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The three-way interplay of motor coordination, body fatness
and physical activity in adolescents: a preliminary study
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Summary

Study aim: The purposes of this study were to analyze: the influence of physical activity level on the association between motor
coordination and body fatness; the influence of body fatness on the association between motor coordination and physical activ-
ity; and how much physical activity and body fatness, separately and together, explain motor coordination in adolescent boys.
Material and methods: Fifty-one boys (n = 51), aged between 12 and 14 years, participated in the study. Motor coordination
and physical activity and body fat percentage were assessed with, respectively, the Korperkoordinationstest fiir Kinder (KTK)
and a validated self-administered questionnaire (PAQ-C). Skinfold thickness was measured to assess the participant’s body fat
percentage. The Kruskal-Wallis test was performed to compare levels of motor coordination, physical activity, and body fat
according to age (12, 13, 14 years). Bivariate and partial correlations were used to analyze the interrelationships among the
selected variables.

Results: In the total studied group (n = 51 boys), motor coordination was positively associated with physical activity level
(r = 0.300) and negatively associated with body fatness (r = —0.297). However, these associations were not statistically sig-
nificant (p > 0.05) when controlled for body fatness and physical activity, respectively. Also, body fat and physical activity
together explained 11% of the variance in the motor coordination level in adolescent boys.

Conclusions: These findings suggest that body fatness can influence the association between motor coordination and physical
activity as well as that physical activity level can influence the association between motor coordination and body fat percentage.
Also, body fat and physical activity together, but not separately, partially explained the variance in the motor coordination level.
Therefore, body fat and physical activity seem to be complementarily associated with motor coordination in adolescent boys.
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Although there is a growing body of knowledge about
the associations between motor coordination level and
health-related attributes, some specific issues in this inter-

Introduction

It is known that adequate motor coordination ability is
not only related to children’s general development [8], but
it is also associated with some health-related gains, such as
levels of body fat and physical activity [4]. In this sense, ev-
idence suggests that motor coordination level is negatively
associated with body fat percentage [1, 6, 10] and positively
associated with physical activity level [11, 14, 17, 21] in
children and adolescents. Therefore, it is expected that chil-
dren and adolescents with a higher body fat percentage and/
or lower physical activity level will have poorer motor co-
ordination than their peers with a lower body fat percentage
and/or higher physical activity level.

relationship need to be better explored. Overall, evidence
is limited concerning the three-way interplay of motor co-
ordination, body fat and physical activity in children and
adolescents. Indeed, most of the evidence about the topic
has been obtained based on bivariate analyses between
motor coordination and health-related attributes [5], which
may have biased the findings and interpretations.

It is important to highlight having elevated levels of
body fatness and physical activity are not mutually exclu-
sive conditions. In fact, in practice we can see that not all in-
dividuals with a high body fat percentage display a low mo-
tor coordination level and/or are physically inactive. Thus, it
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seems plausible to consider the hypothesis that the physical

activity level can influence the association between levels

of motor coordination and body fatness, as well as that the
levels of body fatness can influence the association between
levels of motor coordination and physical activity.

Morrison et al. [16] found that the body fat percentage
influenced the association between levels of motor coordi-
nation and physical activity in girls, but not in boys. Cha-
gas and Batista [3], analyzing a mixed sample of adoles-
cent boys and girls, found that the physical activity level
can influence the association between motor coordination
level and body mass index. In another study, Chagas and
Batista [5] found that the associations between motor co-
ordination and physical activity, as well as between motor
coordination and body fat percentage, were not influenced
by body fat percentage and physical activity level, respec-
tively, in adolescent girls.

Literature about the topic is, therefore, controversial
and scarce, mainly concerning adolescent boys. Thus, the
purposes of this study were:

1) to analyze the influence of physical activity level on
the association between motor coordination and body
fatness;

2) to analyze the influence of body fatness on the associa-
tion between motor coordination and physical activity;

3) to examine how much physical activity and body fat-
ness, separately and together, explain motor coordina-
tion in adolescent boys.

Material and methods

Fifty-one boys (n = 51) from a full time public school
were recruited to participate in this study. A power anal-
ysis conducted with G¥*POWER 3.1 (Universitat Kiel,
Germany) revealed that this sample size was appropri-
ate for a power analysis of 0.80 (B = 0.20), an o = 0.05
and an effect size from moderate to large. The means and
standard deviations (SD) of age, body mass and stature
of participants are, respectively, 13.8 years (£0.6), 49.4 kg
(x12.0) and 1.61 m (£0.1). Students regularly enrolled in
the school aged between 12 and 14 years old, without in-
jury or disease that could affect the motor performance,
were included in this investigation. Ethical approval for
this study was obtained from the University Ethics Com-
mittee and parental consent and child assent were obtained
prior to participation in the research.

All measurements were performed by a single expert
assessor. The physical activity questionnaire was adminis-
tered within the classroom. Anthropometry and motor co-
ordination tests were administered in a school gymnasium
during the school day and lasted approximately 25 min per
participant. Participants were assessed according to their
classroom group within a period of one week.

Body mass was measured to the nearest 0.1 kg using
an electronic scale with participants wearing their school
uniform. Standing height was measured while unshod with
a meter wall to the nearest 0.1 cm. Triceps and gastrocne-
mius skinfold thickness were measured using a skin cali-
per, and the mean values were converted to percent (%)
body fat using the Slaughter equation [18].

The Physical Activity Questionnaire for Older Chil-
dren (PAQ-C), a valid [13] and self-administered 7-day re-
call instrument, was used to assess general levels of physi-
cal activity of participants. The PAQ-C is appropriate for
elementary school-aged children approximately between
8 and 14 years old who are currently in the school sys-
tem and have recess as a regular part of their school week.
The summary score from the PAQ-C is the average of the
sum of the nine item questions, each scored on a five-point
scale. Before using the PAQ-C, it was translated and cross-
culturally adapted into the language of participants, whose
mother tongue was not English, through a structured
method using forward-translation and back-translation
procedures [2]. The psychometric properties of the new
version of PAQ-C reached an adequate level (Cronbach’s
o = 0.85-0.87, intraclass correlation coefficient = 0.90).

Motor coordination level was assessed with the KTK by
a single trained assessor. The KTK is a reliable a nd valid
instrument [12] for middle school-aged children and con-
sists of four test items: (1) walking backwards along bal-
ance beams of decreasing width; (2) one-legged hopping
over an obstacle, formed by an increasing pile of pillows;
(3) two-legged jumping sideways across a wooden slat for
15 s as quickly as possible; and (4) moving sideways on
wooden boards lasting 20 s as many times as possible. All
four scores were gender — and age-adjusted. The motor co-
ordination level for each participant was derived from the
sum of the four age-adjusted scores obtained in the tests.

Descriptive statistics were determined for all variables.
The Kolmogorov-Smirnov test confirmed acceptable nor-
mality of the data distribution of entire sample (n = 51
participants). The Kruskal-Wallis test was performed to
compare levels of motor coordination, physical activity,
and body fatness according to age (12, 13, and 14 years
old). Pearson’s correlation coefficient was used to exam-
ine the bivariate relationships among motor coordination,
body fatness and physical activity level. Partial correla-
tion was used to examine the association between motor
coordination and body fatness, controlling for physical
activity level. Also, partial correlation was used to exam-
ine the association between motor coordination and physi-
cal activity, controlling for body fatness. The following
categories were adopted for classifying the strength of
the correlation coefficient: little or inexistent (r < 0.25),
weak (0.25 <t < 0.50), moderate (0.50 <r <0.70), strong
(0.70 < r < 0.90) and very strong (r > 0.90). Regression
analysis was used to show how much physical activity and



Motor coordination and health outcomes

99

body fat percentage, separately and together, can explain
motor coordination. A significance level of 5% (a = 0.05)
was adopted in all statistical tests. Data analysis was ex-
ecuted using IBM SPSS® software ver. 22.0.

Results

Descriptive data, including mean (+SD) and confidence
interval (CI) of motor coordination, physical activity level

and body fatness of participants (n = 51) were, respective-
ly, as follows: 95.2 £ 15.9 and CIL: 90.7-99.7; 3.0 = 0.7
and CI: 2.8-3.2; 16.0 = 7.1 and CI: 14.0-18.1. Descriptive
data for these variables stratified by age are displayed in
Figures 1-3.

Among 51 participants, seven (n = 7) were 12 years,
eighteen (n = 18) were 13 years and twenty six (n = 26)
were 14 years old. There were no significant differences
(p > 0.05) in motor coordination, physical activity and
body fat percentage among age groups (Figures 1-3).
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Fig. 3. Mean (+standard deviation) physical activity level (nondimensional measure) across age groups. Error bar denotes
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Then, correlational analyses in this study were performed
using the sample as a whole (n = 51).

Motor coordination level was weakly correlated with
the physical activity level and body fatness. Also, partial
correlation analyses revealed that these correlations were
not statistically significant when controlled for body fat-
ness and physical activity, respectively. Both Pearson and
partial correlations coefficient are described in Table 1. In
addition, the bivariate correlation between body fat and
physical activity level was not significant (r = —0.227;
p=0.110).

Table 1. Pearson and partial correlations coefficients among
motor coordination, physical activity and % body fat in
adolescent boys (n = 51)

Bivariate Partial
Motor coordination and 0.300 0.250f
physical activity (p=10.032) (p =0.080)
Motor coordination and -0.297 —0.247+
% body fat (p=0.032) (p=0.084)

t — partial correlation controlled for % body fat; § — partial correlation
controlled for physical activity.

Multiple regression analysis revealed that body fat
and physical activity, together, explained 11.0% of the
variance (adjusted R?2=0.110; F = 4.084, p = 0.023) in the
motor coordination level. However, body fat and physical
activity, separately, did not significantly predict motor co-
ordination level (Table 2).

Discussion

This study analyzed the three-way interplay of motor
coordination, body fatness and physical activity in ado-
lescent boys. The results suggested that body fatness can
influence the associations between motor coordination and
physical activity level. Also, physical activity level influ-
enced the associations between motor coordination and
body fatness in adolescent boys. Finally, body fatness and
physical activity together explained 11% of variance in the
motor coordination level.

Correlation analysis revealed that physical activity lev-
el was negatively, but insignificantly, associated with body
fat percentage. Although these variables tend to be nega-
tively associated [1, 19], it is important to highlight that

Table 2. Coefficients () of the independent variables in the multiple linear regression model

Independent variable B (unstandardized) B (standard error) B (standardized) Significance of B (t test)
%body fat —0.540 0.306 —0.242 0.084
Physical activity 5.264 2.942 0.245 0.080
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not all individuals with a high body fat percentage have
low levels of physical activity. Therefore, these findings
confirm the assumption that having elevated body fatness
and increased levels of physical activity are not mutually
exclusive conditions.

In line with previous findings [3, 5, 6, 8, 10, 20], the
results of this study indicated that motor coordination
level and body fatness are negatively associated in ado-
lescent boys. A plausible explanation for these results is
based on biomechanical principles. That is, the higher the
amount of body mass of an individual, the higher is the in-
ertial moment, as well as the higher the mechanical work
required to perform motor tasks, especially those which
demand weight-bearing. This explanation is known as the
weight-bearing hypothesis [7]. Therefore, our findings
were expected, because the test used to assess motor co-
ordination in this study, the KTK, involves weight-bearing
tasks, such as skipping and moving quickly.

Overall, previous studies suggest that levels of motor
coordination and physical activity level are positively as-
sociated [11, 14, 15, 17, 21]. Our findings corroborated
these previous results. In this regard, Stodden et al. [19]
proposed a conceptual model in which the level of physi-
cal activity contributes to the development of motor com-
petence, and vice versa. Therefore, it was expected that
levels of motor coordination and physical activity would
have a positive correlation in adolescent boys.

The correlation between motor coordination and phys-
ical activity was not significant when controlled for body
fatness in adolescent boys. Also, the correlation between
motor coordination and body fatness was not significant
when controlled for physical activity. These results indi-
cate that body fatness influences the association between
motor coordination and physical activity. Further, in line
with a previous study [3], these results suggest that physi-
cal activity influence the association between motor co-
ordination and body fatness in adolescents [3]. Although
it is well documented that motor coordination level is
negatively associated with body fatness [3, 5, 6, 8, 10, 20]
and positively associated with physical activity [11, 14,
17, 21], there are other variables that can interfere with
this relationship. In this regard, D’Hondt et al. [8] argued
that the negative association between motor coordination
and body fatness is mediated by several alternative, and
possibly complementary mechanisms.

Multiple regression analysis revealed that body fat and
physical activity, separately, did not significantly predict
motor coordination level. These findings were expected
due to weak bivariate correlations found in the associa-
tions of motor coordination with body fat and physical ac-
tivity. On the other hand, body fat and physical activity,
together, explained 11% of the variance in the motor coor-
dination level. Altogether, these findings suggest that body

fat and physical activity are complementarily associated
with motor coordination in adolescent boys.

First, it is important to highlight that it is difficult to
make comparisons across investigations due to differences
related to study designs. However, it seems plausible that
the differences in the results between studies may be re-
lated to the magnitude of the physical activity level and
body fatness of participants. As previously argued [5], the
influence of confounding of body fatness and physical ac-
tivity level on the associations between motor coordina-
tion and physical activity, and between motor coordina-
tion and body fatness, respectively, may be related to the
magnitude of these variables. Additional studies should be
performed to test this hypothesis.

The motor coordination level showed by individuals
is a complex phenomenon that is associated with factors
related to the individual and the constraints of the task and
the environment [9]. For example, the individual’s body
fatness interferes with the mechanical work performed
in certain motor tasks, and his motor coordination level
also depends on other factors, such as the experienced op-
portunities with practice throughout the lifespan. In fact,
adolescents with higher body fatness may have higher lev-
els of physical activity and motor coordination than their
peers with lower body fatness. Thus, physical activity
level of an individual can minimize the negative associa-
tion between body fatness and motor coordination level.
Similarly, a high level of body fatness may minimize the
positive association between physical activity level and
motor coordination. The findings of this present investiga-
tion suggest that the study of the association between mo-
tor coordination level and health-related attributes should
not be restricted to the bivariate analysis between such
variables.

The physical activity level may influence the associa-
tion between motor coordination level and body fatness
in adolescent boys. Likewise, body fatness may influence
the association between motor coordination and physical
activity in adolescent boys. Also, body fat and physical
activity together, but not separately, partially explained the
variance in the motor coordination level. Therefore, body
fat and physical activity seem to be complementarily as-
sociated with motor coordination in adolescent boys.
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