (0.89–1.00) 1.2 (0.9–1.8)

3.2. Normal Distribution and Variance Homogeneity

Only six variables (age: p = 0.002; bicipital skinfold: p = 0.020; suprailiac: p = 0.025; Yo-
Yo IR1: p = 0.010; mathematics: p = 0.003; science: p = 0.028) were not normally distributed.
Four parameters (mass: p = 0.036; %BF: p = 0.033; mathematics: p = 0.026, SJ: p < 0.001) were
heterogenous in variance. Otherwise, all p-values were > 0.053 (BMI), indicating variance
of other variables was heterogenous.
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3.3. Age and Anthropometric Data

Except for height (p = 0.382, ηp
2 = 0.027) and age (p = 0.836, ηp

2 = 0.002), all variables
were significant different between groups (as illustrated in Table 2). The greatest difference
was observed for subscapular skinfold (p < 0.001, ηp

2 = 0.770), suprailiac skinfold (p < 0.001,
ηp

2 = 0.770), body fat (p < 0.001, ηp
2 = 0.766), and tricipital skinfold (p < 0.001, ηp

2 = 0.697).

Table 2. Comparison of age and anthropometric parameters between two groups. Data are presented as mean ± standard
deviation. Meaningful effects (criteria: p < 0.05 and ηp

2 > 0.15 and observed power >0.60) marked in bold.

Non-Obese
(n = 17)

Obese
(n = 14) Observed Power

ANOVA

p ηp
2

Age (years) 15.4 ± 1.33 15.5 ± 0.94 0.055 0.836 0.002
Anthropometric parameters

Body height (m) 1.73 ± 0.11 1.69 ± 0.08 0.138 0.382 0.027
Body mass (kg) 70.3 ± 13.4 86.9 ± 18.4 0.802 0.007 0.226
BMI (kg/m2) 23.8 ± 5.06 30.5 ± 7.18 0.838 0.005 0.243
Body fat (%) 21.5 ± 3.81 32.4 ± 1.96 1.000 <0.001 0.766

Bicipital skinfold (mm) 12.8 ± 5.73 32.6 ± 11.4 1.000 <0.001 0.575
Tricipital skinfold (mm) 15.9 ± 5.53 34.1 ± 6.83 1.000 <0.001 0.697

Subscapular (mm) 16.1 ± 6.74 39.5 ± 6.36 1.000 <0.001 0.770
Suprailiac (mm) 15.4 ± 6.67 39.5 ± 6.36 1.000 <0.001 0.770

3.4. Physical Fitness

Except MBT (non-obese vs. obese: 7.75 ± 0.93 m vs. 8.12 ± 0.86), non-obese par-
ticipants showed the greatest performance (as illustrated in Table 3). Significant group
differences only existed for CMJ (p < 0.001, ηp

2 = 0.425), the agility T-half test (p = 0.001,
ηp

2 = 0.305), and 15 m sprint (p = 0.019, ηp
2 = 0.175). The Yo-Yo IR1 distance was not

significantly different (p = 0.160, ηp
2 = 0.067) between non-obese (824 ± 293 m) and obese

athletes (686 ± 225 m).

Table 3. Comparison of physical and academic performance parameters between two groups. Data are presented as mean
± SD. Meaningful effects (criteria: p < 0.05 and ηp

2 > 0.15 and observed power >0.60) and performance maxima marked
in bold.

Non-obese
(n = 17)

Obese
(n = 14) Observed Power

ANOVA

p ηp
2

Physical performance parameters
15 m sprint (s) 2.64 ± 0.28 2.88 ± 0.26 0.668 0.019 0.175
30 m sprint (s) 4.89 ± 0.62 5.28 ± 0.87 0.282 0.163 0.066

Agility T-half test (s) 6.82 ± 0.52 7.45 ± 0.46 0.931 0.001 0.305
CMJ (cm) 37.9 ± 3.80 31.0 ± 4.45 0.994 <0.001 0.425

SJ (cm) 32.7 ± 8.85 28.5 ± 4.53 0.339 0.121 0.081
Yo-Yo IR1 distance (m) 824 ± 293 686 ± 225 0.287 0.160 0.067

Medicine ball overhead throw (m) 7.75 ± 0.93 8.12 ± 0.86 0.200 0.258 0.044
Academic performance parameters

Science 87.4 ± 11.0 75.9 ± 13.2 0.726 0.013 0.195
Mathematics 91.4 ± 9.98 71.4 ± 16.8 0.977 <0.001 0.367

3.5. Academic Performance

For both academic parameters, significant differences between groups were observed,
and the non-obese athletes showed superior performance than obese subjects (as illus-
trated in Table 3). The largest group difference was observed in mathematics (p < 0.001;
ηp

2 = 0.367), comparable with science (p = 0.013; ηp
2 = 0.195). The association between

mathematics and science was r = 0.547.
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3.6. Relationships between Parameters

The following relevant (r > 0.5) correlations were observed:

• Height vs. SJ: r = 0.702 (as illustrated in Figure 1a)
• Weight vs. Yo-Yo IR1: r = −0.559 (as illustrated in Figure 1b)
• BMI vs. 15 m sprint: r = 0.533
• Suprailiac skinfold vs. CMJ: r = −0.527
• Subscapular skinfold vs. CMJ: r = −0.509
• Weight vs. CMJ: r = −0.505

Figure 1. Relationship between (a) height and squat jump (SJ) and (b) Yo-Yo IR1 and weight. Please note that one dot can
represent several subjects.

From the anthropometric variables, only %BF showed a notable correlation with
mathematics (r = −0.488; as illustrated in Figure 2a) and science (r = −0.408; as illustrated
in Figure 2b). The agility T-half test was the only physical performance parameter with a
relevant correlation with mathematics (r = −0.496; as illustrated in Figure 3a) and science
(r = −0.484; as illustrated in Figure 3b).

Figure 2. Relationship between (a) percentage body fat (%BF) and mathematics and (b) %BF and science. Please note that
one dot can represent several subjects.
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Figure 3. Relationship between (a) agility T-half test and mathematics and (b) agility T-half test and science. Please note
that one dot can represent several subjects.

4. Discussions

Our primary finding was that, in general, non-obese participants exhibited the greatest
performance. Significant group differences existed for CMJ, COD ability, and 15 m sprint,
consistent with observations of poorer health-related fitness in overweight and obese
youth and adolescents [18]. Furthermore, academic achievement (e.g., mathematics and
science) was lower in the overweight/obese students. The greatest difference between
groups in academic performance was observed in mathematics. Anaerobic fitness (e.g.,
jumping, sprinting, and throwing) were unrelated to academic performance. These data
suggest physical fitness and obesity may be important determinants of health and academic
attainment, even in a homogenous group of handball players with similar training behavior.

4.1. Physical Performance

As hypothesized, obesity influenced physical fitness in young handball players.
School-age handball players were stratified based on age-specific values of %BF as obese
or non-obese. Between groups, BMI (ηp

2 = 0.243) was less different than %BF (ηp
2 = 0.766).

Such a finding implies BMI is a poor surrogate for obesity (which is purportedly a disease
of excessive fatness, although not if measured by BMI) in adolescent athletes [49,50].

The difference in sprint times between groups ranged from 8% (30 m sprint) to 9%
(15 m sprint). This has implications for player success as players sprint for ~10–30 m in
game-defining epochs [51]. Recently, it was reported that normal weight schoolchildren
players showed greater performance in jumping, but not for sprinting [33], and our data
corroborate these conclusions.

Concerning MBT, the difference between groups was 5%. Since muscle strength and
power are imperative for ball throwing velocity, the MBT is an ecologically valid test to
measure upper limb power in team handball players [51]. Greater upper limb power and
strength ae advantageous for obese players in this regard [33]. However, we postulate that
the greater upper limb strength and power in the obese players does not compensate for
the disadvantages in other physical tests observed herein.

For CMJ, differences between obese and non-obese groups existed at the p < 0.01 level
within this study. The difference in jumping between groups ranged from 13% (SJ) to
18% (CMJ). These effects likely occurred because of having less body mass to accelerate
against gravity, and we therefore suggest relative power is imperative in team handball.
As handball is a contact sport, whereby hitting, blocking, jumping, and pushing are
commonplace, muscle strength and power are needed to compete [49,50].

Agility is well-described as an important attribute in most invasion games, and
handball requires the same [49,50]. COD differences were present between groups herein,
but differences in agility may become amplified on further growth in our participants as
peak rate of agility development often occurs after 15 years of age [52–56].
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In terms of Yo-Yo IR 1 performance, the obese group were 17% worse than the non-
obese group. Recently, it was reported that the difference between normal weight and
overweight schoolchildren athletes in Yo-Yo IR 1 was 27% [49]. In our study, surreally,
Yo-Yo IR1 distance was not different between non-obese (824 ± 293 m) and obese ath-
letes (686 ± 225 m) at the p < 0.05 level. Aerobic fitness is an important constituent in
handball [35].

4.2. Academic Performance

The present data corroborate previous cross-sectional studies that observed that fitter
students exhibited greater academic attainment [17,57]. Multiple psychosocial components
purportedly expound the role of physical fitness in academic attainment [58]. In aca-
demic parameters, the non-obese group had a significantly higher mean performance than
the obese group. The observed difference between groups was greater for mathematics
(ηp

2 = 0.367) than for science (ηp
2 = 0.195). In addition, the COD ability was the only fitness

parameter with a relevant correlation with mathematics and science. Regarding relation-
ships between %BF and academic performance (science and mathematics), two relevant
correlations were detected supporting a substantial body of literature demonstrating that
obesity and lower academic attainment are related early in life [59].

Academic performance and %BF are reportedly negatively correlated in children [60],
supporting our data. A recent systematic review noted a relationship between obesity,
cognitive function, and academic attainment in adolescents [61]. In the present study,
obese participants had poorer academic achievement, suggesting that being obese during
adolescence has profound academic consequences. Conversely, others reported obesity did
not affect academic achievement in children [23,62]. Although the reasons for this diver-
gence are unclear, differences in methods for diagnosing obesity, participant characteristics,
growth stages, or analysis procedures for academic attainment [18,23] may explain the
ambiguity. Few previous studies demonstrated meaningful effect sizes for the influence
of obesity on academic attainment, and based on Cohen’s thresholds [48], the present
magnitudes were also classified as “small”.

The agility T-half test had the strongest correlations with mathematics and science.
This is interesting as there is a dearth of research examining associations with change-
of-direction ability or speed and academic attainment. Here, no relationship between
sprint speed and academic performance was observed, but the meaningful correlation
between change-of-direction ability and academic achievement corroborates some previous
literature [63]. Mechanisms to explain this phenomenon remain unelucidated, and further
investigation is required to elaborate on the association between agility and academic
attainment.

We observed no relationship between strength, jumping, and aerobic capacity and aca-
demic performance, in line with several previous studies which did not report a relationship
between muscular strength and academic attainment [21,64]. However, some investiga-
tions supported the notion of aerobic fitness as a predictor of academic attainment [12,65],
in contrast to our report.

Obese adolescents have lower intelligence quotient (IQ) and poorer memory, attention,
and executive function in comparison with that of normal weight contemporaries [18].
Recently, research regarding relationships between academic attainment and body mass,
physical activity, and physical fitness proliferated [17]. However, evidence supporting
an omnipresent positive linear relationship between body composition and academic
attainment remains inconclusive as [65,66] inverse relationships were also reported [67,68].

Whilst a substantial body of literature centers on the degree to which educational
achievement forecasts body mass in adulthood, an increasing amount of research focuses
on the reverse causality (i.e., whether body mass determines educational outcomes) [33].
Results suggest obesity is not associated with lower test scores [69] but does associate with
lower GPA [70]. This is puzzling, as one may assume lower test scores would result in
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lower GPA; the reason is likely multifactorial, caused by several psychosocial constraints
within the classroom setting.

4.3. Limitations

A sexual maturity indicator for participants was not performed in this study; this
is a limitation as growth spurt timing differences could influence %BF and relationships
between %BF and fitness. In addition, each body composition component (muscle, bone,
etc.) have their own temporal changes. Nevertheless, participants were within a narrow
age range, which conceivably ameliorated this effect. Regardless, for scientific rigor, future
investigations should incorporate sexual maturation assessment when examining rela-
tionships between anthropometry and physical performance in adolescents. A secondary
limitation is that since the study was cross-sectional, it is difficult to attribute causal-
ity. The main methodological limitation here, however, was the absence of a nonathletic
control group.

5. Conclusions

The present investigation examined physical fitness and academic attainment in
%BF-diagnosed obese and non-obese adolescent handball players. The non-obese group
possessed better jumping ability and agility and superior academic achievement than
the obese group. These data suggest poor physical fitness and obese levels of %BF in
boys could negatively influence academic achievement, independent of training habits.
Future studies with additional parameters (e.g., lean mass and sexual maturation status)
are required to confirm our preliminary observations.

With the backdrop of the current COVID-19-induced reduction in physical activity
and limited school operation in this age group, these results may have social relevance
which will probably become evident later in life, as legacy effects manifest.
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