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Abstract: The aim of the present study was to analyse body composition, anxiety, cardiovascular, and
physical activity factors related with academic performance of school students as well as to analyse
differences, by age, in these factors. We analysed in 266 primary school students’ (8.81 & 1.62 years,
range: 5-13 years) heart rate, anthropometric variables to calculate body mass index, physical activity
performance, anxiety levels and academic results by the average of marks. Students were divided in
two different groups, firstly by their lower or higher academic performance, and secondly by age.
Results showed a negative correlation between academic performance and age, weight, body mass
index and trait anxiety variables. Additionally, significant differences were found by age, presenting
older students higher scores in body mass index and lower physical activity, trait anxiety, heart rate
and academic performance values than younger students. Overweight and obesity may have a great
impact in academic performance in children and we pointed out the necessity to establish programs
related with healthy habits which include improvements in physical activity and nutrition behaviours
with the objective to enhance children’s health general status, psychological profile, cognitive and
motor development, and academic performance.
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1. Introduction

Overweight and obesity are defined as an abnormal or excessive fat accumulation,
which triggers in several pathologies, for which having high a body mass index (BMI) score
is in an important risk factor [1]. Considering WHO estimations, which report that, since
1975, obesity has nearly tripled worldwide [1], it could be assumed that obesity has become
a pandemic, which may have a great impact in childhood development as it has been de-
scribed by previous literature. Psychologically, obese or overweight children showed major
probability to suffer depression due to teasing and bullying [2-4] and a high prevalence
of anxiety disorders in obese adolescents compared to non-obese ones [5,6]. Regarding to
academic field, a review of several studies described an association between childhood
obesity and poor academic performance [7,8]. Socioemotionally, obesity has been reported
as “one of the most stigmatizing and least socially acceptable conditions in childhood” [9]
as obese children have to deal with numerous difficulties such as bullying and stigma, dis-
crimination and social marginalization and low self-esteem and lower self-reported quality
of life, which in some cases may lead into suicidal ideation [3,10-13]. Physiologically, they
presented a worse cardio metabolic profile due to the presence of metabolic syndrome,
subclinical atherosclerosis and prematurely impaired vascular function [14-16].

Diverse childhood obesity causes have been widely described in literature. High
sugary drinks consumption and increased portion sizes [17], decreased physical activity
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practices turn into sedentary behaviours (TV watching or playing in computer and other
screen viewing) [18-20], and family factors such as living in a single parental household
with an overweight parent [21], could be pointed out as important causes. Also, the recent
COVID-19 pandemic had an important impact on children’s weight, since it has been
described how confinement has modified children’s nutritional patterns, increasing their
consumption of potato chips, sugary drinks and red meat [22]. As well, physical activity
patterns have changed, especially in children who became less active and spent longer
periods of time viewing different screens [23].

Assuming that obesity has become a pandemic, it is important to spotlight the effect
that it has in children. It has been pointed out by previous literature how obesity may
have a great impact in academic performance [24]. Thus, previous studies highlighted how
elevated scores in BMI were related to worse academic performance [25], and predicted
a poorer working memory and this, in turn, is associated with a lower level of academic
performance [24]. Related to academic performance, it has been found that stress also could
compromise learning, since previous researches showed how acute stress compromises
synaptic efficacy and cortical plasticity [26], as well as leads to a reduction in blood flow in
the prefrontal cortex, producing a decrease in oxygen and nutrients in the hippocampus,
thereby triggering concentration difficulties, reducing memory ability potential [27] and
decision making [28]. Related to stress, anxiety also may influence academic performance,
being a stressor stimuli that pre-adolescents may not process properly, since their prefrontal
cortex has not matured yet [29], implying a lack of development in the mechanisms
regulating control of executive functions, in turn triggering a reduction in cognitive and
memory skills [30]. Furthermore, high trait Anxiety, a scale which measures typical levels
of anxiety, was negatively associated with academic performance in children [31]. In order
to evaluate anxiety levels and autonomic modulation, previous researchers used heart rate
(HR mean) as an easy tool to measure sympathetic modulation in students [32-34]. In line
with this, previous research showed how school students showed sympathetic activation
in hand with a high state anxiety [35]. Finally, physical activity has been highlighted as
another significant factor which may modulate academic performance. Several authors
proposed both physical and physiological benefits of regular physical practise in children,
pointing out their improvement on different brain and cognitive skills, such as execution,
decision, perception, concentration and memory [36-38]. The improvement of all these
skills may be related with better academic performance.

The aim of the present study was to analyse body composition, anxiety, cardiovascular,
and physical activity factors related to the academic performance of school students. As a
secondary objective, we aimed to analyse age differences in academic performance, body
composition, anxiety, cardiovascular and physical activity of school students. The initial
hypothesis was that higher academic performance students would present a different body
composition, anxiety, cardiovascular, and physical activity profile than lower academically
performing students. The second hypothesis was that there would be differences in
academic performance, body composition, anxiety, cardiovascular, and physical activity of
school students i age.

2. Materials and Methods
2.1. Participants

Two hundred and sixty-six primary school students (8.81 £ 1.62 years, from 5 to
13 years, 47% male and 53% female) were analysed. Children were recruited by convenience
sampling from two schools in Madrid Community (Spain). They were divided in groups
by age as follows: first primary stage (5-7 years) corresponding to 1st and 2nd school
year, n = 69; second primary stage (8-10 years) corresponding to 3rd and 4th school year,
n = 154; third primary stage (11-13 years) corresponding to 5th and 6th year, n = 46. The
exclusion criteria were: (1) presenting with some type of pathology (diagnosed anxiety or
depression, or attention-deficit disorder); (2) taking some kind of medication (anxiolytics,
antidepressants, medication for attention-deficit disorder or any kind of medication which
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involves nervous system); (3) failure to provide informed consent by their legal guardians.
To obtain the participants of the study, convenience sampling was used and the fathers,
mothers, fathers” association, school management team and teachers were informed of
the study objectives. The study information was explained personally, and an informed
consent and study explanation inform were given to each mother, father or legal guardian
of the students. Subsequently, the students who gave the evaluators the consent form
signed by their father, mother or legal guardian were analysed. 46% of the school students
agreed to carry out the study. All participants, parental figures and their professors were
informed about the experimental procedures, indicating the right to withdraw from the
study at any time, and were required to compelte an informed consent form prior to
the start of theresearch, following the Helsinki Declaration (as revised in Brazil, 2013).
The procedure was approved by the European University of Madrid Ethical Committee
(CIP1/18/074).

2.2. Procedure

To reach the main objective of the present research, participants were divided in two
groups of equal size according to their academic performance (percentile 50). The lower
academic performance group included scores between 3.80 and 6.90 of 10; and higher
academic performance group included scores between 7.00 and 9.44 of 10. Regarding the
second objective, students were divided in three age groups (1st, 2nd and 3rd stage, or
5-7 years, 8-10 years and 11-13 years, respectively) in order to analyse differences in the
study variables by age.

2.3. Measures

The heart rate was measured with a Polar V800 heart rate monitor (Polar, Kempele,
Finland). Evaluations were made on April 2019 between 09:00 AM and 10:30 AM with the
student sited in a quiet and calm room, while a professor supervised them.

Body mass was measured using a SECA scale model 714 (Seca, Hamburg, Germany)
with precision of 100 g (range 0.1-130 Kg), located on a flat and smooth surface and
calibrated at zero. Subjects were barefoot and with minimal clothes.

Height was measured with a height rod, incorporated in the scale SECA model 714,
with precision of 0.1 mm.

Body Mass Index (BMI) was calculated using the classic formula: weight (kg)/height (m)>2.

Physical activity was analysed with a validated self-report questionnaire for chil-
dren [39], the PAQ-C. This questionnaire is composed of nine questions. The first one
provides contextual cues by checking 22 common free-time and physical activities, as well
as two “other” fill-in choices. The other eight questions are organised using time-of-day or
day-of-the-week structure. All of them score using a 1-5 scale. The summary score is the
average of the sum of the nine items.

Anxiety was measured by the State-Trait Anxiety Inventory for Children and Adoles-
cents (STAIC) [40]. The questionnaire is composed of two 20-item scales to measure state
anxiety and trait anxiety.

The academic performance was analysed by the average of marks in all subjects
conducted by the students.

2.4. Data Analysis

Statistical analysis was carried out using Statistical Package for the Social Sciences
(SPSS) version 24.0 for Windows (IBM Spain). Descriptive statistics (mean and standard
deviation) were analysed for each variable. A Kolmogorov-Smirnov test was used to test
the normality of the sample. Homoscedasticity was checked by Levene’s test. All the
variables passed the normality and homoscendasticity tests. Then, an independent T test
was conducted between the high and low school-performance groups and a multivariate
analysis of variance (MANOVA), with age as a fixed factor, was conducted to test differences
in study variables by age. In addition, a bivariate correlational analysis by the Pearson
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test was conducted. The effect size (ES) was tested by partial square eta (n?). The level of
significance for all the comparisons was set at p < 0.05

3. Results

Results are presented as average & standard deviation. The lower academic perfor-
mance group presented a significantly lower scores than the higher group (5.99 £ 0.72 vs.
7.96 £ 0.59). Table 1 summarised differences in the analysed variables between higher aca-
demic performance group and lower academic performance group. We found significant
differences in BMI values (p = 0.013). No significant differences were found in age, weight,
height, heart rate, state anxiety or trait anxiety variables. In the correlational analysis we
found a negative significant correlation between academic performance and age (r: —0.154;
p: 0.012), weight (r: —0.159; p: 0.012), BMI (r: —0.150, p: 0.019) and trait anxiety (r: —0.122;
p: 0.047).

Table 1. Body composition, heart rate, physical activity and anxiety variables in lower academic performance group and

higher academic performance group.

95% Confidence

Higher Lower
. Academic Academic 2
Variable Performance Performance t p-Value Lower Upper L
Group Group
Age 8.67 + 1.61 8.98 + 1.62 1.552 0.122 —0.083 0.70 0.013
(years)
H(ig‘t 13817 £11.78  138.18 +12.30 0.001 0.999 —3.03 3.03 0.00
V\E‘Egg)ht 35.14 4 9.52 37.51 4+ 11.34 1.795 0.074 ~0.23 498 0.011
Body Mass Index 18.20 + 3.36 19.32 + 3.68 2496 0.013 0.236 2.01 0.024
(kg/m?)
He(;;fnlf;“e 99.01 + 43.48 98.02 + 68.69 ~0.138 0.891 —15.024 13.06 0.016
Physical Activity 1.71 4 0.54 1.62 4 0.62 1.287 0.199 —0.493 0.235 0.008
State Anxiety 28.75 4 351 28.08 + 4.60 ~1.332 0.184 ~1.658 0.320 0.004
Trait Anxiety 25.12 4 4.47 25.61 +5.12 0.828 0.408 —0.673 1.651 0.006

The MANOVA report significant differences between the three groups of comparison

(Wilks lambda = 0.156; F = 39.52; p = 0.000). Significant differences were found in BMI
(p = 0.005), physical activity (p = 0.021), trait anxiety (p = 0.036), heart rate (p = 0.000) and
academic performance (p = 0.009) between groups in their 1st, 2nd and 3rd stages. Thus,
BMI values significantly increased as age increased, whereas physical activity, trait anxiety,
heart rate and academic performance significantly decreased as age increased (Table 2).

Table 2. Body composition. heart rate. physical activity and anxiety variables in different stages

divided by age.
Variable 1st Stage 2nd Stage 3rd Stage F p-Value
Age 6.72 4 0.45 9104077  11.17 + 048 527.635 0.000
(years)
H(ifs‘t 12422 4+7.68 13958 +9.49  149.19 + 8.57 96.801 0.000
V‘Eilgg)ht 2714+ 618 3699 +9.13 4457 + 11.02 45.589 0.000
Body Mass Index 1, 5 4 310 1886 £356 1982 & 3.67 5.322 0.005

(kg/m?)
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Table 2. Cont.

Variable 1st Stage 2nd Stage 3rd Stage F p-Value
He(;grﬁ)ate 9841 +10.78 9458 +873  86.26 + 6.52 24.108 0.000
Physical 1.90 + 0.42 1.70 + 0.55 1.59 + 0.68 3.930 0.021
Activity
State
; 2956 +3.15 28394422 2819 +4.27 1.833 0.162
Anxiety
Trait
: 26.06 +558 2574+ 444 23914353 3.368 0.036
Anxiety
Academic

Performance 7.34 +0.92 6.94 +£1.18 6.62 £1.28 4767 0.009

4. Discussion

The aim of the present research was to analyse body composition, anxiety, cardiovas-
cular and physical activity differences in school students as they related to their academic
performance. The initial hypothesis was partially confirmed, since students of higher
academic performance presented a lower BMI than lower academically performing stu-
dents. Our hypothesis for the secondary objective was confirmed, since students presented
lower values for academic performance, anxiety, cardiovascular and physical activity as
age increased, whereas BMI scores increased with age.

According to growth charts stablished by the WHO, children in the present study
showed BMI values consistent with overweight or obesity, since they showed a percentiles
upper than 85, percentile 5 to 85% considered as normal weight [41]. Significant differ-
ences were found in BMIs between the higher academic performance and lower academic
performance groups, as well as a significant negative correlation between academic per-
formance and BMI, in consonance with previous studies [33,42]. These findings were also
supported by previous studies, which related lower working memory in students with
higher BMI scores, which is also associated with a lower academic performance [24], as
well as lower math and reading test scores [43,44], inferior arts and science test scores [44],
lower efficiency in conflict resolution and poorer inhibitory control [45]. These differences
in learning could be related to the activity of brain neurotrophic factor (BDNF), which
plays an important role in synaptic plasticity in the hippocampus [46,47], affects emotional
decision-making performance [48], modulates the establishment of neuronal circuits and is
implicated in long-term memory [46], decreased levels of which have been highlighted in
obese children and adolescents [49,50] as implying worse academic performance. Never-
theless, recent studies suggested that the association between obesity and low academic
achievement is not well stablished, and more research is needed [51,52]. Additionally,
significant differences were found in BMI with respect to the student’s grade; students
in higher academic stages showed larger BMI values, which might be explained by the
significantly less weekly physical activity shown by these students and the normal growth
process associated with those ages [35].

No significant differences were found in anxiety levels between higher and lower
academic performance groups. By contrary, significant trait anxiety differences were found
with respect to student’s age. Thus, younger students showed higher trait anxiety values
than older ones, consistent with recent research [53]. The trait scale provides indications of
a long-lasting tendency to experience anxiety, which may predict an anxiety tendency in
adulthood, since when anxiety takes place in childhood it also tends to be widespread in
adulthood, and is also commonly related with several psychopathologies [54]. Additionally,
a negative correlation between academic performance and trait anxiety was found in the
present study, in accordance with previous research [31,55], which pointed out the influence
that anxiety may have on academic performance, since a negative relation has been found
between trait anxiety and test performance in students with low working memory capacity,
as well as a positive relation between trait anxiety and test performance in those with
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high working memory capacity. This result highlights a common health problem around
the world, with an increasing number of anxiety patients, especially in early ages, that
highlights the necessity of efficient interventions [56,57]. Due to the great impact that
anxiety has on children and their academic performance, previous authors proposed
the use of a biofeedback relaxation training program, including deep breathing, positive
visualization and muscle relaxation, which had positive effects in students, decreasing
anxiety levels and increasing academic performance [58].

Regarding physical activity, no significant differences were found between the higher
academic performance group and lower academic performance group. Furthermore, stu-
dents showed a low physical activity practice, contrary to the recommendations in children
and adolescents from health promoting institutions, which proposed at least 60 min per day
of moderate to vigorous intensity physical activities [59]. Moreover, the present research
showed how physical activity decreased with academic performance. These results were
consistent with previous studies, in which it was found that children with higher fitness
levels showed greater semantic processing [60], higher ability to access a richer lexical-
semantic system, which allows them to detect syntactic mistakes faster. It also aids their
having better language and reading skills [61], superior ability extracting meaning and
relation in mathematics problems [62] and greater ability facilitating attentional processing
when facing more difficult activities by defeating nonessential neural operations [63]. Sev-
eral mechanisms explaining this association have been widely described in the literature.
It has been pointed out that cardiorespiratory fitness enhances brain structure and func-
tion by affecting neural substrates, improving concentration and memory processes [64].
Additionally, previous studies proposed cardiorespiratory fitness’s capability to increase
neuronal density synapsis [64] and increase the vasculature in cortex [65]. Furthermore,
due to physical training process and cultivating vigilance, students might be better ori-
ented to achieve success [66]. It was also described how cardiorespiratory fitness improved
the synthesis of BDNEF, also associated with better academic performance, as previously
described [67,68]. Relating to HR, no significant differences were found between the higher
academic performance group and the lower academic performance group. Nevertheless, it
was found that HR significantly decreased as age increased, in consonance with normative
values [69], as well as in accordance with previous studies [33,70], in which heart rates
around 100 and 105 beats per minute (bpm) were found in children between 4 and 6 years,
100 bpm in children between 6 and 8 years and 86 and 94 bpm in children between 8 and
12 years, consistent with a normal maturation of the autonomic nervous system [71].

4.1. Practical Applications

Physical activity has been pointed out as an important key factor in children and
adolescent’s development, since it improves brain neurotrophic factors, basic general de-
velopment in children and the advancement of their cognitive and neuromotor capabilities,
as, in early stages of life, motor and cognitive structures are still growing. Consequently;,
it could have a positive effect in their academic performance. With respect to the obesity
pandemic that is gravely affecting children and adolescents, it is necessary to implement
programs that involve parental and community interventions, as well as interventions
from children’s parental figures, relating to healthy habits, which include enhancements in
physical activity and nutrition patterns, with aim to improve their general health status, as
well as their cognitive functions, academic performance, psychological profiles and their
motor development.

4.2. Limitation of the Study and Future Research Lines

The main limitation of the present research was the lack of biological measures of
stress hormones and neurotrophin family proteins (cortisol, alpha-amylase, BDNF, etc.)
due to resource availability. Future research may address these issues, as it would improve
the complete knowledge of stress on this community. Additionally, another limitation of
the study was that we did not consider the entire physical activity undertaken by students,
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inside and outside school. Furthermore, another limitation of the study was that we did
not consider gender and social class of the children, nor their parents” education level,
which could have an important effect in values toward BMI, physical activity and academic
performance. Additionally, we considered the average grade to evaluate academic per-
formance, which could be also considered as a limitation of the study. As certain subjects
could be confounding factors, since course difficulty depending increase with the age of
participants, it may be more appropriate the use a literary or arithmetic task as a better fit,
with the aim of evaluating academic performance, than students’ grades. Moreover, we
did not consider stigma, bullying or absenteeism, which also could have a great impact
in academic performance and general health states of children. Future studies should
consider these issues. Given the proportion of the sample, 47% men and 53% women, here
we have not considered gender in the study; it may have been very interesting to see if the
differences and correlations found are maintained across gender.

Future research lines should consider the use of effective anxiety, nutritional and phys-
ical activity interventions, which may enhance general health status as well as academic
performance in children. In addition, considering the gender distribution in the sample
was very equitable, it would be interesting to see if the differences and correlations found
are maintained across gender; future research lines should consider this issue. Furthermore,
it would be interesting to analyse the effect of the COVID—19 pandemic on the academic
performance of students, since it was a significant new stressor that elicited disruptive
behaviours and feelings [72] and the effect on students is poorly understood. In line with
this, the use of bioimpedanciometer would give more information regarding the influence
of different anthropometric variables, and is a non-invasive and reliable instrument to
apply in this population [73].

5. Conclusions

We found a negative correlation between academic performance and age, weight,
BMI and anxiety values. In addition, older students presented higher BMI values, as
well as lower academic performance, anxiety, cardiovascular and physical activity scores
than younger students. Future studies may address the importance of efficient strategies
involving anxiety, nutritional and physical activity issues which could improve general
health status and academic performance in this population.
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