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ABSTRACT

Purpose. To predict attention and executive function in children through anthropometric, physical, and motor indicators.
Methods. A cross-sectional study was carried out among 271 children aged 6-10 years. Aerobic fitness was measured by
using the Yo-Yo Intermittent Recovery Test Level 1, adapted for children. Motor performance was assessed with the Kérper-
koordinationstest fiir Kinder. Attention and executive function were evaluated by the cancellation test and the trail making
test, part A and B.

Results. The receiver operating characteristic curve pointed the following executive function predictors, with respective
cut-off points: body mass index: 0.69 (0.62-0.76), 18.62 kg/m?; waist circumference: 0.83 (0.77-0.88), 65.53 cm; sum of
skinfolds: 0.69 (0.63-0.75), 32.51 mm; percentage of body fat: 0.67 (0.61-0.74), 27.36%; Yo-Yo Intermittent Recovery Test
Level 1: 0.60 (0.52-0.67), 176 m; motor quotient score: 0.97 (0.95-0.98), 69.50; score of attention: 0.82 (0.77-0.87), 77.75.

Conclusions. Executive function seems to be influenced by the anthropometric and functional components.
Key words: attention, executive function, anthropometry, motor performance, strength, physical fitness

Introduction

Higher cognitive skills seem to depend on attention
and executive function (EF), which are essential for
control domain, responsibility, planning, organization,
creativity, and self-control [1, 2]. However, the number
of attention deficits in children and adolescents in-
creased in the last decade [2], which could negatively
affect school performance and the children’s develop-
ment. Notwithstanding, parents, teachers, and researches
are focused on investigating what could be associated
with higher cognition and what factors could inter-
fere with the cognitive process.

EF is essential for the proper functioning and cog-
nitive development of children and adolescents because
it is responsible for controlling attention, thoughts,

emotions, and actions. It is divided into 3 components:
inhibitory control, working memory, and cognitive
flexibility [3]. In this sense, inhibitory control regu-
lates actions of self-control and discipline to perform
and complete a task, working memory allows to main-
tain and work with recent information, used previ-
ously by learned elements associated with the behav-
iour, and cognitive flexibility is defined as the ability
to change and alternate thoughts about concepts or
ideas in order to adapt to new demands or priorities;
these processes are fundamental to good social and
school development [3-5].

One of the main factors that could influence EF is
physical exercise, an extremely relevant tool to act ben-
eficially on the capacities of EF components. Its advan-
tages are directly linked to the development of cardio-
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respiratory fitness and motor skills performance [6, 7].
Another factor that could impact on EF is the anthro-
pometric profile, which seems to be inversely associ-
ated with the performance and development of cogni-
tive and executive functions [8, 9].

Anthropometric profile, aerobic fitness, and mo-
tor coordination seem to influence children’s school
performance [10-12] and are highlighted owing to their
repercussions on attention and EF. Motor development
is closely related to cognitive development because of
the interrelationship between brain and synaptic re-
gions responsible for motor coordination and those
responsible for EF [5, 6]. Moreover, structural neural
changes as higher vascularization and cerebral neu-
rotransmitters concentration could explain the asso-
ciation of high aerobic capacity and complex motor
skills with EF [13], an example being a negative impact
of overweight and obesity.

Obese children have an elevated incidence of chron-
ic degenerative diseases, added to poorer aerobic and
motor capacities, as well as lower performance of EF
components compared with eutrophic children [14-16],
particularly in tasks that require greater self-control,
organization, memory, processing of cognitive infor-
mation [17, 18]. Recent research has observed the ef-
fects of anthropometric components and motor coor-
dination as possible indicators of attention and EF [7,
19-21].

However, the exact role of body composition, aerobic
fitness, motor coordination, and strength as related to
attention and EF, such as cut-off points of predictive
variables, has not been established yet. Thus, the objec-
tive of the present study was to analyse the associa-
tion of the anthropometric indicators, strength, and mo-
tor and aerobic performances with attention and EF,
as well as their predictive validity. We hypothesized
that children with lower motor and physical perfor-
mance would have lower EF and attention values, and
that overweight and obese children would present
a similar response.

Material and methods
Sample

A cross-sectional study was performed among 271
school children aged 6-10 (7.53 + 1.52) years, selected
by convenience for the study; 45.75% of the group were
boys. The volunteers were free from a diagnosis of neu-
rological or psychiatric diseases, osteoarticular prob-
lems, and medication use. Participants who did not
complete all the tests were excluded.

General procedures

The anamnesis was carried out by an interview
with the children and with their parents separately;
it was used to ensure the inclusion criteria of the study,
such as schooling, history of school disapproval, ap-
plied medication, and neurological disorders. All the
tests were executed in 3 days, randomly selected by
the researchers. All the professionals that applied the
test were previously trained and the children were
previously familiarized with all instruments 1 week
before the tests. The following tests were performed
randomly on 3 different days: (1) the attention can-
cellation test and the trail making test, part A and B
(applied collectively); (2) jumping tests and the Yo-Yo
Intermittent Recovery Test Level 1 (Yo-Yo); (3) body
composition and the Kérperkoordinationstest fiir
Kinder (KTK).

Anthropometric and body composition variables

The anthropometric and body composition vari-
ables were derived from waist and hip circumference,
body mass, height, and skinfold equations and were
described as follows: body mass index (BMI) = body
mass (kg) / height (m)?; conicity index = waist circum-
ference (m) / 0.109Vbody mass (kg) / height (m); waist-
to-hip ratio = waist circumference / hip circumference;
and the sum of skinfolds ZSF). The equation pro-
posed by Slaughter et al. [22] was used to determine
body fat percentage (%BF). The techniques adopted for
the measurement of the anthropometric variables fol-
lowed the procedures described by Petroski [23].

Cardiorespiratory fitness

For cardiorespiratory fitness assessment, the Yo-Yo
test was used, characterized by sequences of runs with
rhythm controlled by sounds of a CD player. The run
distances were 16 and 20 meters, respectively, for
children aged 6-9 years and for those above 9 years of
age [24, 25], with the track width of 1.3 meters. The
rhythm was increased progressively, with rest inter-
vals of 10 seconds. The finish was determined when
the volunteer failed to reach 16 or 20 meters, respec-
tively. In order to guarantee the performance of the
races at the speeds corresponding to each stage, one
of the researchers participated in the test to ensure
that the ideal pace was maintained.
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Countermovement and squat jump

Power performance was measured by countermove-
ment jump and squat jump (knees at 90°), both initi-
ated with the parallel position of the feet. Vertical jump-
ing performances were evaluated in accordance with
the descriptions of the Bosco protocols [26].

Motor coordination

Motor coordination capacity was assessed with KTK,
described previously [27, 28], by using the motor quo-
tient (MQ). MQ was derived from the gross values
obtained in each KTK task; their summation resulted
in the total MQ, reflecting 5 motor coordination levels:
very high, high, normal, insufficient, and disturbance
in global motor coordination [28].

KTK s divided into 4 subtests to evaluate motor co-
ordination: (1) walking backward along balance beams
of different widths; (2) hopping for height; (3) jump-
ing sideways over a slat; and (4) moving sideways on
boards, as described previously [27, 28]. Scores per
subtest were converted into standardized MQ based
on normative data [27, 28]. These standardized scores
are adjusted for age (all subtests) and gender (hoping
for height and jumping sideways over a slat). The MQs
of all 4 subtests were then summed and transformed
into the total MQ score.

Attention and executive function

Attention and EF were evaluated by visual search
of pencil and paper tests described previously [29, 30].
The attention component was measured by the aver-
age performance on the attention cancellation test and
the trail making test (part A). EF was determined
with the attention cancellation test, trail making test
(part A), trail making test (part B), and trail making
test (part B-A). All the tests had their performance
established in the maximum time of 1 minute and
were classified in accordance with Seabra and Martins
Dias [30]. These categories were divided into 2 per-
formance classifications: (1) high and very high; (2)
medium-low and very low. Stratifications were applied
to perform the receiver operating characteristic (ROC)
curve analysis. Finally, the task of the participants
was to mark all stimuli equal to the target stimulus
(symbols) previously determined. The attention can-
cellation test was carried out as described by Montiel
and Capovilla [29].
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Statistical analysis

Descriptive statistics with mean values and stand-
ard deviations were performed. The data normality
was calculated with the Shapiro-Wilk test. Student’s
t-test was used for sex comparisons. The ROC curve is
generated by plotting sensitivity on the y-axis as a func-
tion of [1 - specificity] on the x-axis. Sensitivity refers
to the percentage of individuals who presented the out-
come (in the case of the present study, it was the high
and very high classification for attention and EF) and
were correctly diagnosed through the indicator (i.e.
true-positive), whereas the specificity describes the
percentage of individuals who did not present the out-
come and were correctly diagnosed through the indi-
cator (true-negative).

The criterion used to obtain the cut-off points was
the values with sensitivity and specificity closest to
each other and not lower than 60%. The statistical
significance of each analysis was verified by the area
under the ROC curve and by the 95% confidence inter-
val (CI). In this sense, a perfect indicator shows the
area under the ROC curve of 1.00, while the diagonal
line represents the area under the ROC curve of 0.50.
For an indicator to have a significant discriminatory
ability, the area under the ROC curve should be be-
tween 1.00 and 0.50, and the larger the area, the greater
the discriminatory power of the respective indicator.
The 95% CI is another determinant of predictive ca-
pacity, and for the anthropometric, physical, and mo-
tor indicators is considered a significant predictor of
the performance of attention and EF; the lower limit
of the CI cannot be < 0.50 [30].

Additionally, the bivariate and multivariate regres-
sion models between the anthropometric, physical,
and motor indicators for attention and EF were used
to calculate the odds ratio. Pearson’s linear correlation
test was applied to the performance indicator. Statis-
tical significance of the results was set for p < 0.05.
Statistical analysis of the data was performed by us-
ing the SPSS software version 23.0.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Ethics
and Research Committee of the Catholic University
of Brasilia.

Informed consent
Informed consent has been obtained from the legal
guardians of all individuals included in this study.
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Results

The anthropometric, physical, motor, attention, and
EF variables are described in Table 1.

The female children obtained higher values in the
variables of triceps skinfold, XSF, and %BF, as well as
lower values in the variables of waist circumference,
waist-to-hip ratio, conicity index, 90° jump, counter-
movement jump, Yo-Yo test distance, single-transfer
platform, and score and the sum of the MQ in compari-

son with the male children (p < 0.05). In addition, there
were significant differences between males and females
in %BF, unipodal jump, lateral jump, MQ (score), and
MQ (sum).

The areas under the ROC curve with the respec-
tive ClIs for the anthropometric indicators and strength,
motor, and aerobic performances in the predisposition
to the performance of attention and EF are presented
in Tables 2 and 3, respectively.

In Table 2, the conicity index and the countermove-

Table 1. Characterization of the sample with anthropometric data, jumps, aerobic fitness,

and motor coordination depending on sex

Variables Females (n = 147) Males (n = 124) p-value
Body mass (kg) 269 + 7.4 27.7 £ 8.6 041
Height (m) 1.3£0.1 1.28 + 0.1 0.19
Body mass index (kg/m?) 16.7 £ 2.5 16.7 £ 3.0 0.97
Waist circumference (cm) 56.5 £ 6.2 585+ 7.5 0.02
Hip circumference (cm) 67.8 = 7.7 68.3 + 8.6 0.61
Waist-to-hip ratio 0.8 +0.1 0.8 = 0.05 0.01
Conicity index 1.1 £0.1 1.2 +0.1 0.01
Tricipital skinfold (mm) 151 +4.5 13.4 + 45 0.01
Subscapular skinfold (cm) 99 +49 89 +4.6 0.11
Sum of skinfolds (mm) 24.8 £9.1 22.3 £ 8.7 0.02
Body fat (%) 224 +6.1 20.1 + 6.4 0.01
Jump 90° (cm) 17.3 £3.9 19.0 + 3.9 0.01
Countermovement jump (cm) 17.8 £ 4.1 199 £ 4.3 0.01
Yo-Yo test performance (m) 228.3 = 114.9 392.9 + 250.6 0.01
Balance beam (score) 86.6 £ 11.5 84.4 + 10.7 0.1
Unipodal jump (score) 79.2 +12.7 91.2 + 14.5 0.01
Lateral jump (score) 83.5 +12.2 96.1 = 14.1 0.01
Transference of platform (score) 66.8 + 10.7 71.0 = 13.7 0.01
Motor quotient (sum) 315.9 £ 32.3 340.9 + 34.3 0.01
Motor quotient (score) 78.8 £ 15.5 86.7 £ 16.2 0.01
Attention (score) 1029 £ 17.2 102.1 £ 15.0 0.67
Executive function (score) 105.5 + 12.2 106.2 + 11.44 0.62

Table 2. Area under the ROC curve and 95% CI, cut-off point, sensitivity and specificity, and odds ratio
between anthropometric, aerobic, and motor performance indicators and attention

Area under the curve

Sensitivity/

Variables (95% CI) Cut-off point specificity Odds ratio
Body mass index (kg/m?) 0.62 (0.53-0.70) <1742 (0.83-0.70) 0.47 (0.22-0.98)*
Waist circumference (cm) 0.67 (0.59-0.75) <62.50 (0.91-0.72) 0.23 (0.08-0.61)*
Conicity index 0.51 (0.44-0.59) Not predictive
E Sum of skinfolds (mm) 0.64 (0.57-0.71) <31.50 (0.95-0.70) 0.12 (0.38-0.41)*
% Body fat (%) 0.62 (0.54-0.70) < 26.68 (0.90-0.80) 0.24 (0.1-0.60)*
g Yo-Yo test performance (m) 0.56 (0.50-0.64) > 124 (0.98-0.88) 7.93 (1.05-59.78)*

Jump 90° (cm) 0.44 (0.36-0.52) Not predictive

Countermovement jump (cm) 0.42 (0.34-0.50) Not predictive

Motor quotient (score) 0.68 (0.60-0.76) > 69.50 (0.88-0.73) 2.80 (1.20-6.52)*

ROC - receiver operating characteristic, CI - confidence interval

* significant values according to 95% CI
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Table 3. Area under the ROC curve and 95% CI, cut-off point, sensitivity and specificity, and odds ratio
between anthropometric, aerobic, and motor performance indicators and executive function

Area under the curve

Sensitivity/

Variables (95% CI) Cut-off point specificity Odds ratio
Body mass index (kg/m?) 0.69 (0.62-0.76) <18.62 (0.95-0.80) 0.33 (0.12-0.87)*
g Waist circumference (cm) 0.83 (0.77-0.88) <65.53 (0.98-0.88) 0.11 (0.01-0.85)*
£ Conicity index 0.57 (0.50-0.65) Not predictive
E Sum of skinfolds (mm) 0.69 (0.63-0.75) <32.51 (0.98-0.88) 0.12 (0.02-0.91)*
¢ Body fat (%) 0.67 (0.61-0.74) < 27.36 (0.95-0.85) 0.26 (0.08-0.88)*
Z  Yo-Yo test performance (m) 0.60 (0.52-0.67) > 176 (0.83-0.70) 2.38 (1.17-4.84)*
é Jump 90° (cm) 0.33 (0.26-0.41) Not predictive
M Countermovement jump (cm) 0.30 (0.23-0.36) Not predictive
Motor quotient (score) 0.97 (0.95-0.98) > 69.50 (1-0.72) 1.48 (1.34-1.60)*

ROC - receiver operating characteristic, CI - confidence interval

* significant values according to 95% CI

Table 4. Linear Pearson correlation between
the anthropometric variables, power strength,
aerobic fitness, and motor coordination
and attention and executive function

. Attention  Executive

Variables .
(r) function (r)

Body mass index (kg/m?) -0.26 -0.35
Waist circumference (cm) -0.38 -0.56*
Hip circumference (cm) -0.42* -0.62*
Waist-to-hip ratio 0.07 0.15
Conicity index -0.11 -0.16
Sum of skinfolds (mm) -0.30 -0.38
Body fat (%) -0.28 -0.36
Jump 90° (cm) -0.16 -0.28
Countermovement jump (cm)  -0.15 -0.26
Yo-Yo test performance (m) 0.14 0.15
Motor quotient (score) 0.43* 0.63*
Attention (score) 1.0 0.75*
Executive function (score) 0.75* 1.0

* statistically significant correlation, p < 0.05

ment and 90° jumps did not present significant dis-
criminatory power of attention performance (95% CI
< 0.50). On the other hand, the analysis of the BMI,
waist circumference, ZSF, %BF, Yo-Yo test performance,
and MQ (score) demonstrated significant prediction
of attention performance (95% CI > 0.50).

In addition, children that reached values of BMI <
17.42 kg/m?, waist circumference < 62.50 cm, XSF <
31.50 mm, and %BF < 26.68 had 53-88% higher odds
of achieving high and very high attention performance.
Children who ran the distance > 124 m in the Yo-Yo
test and had an MQ score > 69.50 had 7.93 and 2.80
times more chances to reach the high and very high
performance classification on attention, respectively.
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In the analysis of the anthropometric, motor, and
aerobic performance indicators, the significant pre-
dictors of EF performance (95% CI > 0.50) were BMI,
waist circumference, XSF, %BF, Yo-Yo test performance,
and MQ score.

In addition, the results of the odds ratio presented
higher odds of obtaining a high and very high perfor-
mance rating of EF in children who reached the values
of BMI < 18.62 kg/m?, waist circumference < 65.53 cm,
¥SF < 32.51 mm, and %BF < 27.36, representing the
ratio of 67-89% (Table 3). Children who crossed a dis-
tance > 176 m in the Yo-Yo test and reached a score
of MQ > 69.5 were 2.38 and 1.48 times more likely to
reach the high and very high performance rating for
EF, respectively.

The results of the correlation between the anthropo-
metric variables, aerobic fitness, and motor coordination
with attention and EF were demonstrated in Table 4.
A moderate negative correlation was observed for atten-
tion and the hip circumference variables (r = -0.42),
and a moderate positive correlation was reported for
MQ score (r = 0.43). For EF, there was a moderate
correlation with waist circumference (r = -0.56), hip
circumference (r = -0.62), and MQ score (r = 0.63).
Attention and FE correlated strongly (r = 0.75).

Discussion

The main results of the study demonstrated a pre-
dictive capacity of the anthropometric indicators:
53-88% for attention and 67-89% for EF. Cut-off points
established by the ROC curve show values of BMI and
%BF within the classification for eutrophic children
of the age group analysed. The aerobic and motor per-
formance was evidenced to directly influence attention

Human Movement, Vol. 21, No 1, 2020
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and EF, reflecting the chance of children with greater
aerobic fitness to reach 7.93 times higher performance
in attention and 2.38 times in EF. Children who
achieved a motor performance greater than the 69.5
score in the KTK test are 2.80 times more likely to
achieve higher attention performance and 1.48 times
more likely to achieve higher EF performance. The
power showed no influence on attention or EF.

Although there are predictions of the variables men-
tioned above with EF and attention, some of them also
present moderate correlations, such as waist circum-
ference and MQ with negative and positive correlation,
respectively, showing a possible relation of anthropom-
etry and motor profile with EF and attention [31]. This
model suggests that motor coordination may be a fac-
tor that could positively influence EF, and hence it could
be a novel strategy for executive improvement. Further
research is suggested in order to consolidate this evi-
dence, as the cross-over design of our study does not
allow to determine causality between the variables.
However, an important finding of the present study is
the bound between the correlation and the odds ratio
of motor coordination and anthropometric variables
with EF. In this sense, corroborating the present study,
Schmidt et al. [32] verified motor core EFs and academic
achievement in 236 children. The results suggested
that each of the 3 motor abilities was positively related
to children’s academic achievement. Moreover, Geert-
sen et al. [5] observed a strong positive association of
aerobic and motor performance with the best atten-
tion and EF responses in children aged 8-10 years.

Other studies reported similar results in children
aged 7-10 years, highlighting the positive relationship
of greater cerebral electrical activity, precision, memory,
and academic ability with greater aerobic and motor
competence; however, statistical power had no relation
with these highlighted components [10, 13, 16].

Regarding body composition, higher anthropometric
and body composition values seem to negatively affect
EF and attention capacities, and also anthropometric
and body composition values are highlighted in the
eutrophic classification patterns, with a positive effect
on attention and EF. Thus, Kamijo et al. [33] reinforce
the findings of the present study, since they observed
that children with high BMI and %BF presented lower
inhibitory control capacity compared with those with
normal body mass, a phenomenon that may directly
influence school performance, as it was emphasized
that body composition could directly impact on cog-
nitive functions [33], a favourable condition for impair-
ment of social environment, aerobic, strength, motor,
and attention performance, as well as EFs [31].

Overweight and obesity, even during childhood, is
a negative factor for brain development, a condition fa-
vourable to the development of neuro-structural defi-
cits, and may negatively affect EF, as well as less cortex
activation [16]. However, children in adequate body
condition can benefit in physical, health, and EF as-
pects. Thus, it was observed that children with greater
aerobic fitness and motor coordination were eutrophic
and, moreover, these factors were associated with
a higher development of attention and EF process in
the following mechanism: aerobic fitness causes neuro-
functional changes in the brain regions, such as in-
crease in the vascularization and concentration of
neurons, providing conditions for better cognitive pro-
cessing and oxygenation.

Motor coordination is related to cerebral organi-
zation and its control by the responsibility of the cer-
ebellum and its neural circuits interconnected with
the prefrontal cortex. Thus, a motor action with greater
levels of complexity will have the activation of its neural
circuits recruited by the cerebellum and this electric
activity will also act in the regions responsible for the
control of attention and EF [4].

In this sense, physical exercise seems efficient not
only for motor and cardiovascular development, but
also for cognitive and executive gains in children
and adolescents [34]. The positive effect of physical
exercise on EF is better explored when acting with
new and complex motor tasks. In these activities, we
have a greater neural and cognitive recruitment, which
can be explained in 3 domains: cognitive, associative,
and autonomous, represented from the learning of
the movement to its automatization; therefore, during
the learning phases, there is a greater demand for and
recruitment of attention in the initial phases, related
to when the movement becomes autonomic [35, 36].
Indeed, it is interesting to diversify and explore the
complexity of the movement to act on executive benefits;
this integrated action will provide the specific neural
adaptations responsible for motor and cognitive abili-
ties, offering better answers with regard to EF [6].

In this context, it was observed that EF may be vul-
nerable to environmental interference. In addition,
aerobic fitness, motor coordination, and body compo-
sition seem to interfere with EF response [37]. There-
fore, preventing overweight, obesity, and sedentari-
ness in childhood could be a key component of better
academic and social performance [38, 39].

The present study has some limitations that should
be mentioned. Firstly, one must consider the impos-
sibility to define the neurophysiological mechanisms
involved in the results found because of the cross-sec-
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tional design, which does not allow to establish a cause-
effect relationship. Secondly, we did not evaluate the
maturity status of the children, and this factor could
influence attention and EF [37]; however, the effects
of maturity would also impact on cardiorespiratory,
motor, and anthropometric variables. The children
involved in the study sample were in the age group of
6-10 years, and probably in their predominance they
were not sexually mature.

However, regardless of the maturational process,
the effects of acute and chronic intervention in phys-
ical exercises that consider aerobic fitness and motor
exercise in improving the performance of EF in dif-
ferent groups are observed in studies, the body com-
position acts in a way opposite to the above [8, 9, 30,
34, 40-42].

In contrast, the present study identified anthropo-
metric, aerobic, and motor performance indicators with
discriminatory power over attention and EF regardless
the sex. In addition, the need for future studies that
would investigate the application of these indicators
to cognitive performance is highlighted.

Another interesting result of the study was the lack
of difference between the male and female children in
attention and EF. In contrast, the literature suggests
that girls of 6-10 years of age may present greater
executive control compared with boys; however, the
EFs did not differ between the groups. This response
may be due to the boys achieving greater motor and
cardiorespiratory performances than the girls, a con-
dition that may have elsewhere influenced the differ-
ence in EFs between groups [3, 10, 12].

Conclusions

Recent research [1, 7, 13, 15] has presumed that
body composition, cardiorespiratory fitness, and motor
coordination are possible indicators of association in
forming attention and EF; however, few studies have
been performed in childhood to investigate the pre-
dictive capacity of these variables as possible indica-
tors of the performance of attention and EF. This study
explored these variables as predictors and their re-
spective cut-off points of attention and EF in children.
Therefore, it is concluded that EF seems to be directly
influenced by anthropometric components, as well as
aerobic and motor performance since the anthropo-
metric, aerobic, and motor variables were pointed out
as interesting indicators of EF promotion.
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