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Motor coordination in children: the associations wih body composition, sedentary
behaviour and academic achievement

Abstract

Introduction: This thesis focuses on the role of motor coorddmatn children’s health-
related behaviours and cognitive outcomes. Thesefibris study explores the relationships
between motor coordination (MC) and body composijtisedentary behaviour (SB) and
academic achievement (AA) in elementary schoolcéil. This work presents four papers in
the body of the thesis and two papers in the arms&etion as an integrated part of the PhD
process. The specific objectives were: to evalubhte relationship between objectively
measured SB and MC in Portuguese children (age@ 9ehrs), accounting fophysical
activity (PA), accelerometer wear time, waist-togihe ratio, and mother’s education level
(PAPER 1); to quantify maternal misclassificatioh ahild weight status in a sample of
Portuguese children aged 9 to 12 years, accordiggnder, family income, maternal weight
status, education level and age (PAPER Il); to rdatee the ability (sensibility and
specificity) of different measures of adiposity dgomass index, waist circumference, body
fat percentage and waist-to-height ratio) to dimanate between low/high motor coordination
in a sample of children aged 9-12 years (PAPER tihl)evaluate the relationship between
gross MC and AA in Portuguese children aged 9-l&sjeaccounting for cardiorespiratory
fitness, body mass index, and socioeconomic s{RBER 1V).

Methods: Data for this exploratory cross-sectional schaaddal study are derived from the
Bracara Study (2009/2010). The sample comprisedpa®@tcipants (281 girls) aged 9-to 12
years from 13 urban public elementary schoofsdrade) in the north of Portugal. MC was
assessed with Korperkoordination Test fur KindeTKIK PA and SB were measured by
accelerometry (Actigraph GT1M). Height, weight amdist circumference were measured
with standardized protocols and instruments. Bodly gercentage was estimated by a
bioelectric impedance digital scale (Tanita TBF-B@hardiorespiratory fithess was assessed
with the Fitnessgram battery. Th& grade national exams were used as a measure of AA.
Parents or guardians were also invited to partieiplarough socio-biographic, PA and other
health-related behaviour questionnaires.

Results In paper |, aeceiver operating characteristic (ROC) analyseasd that sedentary
time significantly discriminated between childreftrwiow MC and high MC, with a best
trade off between sensitivity and specificity lgpiachieved at77.29% and>76.48% for
girls and boys respectively (p<0.05 for both). thbgenders, the low sedentary group had
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significantly higher odds of having good MC thae tiigher sedentary group, independent of
PA, accelerometer wear time, waist-to-height ratimg mother’s education level (p<0.05 for
both). In paper Il, the prevalence of underweigivierweight, and obesity in children were
4.6%, 25.5%, and 6.4%, respectively. 65.2% of undight and 61.6% of overweight/obese
children’s were misclassified by their mothers. Hue majority of variables presented, the
values of agreement were fair (k ranged 0.257 48@), but were statistically significant.
Significant differences in the percentages of matheho correctly classified their children’s
weight status were only found among the most eedcet the overweight/obese group and
among the normal weight mothers in the underweggbiip. In paper lll, ROC curve analysis
showed that all measures of adiposity performed @arelaverage in identifying low MC, as
indicated by the area under the curve greater th@nThe ROC performance of body fat
percentage showed a slightly better discriminateguracy than body mass index, waist
circumference and waist-to-height ratio in predigtiow MC in girls. In boys, the ROC
performance of waist circumference showed a shghdtter discriminatory accuracy than
body mass index, body fat percentage and waiseighh ratio in predicting low MC. After
adjustments, logistic regression analyses showatdbitdy mass index, waist circumference,
body fat percentage and waist-to-height ratio wawsitively and significantly associated
with MC in both sexes, with the exception of wa®tieight ratio in girls. In paper 1V,
51.6% of the sample exhibited MC disorders or MGufficiency and none of the
participants showed very good MC. In both gendenddren with insufficient MC or MC
disorders exhibited a higher probability of haviogy AA, compared with those with normal
or good MC (p<0.05 for trend for both) after adingtfor cardiorespiratory fithess, body
mass index and socioeconomic status.

Conclusions Adequate levels of MC in children have essentigbortance since it were
found to be positive related with health-relatechda@ours and cognitive outcomes. Our
findings suggest that PA leveper semay not overcome the deleterious influence of high
levels of SB on MC. Our data stress the importasfcdiscouraging SB among children to
improve MC (paper I). Many mothers do not propeedgognize their children’s weight status
and frequently underestimate their children’s betye (paper Il). Body fat percentage and
waist circumference showed a slightly better dimaratory accuracy in predicting low MC,
for girls and for boys, respectively (paper ll)hi@ren of both genders with lower MC had
higher odds of having low AA, after adjusting fatential confounding factors (paper V).
Key-words: motor coordination, sedentary behaviour, physiaetivity, accelerometry,

parental perceptions, body composition, acadentiaement, children.
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Coordenacdo motora em criangas: associacdes comamposicao corporal, o
comportamento sedentéario e o desempenho académico

Resumo

Introducdo: Esta tese centra-se no papel da coordenacéo n{Gghanos comportamentos
relacionados com a saude e nos resultados coghéiviocriangas com idades compreendidas
entre 0s 9 e os 12 anos. Neste sentido, este esiplora as relacbes entre a CM e a
composicao corporal, o comportamento sedentariy ¢@Sdesempenho académico (DA) em
criancas. Este trabalho apresenta quatro artigosormm da tese e dois artigos nos anexos
como parte integrante do processo de doutoram@stobjectivos especificos foram: avaliar
a relagcéo entre o CS objectivamente medido e adiMtando para a actividade fisica (AF),
o tempo de utilizacdo do acelerometro, o racicucadtltura e o nivel de escolaridade da méae
(artigo 1); quantificar os erros de classificacao pkso corporal das criangas por parte das
maes, de acordo com 0 sexo, 0 estatuto socioecoodmais criancas, 0 peso corporal, a
escolaridade e a idade da mae (artigo ll); detaamiam capacidade (sensibilidade e
especificidade) de diferentes medidas de adiposi@iadice de massa corporal, perimetro da
cintura, percentagem de massa gorda e o raciorafaliwra) para descriminar entre
baixa/elevada CM (artigo IIl); avaliar a relacadrera CM e o DA, ajustando para a aptidao
cardiorrespiratoria, indice de massa corporal stat@to socioeconémico (artigo 1V).

Métodos: A amostra foi constituida de 596 participantesl(28eninas) do 4° ano de
escolaridade, com idades compreendidas entre as 42 anos, de 13 escolas publicas do 1°
ciclo de caréacter urbano do norte de Portugal,nwlectivo 2009-2010. A CM foi avaliada
pela bateria de testes Korperkoordination TestKiinder (KTK). A AF e o CS foram
medidos por acelerometria (ActiGraph GT1M)altura, o peso foram medidos recorrendo a
instrumentos e a protocolos standartizados. A peagem de massa gorda foi aferida através
de bioempedancia (balanca digital Tanita TBF-308).aptiddo cardio-respiratoria foi
determinada pela bateria de testes do Fitnessghanprovas de afericdo do 4° ano de
escolaridade foram usadas como medidas do DA. ®aiencarregados de educacdo
participaram no estudo através do preenchimentudstionarios socio-biograficos, de AF e
outros comportamentos relacionados com a saude.

Resultados No artigo |, a analise dasurvas (receiver operating characteristic — ROC)
mostraram que o tempo em CS descriminou signii@atente entre criancas com baixa CM
e elevada CMsendo o melhor equilibriaréde of) entre sensibilidade e especificidade

alcancado comr77.29% e>76.48%, respectivamente para meninas e meninosOfpy@ra



ambos). Em ambos 0s sexos, 0 grupo com baixo C® tawa probabilidade
significativamente maior de ter uma boa CM do quegropo com elevado CS,
independentemente das variaveis de ajuste (p<@@bagmbos). No artigo Il, a prevaléncia
de baixo peso, excesso de peso e obesidade fagapectivamente 4.6%, 25.5%, e 6.4%.
65.2% das criancas com baixo peso e 61.6% dascasatbm excesso de peso/obesidade
foram incorrectamente classificadas pelas resmectmées. Na maioria das variaveis
apresentadas, os valores de concordancia encomtfadom moderados (k entre 0.257 e
0.486), no entanto significativos. Diferencas digativas, nas maes que classificaram
correctamente o peso corporal dos seus filhosimf@aenas encontradas nas maes com mais
elevada escolaridade, no grupo de criancas conssx@e peso/obesidade, e nas mées com
peso normal, no grupo de criangas com baixo pesarhgo Ill, a performance das curvas
ROC para a percentagem de massa gorda mostrou etharrprecisdo discriminatéria do
gue as restantes, na predicdo de baixa CM em nseriits meninos, a performance das
curvas ROC para o perimetro da cintura mostroumelaor precisdo discriminatoria do que
as demais, na predi¢cdo de baixa CM. A andlise giessdo logistica mostrou que todas as
medidas de adiposidade estavam positiva e sigtvaaente associados com a CM em
ambos 0s géneros, com a excepc¢ao do racio cirltura/aas meninas. No artigo 1V, 51.6%
dos participantes apresentaram disturbios da Ciisuficiéncias da CM e nenhuma crianca
foi classificada com boa CM. Em ambos os génergmgas classificadas com disturbios da
CM ou insuficiéncias da CM apresentaram uma maiobabilidade de manifestarem baixo
DA, comparados com aqueles que foram classificados CM normal ou CM boa (p<0.05
para a tendéncia em ambos).

Conclus@es Niveis adequados de CM em criancas tém uma idpce crucial, quer para 0s
comportamentos relacionados com a salude quer salados cognitivos/académicos. Os
resultados sugerem que os niveis dep@Fsepodem nédo superar as influéncias prejudiciais
gue os elevados niveis de CS tém na CM. Estestadssl evidenciam a importancia de
desencorajar o CS nas criancas de forma a mellao@M (artigo I). Muitas mées né&o
percepcionam correctamente o peso corporal dossfith frequentemente substimam-no
(artigo 11). A percentagem de massa gorda e o mrinta cintura apresentaram uma melhor
precisao discriminatéria na predicdo de baixa Gddpectivamente em meninas e meninos
(artigo 1l). Criancas de ambos os géneros comeb@ikl tiveram uma maior probabilidade
de serem classificados com baixo RA (artigo 1V).

Palavras-chave: coordenacdo motora, comportamento sedentario,videdie fisica,

acelerometria, percepcdes parentais, composic@oredr desempenho académico e criancgas.
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1. Introduction







Introduction

“A person’s motor behaviour position at any paimthis life reflects his past movement

experiences and presages his future ones” (Claf§g)2

Considering that most, if not all, measurable behavmanifests itself in the form of
movement, it is not surprising that movement i<@iufor humans’ survival. In our lives we
produce a wide range of movements vital to our pedelence, interactions with the world
and personal safety (Utley & Astill, 2008). Our aapy to move is an essential aspect of our
evolutionary development as important as the ewmiubf our intellectual and emotional
capacities (Schmidt, 1991).

Although motor development, motor learning and matantrol are well establish in
literature as different fields under the umbrellarmtor behaviour, the lines separating these
areas have become increasingly blurred (Thomas§)2@ccording to Schmidt and Lee
(2005) and Ulrich & Reeve (2005), there is no geaglanation for separating the study of
any of these fields from one another, because thexaignificant overlap in scientific issues,
theories, and methods. Furthermore, the artifeggaration can hamper the understanding of
issues across all three areas (Fischman, 2007NeMgell's (1986) model suggests, in any
motor skill performance context, there are threeracting sources of constraint: the task,
organism, and environment. Therefore, we shar@éngpective of Ulrich and Reeve (2005)
that suggests that the field adopt the unifying @aaf motor behaviour defined as
“understanding of the processes underlying motdiopmance across the lifespan”.

When studying the motor behaviour, a developmegmtaspective is essential to our
understanding of movement and mobility (Clark, 2005ws, it is important to understand
the differences between growth (generally refertiagphysical growth) and development
(changes occurring throughout the life span), al a® between learning (resulting in
permanent changes in the ability to perform a eftiinovement) and performance (changes
in the observable product of movement).

In literature on motor skill development, the focus mostly on the
proficiency/competence level in movement skills. tdocompetence can be defined as a
person’s ability to execute different motor actsluding coordination of both fine and gross
motor skills (Henderson & Sugden, 1992). The dgwelent of motor competence during
infancy and childhood is dependent upon and infltednaccording to the pattern that is
established by two factors namely, biological fastavhich include genetics, gender and

maturation, and environmental factors which includexperience, opportunity,
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encouragement, demographics and social factordaftea, 1982; Thomas, 2000; Thomas,
2001) and their interactions (Newell, 1986).

Multiple terms are used to describe a high motall performance (coordinated
motor behaviour), including variations of the fallimg: high motor competence, high motor
proficiency, high motor skill competence, high motskill proficiency, high motor
coordination (MC), high fundamental movement skiligoficiency, skilfulness. The
terminology used for low motor skill performancen¢oordinated motor behaviour) include
variations of the following: developmental coordina disorder, motor skills disorder,
coordination disorder, incoordination, clumsinepspr/low motor competence, poor/low
MC, poor/low motor proficiency, poor/low fundamehtaovement skills proficiency, poor
motor difficulties, and motor impairment. Althoudfe terms are often interchangeable, the
practice lacks precision, while there is consideraverlap between these concepts, because
they do not always refer to the same thing. Givenlack of agreement on the use of one
particular term to describe children with movemeoimpetency, the original terms that the
authors used in their studies to identify the aleildwith whom they were working will be
used. Therefore, in this thesis, the original teapplied by each author/study were adopted
in order to respect the study’s origin, how the eraent outcomes were assessed (product or
process), the age group involved, and the objectipeoposed. The term “motor
coordination” (MC) used in this thesis is a genéeain that encompasses various aspects of
movement competency. We used the term “motor coatdin” (MC) in this study as it
specifically aligns with the language used in tlssessment implemented for this study
(Kiphard-Schilling body coordination test) and witevious literature that has used the same
assessment.

It is also important to define some other conceged in this thesis, such as; physical
activity (PA) is defined as any bodily movementguwoed by skeletal muscles that results in
energy expenditure beyond basal metabolic ratep@asn, Powell, & Christenson, 1985).
Physical fitness is a set of attributes related p@rson’s ability to perform physical activities
that require aerobic fitness, endurance, strengtHlexibility and is determined by a
combination of regular activity and genetically emited ability (Hussey, Bell, Bennett,
O'Dwyer, & Gormley, 2007). Cardiorespiratory fitsegeflects the overall capacity of the
cardiovascular and pulmonary systems to supply exyturing sustained exercise, as well as
the ability to perform such exercise (Taylor, Bukk& Henschel, 1955).

One of the cornerstones of a physically activestifie is motor skill competence

(Ennis, 2011). It has been suggested that an apat®pmcquisition of MC contributes to
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children’s physical, cognitive, and social develgmn(Payne & Isaacs, 1995). A proper MC
level is essential for strong general developmest, well as for health, psychosocial
development, and well-being (Haga, 2008b; Piek,nBay, & Barrett, 2006). Since it is know
that motor development is interrelated with cogeitdevelopment, because they share the
same neuronal structures (cerebellum and the fréole), when there are perturbations
(genetic or environmental) that affect motor systancognition it is often the case that both
motor and cognitive functions are affected (Diamor000). Therefore, children’s
development cannot be separated easily into dismed developmental domains (Smith,
Thelen, Titzer, & McLin, 1999), rather it is the wlb child that needs our attention
(Bowman, Burns, & Donovan, 2001). Furthermoresikinow that early school motor skills
assessment may increased the predictability of lathievement and the probability of
identifying children at risk for school failure (8& Meisels, 2006). Additionally, a recent 9
years longitudinal study in children (7-9 until §&ars of age) showed for the first time that
an intervention program with increased physicalivagt and motor skills training could
improve school achievements (Ericsson & Karlss&i2).

The early childhood years are a critical time foe tdevelopment of fundamental
movement skills (FMS), which are considered theldmg blocks of more complex
movements (Clark & Metcalfe, 2002) and a key fadtothe promotion of lifelong active
lifestyles (Clark, 2005; Stodden et al., 2008). r&tver, insufficiently developed movement
skills have been identified as an important barteedater participation in PA (Allender,
Cowburn, & Foster, 2006), and it is known that matkills have been observed to tracked
during childhood (Malina, 1996). Likewise, thesallskneed to be learned, practiced and
reinforced through developmentally appropriate nmoeet programmes (Logan, Robinson,
Wilson, & Lucas, 2011). According to Clark (2005pand the age of seven, children shift
from the period of fundamental motor skills, in wiithey learn and practice through a
variety of activities, to a new period in which yheegin to implement skills in more complex
contexts, such as games. This "context specificibgeoccurs about the same time as the
qualitative shift occurs toward higher cognitivevelepment. Therefore, this thesis focuses
on assessing MC in fourth grade children, after FMS period, because in this period,
children are still mastering motor skills; conseaflye their movement patterns are often
extremely variable. The other reason was that tiaelemic achievement (AA) was assessed
using direct/objective indicators (scores on staidad tests) through the Portuguese
Language and Mathematics National Exams which aedatory for all # grade students.

Also our interest emerges on the evidences thabmskill proficiency levels among young
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children have been described as suboptimal (OkeBo&th, 2004). Poor MC as become a
growing issue of interest based on the fact thatiggency levels are tracked into childhood
and adolescence (Branta, Haubenstricker, & Seefed#i4; McKenzie et al., 2002) and are
related to health outcomes such as adiposity (DdHenal., 2011; Graf et al., 2004; Lopes,
Stodden, Bianchi, Maia, & Rodrigues, 2011; OkelygoB, & Chey, 2004), self-esteem
(Ulrich, 1987), cardiorespiratory fitness (Okelypdh, & Patterson, 2001a), PA (Barnett,
Morgan, Van Beurden, Ball, & Lubans, 2011; Burgakt 2011; Okely, Booth, & Patterson,
2001b; Williams et al., 2008; Wrotniak, Epstein,rBoJones, & Kondilis, 2006), sedentary
behaviour (SB) (Williams et al., 2008; Wrotniakadt, 2006) and AA (Piek, Dawson, Smith,
& Gasson, 2008; Son & Meisels, 2006), particulamlghildren who face unusual difficulties
in performing motor skills, despite not having itléable neurological or sensory problems
and their being of normal intelligence (Venetsamobwal., 2011). These children are said to
suffer from developmental coordination disorder (CDCD is defined as a condition
marked by a significant impairment in the developtnef MC, which interferes with AA
and/or activities of daily living. These difficudts are not due to a general medical condition
(psychiatric, neurological, or other medical coimh} and are in excess of any learning
difficulties, if present (APA, 1994, 2000).

Data for the present study are derived from thec@®i@ Study aimed to evaluate the
relations between MC, PA, SB, physical fitness, yoatbmposition, AA and health
behaviours among elementary school children (2tgetars old). Parents or guardians were
also invited to participate through socio-biograpH?A and other health-related behaviour
guestionnaires as described in detail in the metheettion of this thesis. The studies
presented in this thesis four papers in the bodthefthesis and two papers in the annexes
section are an integrated part of the PhD process.

This thesis focuses on the role of motor coordamatin children’s health-related
behaviours and cognitive outcomes. Therefore tlesgmt study explores the relationships
between motor coordination and body compositiordestary behaviour and academic
achievement in elementary school children.

The specific objectives on which this thesis waseleaare as follows:

1. to evaluate the relationship between objectivelyasneed SB and MC Portuguese

children (aged 9-10 years), accounting B, accelerometer wear time, waist-to-
height ratio, and mother’s education level (PAPER |
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2. to quantify maternal misclassification of child gei status in a sample of
Portuguese children aged 9 to 12 years, accordingender, family income,
maternal weight status, education level and agd>@RAll)

3. to determine the ability (sensibility and spect§giof different measures of
adiposity (body mass index, waist circumferencalybiat percentage and waist-
to-height ratio) to discriminate between low/higletor coordination in a sample
of children aged 9-12 years (PAPER IlII)

4. to evaluate the relationship between gross MC aAdirA Portuguese children
aged 9-12 years, accounting for cardiorespiratanes$s, body mass index, and
socioeconomic status (PAPER 1V)

The two papers annexed in this thesis, as an stegjpart of the PhD process, had

the following aims:

5. to analyse the relation between usual PA and gmost®r abilities and motor
coordination in children aged 6 to 7 years (PAPER V

6. to analyze the effects of an intervention stratégging school recess on physical
activity levels by gender, age and body mass ifB&PER VI)






2. Background







Background

According to Clark and Whitall (1989), the histasy motor development could be
divided into four periods: Precursor (1787-1928)c(fs on product development, nature
versus nurture argument), Maturational (1928-194f9)cus on maturation, which is
genetically predetermined), Normative (1946-1976¢4{s on the movement skills in school-
age children), and Process-oriented (1970-predémtus on hypothesis-driven research).
During this last period, three major theoreticahgtioucts emerge: the information-processing
approach stated that movement is simple input-autgday information (the brain receives,
processes, and interprets information in orderetlssignals to produce skilled coordinated
movements); the ecological psychology perspecttated that actions are determined by
many internal (of the individual) and external (frahe environment) factors; the dynamic
systems theory stated that movement emerges bastuk anteraction between the task, the
environment, and the individual.

It is through movement that we interact with therldceither by moving around in
different contexts or handling objects, or by degwith other people (Utley & Astill, 2008).
However, it is required that these movements mighadaptive, goal-directed actions that
are goal-achieving (Clark, 2005). In this contdiérature has devoted some discussion to
what is meant by the term “skill”. Most researchagsee with Schmidt’s definition that skills
are movements that are learned and “dependent actiqgg and experience for their
execution, as opposed to being genetically defing€séhmidt & Lee, 2005). In this
perspective, for Knapp (1963), skill is the learrdlity to bring about a predetermined task
outcome with maximal certainty and the minimum awtbf time and energy, or both.
Someone is considered skilful if criterions of dlece are achieved and if high
performance levels are achieved most of the tintee{A& Astill, 2008). In the area of sport,
skills have been separated into three categoriaghédh, Reid, & Collier, 2011): cognitive
skills, which involve the intellectual skills of éhmover (enable a performer to make
decisions and solve problems); perceptual skilldiciv include the interpreting and
integrating of sensory information to determine thesst movement outcome; and motor
skills, which comprise the physical elements thakenpossible the movement. Motor skills
have also been defined as activities that involebain of sensory responses (vision, central
and motor mechanisms) whereby the performer ishtaga maintain constant control of the
sensory input in compliance with the goal of theveraent (Argyle & Kendon, 1967).

According to Galhahue and Ozmun (2006), motor skiin be classified into three
categories: non-locomotor stability, which is thelisy to maintain body posture and to move

the body voluntarily into a particular positionctomotor skills, which are gross motor skills
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in which the purpose of the movement is body trartsfinvolving movement, such as
running); and manipulative skills, which are fineotor skills in which individuals are
enabled to explore the world through the manipofaif objects. This classification also
involves the level of movement precision requiregtoduce the movement. Therefore, skills
in which large muscle groups produce the movemeatchassified as gross motor skills.
Skills in which small muscles groups are critiaaperform the skill with increased accuracy
and control to produce precise movements are tkdsis fine motor skills.

There are in literature several authors proposiiiierdnt periods of motor skill
development across a life span. Clark (1994) desdrsix major periods in the development
of motor skill behaviour. These included: reflexiwghich begins at the third gestational
month when movement is first detected and lastsoxppately two weeks after birth and is
characterized by movements that are reflexive mreaand pre-adapted, which starts when
the infant's behaviours are no longer reflexive pfagimately two weeks) and is
characterized by the emergence of species-typicabmbehaviours such as rolling over,
sitting, crawling, feeding, and walking. Environnieican speed up the appearance of some
behaviours and suppress behaviours in others. Fwsttal patterns are characterized by
locomotor and manipulative coordination patternat tivill provide the foundation (or
“building blocks”) for later emerging culturally spific motor skills. It is important to note
that these are not maturationally-driven pattennsrather require substantial environmental
support. The period ends when the fundamental rpatdé coordination combines and
elaborates into context-specific movements. Cordpetific movements begin around seven
years of age, when children show a qualitativet shitheir cognitive development; it is the
period where the developing mover begins to refat@)orate, and combine movements into
early forms of culturally specified motor skillskiful movements are characterized to be
efficient both physiologically and psychologicallgnd adaptively versatile. To reach this
period takes years of practice in one particulavenoent form. Compensation periods occur
when an injury, disease, or other changes in outybrequire modifications to our
movements and are characterized by the need toeawsage for changes in our organism
constraints (that is, our physiological systems).

Several theoretical models have emerged addresisengnportance of motor skill
development/competence to PA across time. To peoaicheuristic model to situate the
understanding of motor skill development, Clark &tiehlfe (2002) employed the metaphor
of a mountain the “mountain of motor developmenthis metaphor is meant to assist the

understanding of global changes that occur in oawement and mobility from birth to
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death. Climbing a mountain represents the sequeatisulative, time-intensive challenge of
working one’s way to a peak (skilfulness). The widiial’'s characteristics and environment
interact in determining the final outcome in “moaint climbing”. The model clearly
illustrates that whilst all children are expectedotogress to the fundamental pattern period,
fewer are expected to progress to the contextfpemnd finally the skilful stage. The
different-sized mountain peaks in the model represifferent possible end points for
individuals.

Seefeldt (1980) argued for the notion of a "prefindy barrier" and suggested there
might be a “critical threshold” of motor skill corafence, above which children will be active
and successfully apply fundamental movement sidS) competence to lifetime physical
activities. Conversely, if children's skilfulnes®es not reach this threshold, the author
hypothesized that they would ultimately drop oupbysical activities, unable or unwilling to
be physically active at the intensities and fordieation needed to maintain health and well-
being. Indeed, the notion of a proficiency barfesds to the question of the efficacy of
critical or "sensitive" periods during which chigir may learn motor skills more easily
(Clark, 2005).

The Bandura (1986) Social Learning Theory couldo alse applied to the
understanding of motor skill development. Expeotsi of competence in this context refer
to a child becoming engaged in activities requinmgtor skills and behaving with confidence
when he/she perceives him/herself as capable. e#iers in exciting experiences of motor
skills also gives a firm message to a child thaiisone else can do it, so | can too’. The role
modelling and encouragement by teachers and pafeetbal persuasion) also plays an
important role in developing a child’s self-effigaim motor skill performance. The motional
arousal or anxiety involved in motor skill perfornta could also feasibly effect an
individual’s motivation.

Recently, Stodden et al. (2008) have hypothesaedevelopmental recursive and
reciprocal model suggesting that children with ghhinotor skill proficiency will have higher
levels of fithess and perceived sports competembigh in turn predicts greater participation
in PA and vice-versa. The authors also postulated the relationships between these
variables may strengthen as children age, andviliatage the direction of the association
between motor skills competence and PA might chatige is, during early childhood, it is
PA that may develop children’s motor skills compets but in middle and later childhood,
the relations between both components might chatiges; it is competence in motor skills

that may be an important condition to engage i(®&dden et al., 2008).
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The mastery of a variety of motor skills is a resiai for children to engage in
everyday activities and has important implicatidos different aspects of development in
children and adolescents (Piek et al., 2006). doéil's motor skill development is an
expression of the integration of many body systemsluding sensory, musculoskeletal,
cardiorespiratory, and neurological systems (Dwgayr, & Hardy, 2009) and is ability to
interact with the environment (Riethmuller, Jong@kely, 2009). Consequently, the study
of a child’s motor development is a prerequisitetfe full understanding of children’s whole
development (Payne & Isaacs, 1998).

The importance of promoting the development of MG:@inger ages relies on the
evidence that there are current and future beneftsociated with the acquisition and
maintenance of motor proficiency (Lubans, Morgahff,(Barnett, & Okely, 2010). It has
been suggested that an appropriate acquisition Gf ddntributes to children’s physical,
cognitive, and social development (Payne & I1sad®95). A proper MC level is essential for
strong general development, as well as for heplifichosocial development, and well-being
(Haga, 2008b; Piek et al., 2006). Although a ruditagy form of movement pattern may
naturally develop, a mature form of motor profiagns more likely to be achieved with
appropriate practice, encouragement, feedback m@stcuction (Gallahue & Ozmun, 2006).
Likewise, these skills need to be learned, pradtaed reinforced through developmentally
appropriate movement programmes (Logan et al., 200He early childhood years are a
critical time for the development of these skilid)ich are considered the building blocks of
more complex movements (Clark & Metcalfe, 2002)rtkermore, it is known that motor
skills have been observed to be tracked duringlobdd (Malina, 1996).

Regardless of the theoretical perspective or demsd author to characterize or
explain children’s motor skill development, thereesis to be a consensus of the key
importance of the fundamental movement skills gerichis is a period of development when
children are thought to be able to acquire skill®ugh structured and purposeful learning
environments and is a crucial period for develoghgsically competent children. There is a
general acceptance that the performances for a&rahfundamental motor skills reflect a
degree of learning to which the individual is exgabsPreschool and the early elementary
years are crucial to a child’s development and emgstf FMS. The acquisition of FMS is
developmentally sequenced (Branta et al., 1984)isw@pendent upon several internal and
external factors (biological, psychological, socialotivational, cognitive, etc.), and the
process of acquisition occurs while a range ofvaciplay experiences and structured

programs takes place (Hardy, King, Farrell, Macnj\v& Howlett, 2010). These skills enable
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children to interact with and explore their enviment (Gallahue & Ozmun, 2006).
Therefore, children at six/seven years of age shdnd at the ‘mature’ level of FMS
performance proficiency.

It is important to note that sometimes there isfasion in literature regarding the
operational definition of FMS. While some researshese this term to describe general
motor competence (Fisher et al., 2005; Ziviani,|Ben, & Hansen, 2009), others reserve this
term for the specific use of describing skills whidirectly apply to participation in PA
(Clark & Metcalfe, 2002; Haywood & Getchell, 2009).

Motor skill proficiency levels among young childremave been described as
suboptimal (Okely & Booth, 2004). Indeed, Pratodusjilani (2004) have shown that over
the last 30 years, the percentage of German childién low MC has increased substantially,
from 16% in 1974 to a level of 38% in contemporahyidren. Possible explanations may
involve the decline of children’s physical fitng§omkinson & Olds, 2007) and PA (Knuth
& Hallal, 2009), and the increase of SB (Cui, Har@ybley, & Bauman, 2011; Nelson,
Neumark-Stzainer, Hannan, Sirard, & Story, 2006y adliposity (Daniels et al., 2005;
Lobstein, Baur, & Uauy, 2004). Therefore, as matalis are positively associated with both
physical fitness (Hands, Larkin, Parker, Strake&ry, 2009) and PA (Fisher et al., 2005;
Okely et al., 2001b; Williams et al., 2008; Wrotaniet al., 2006) and inversely related to SB
(Wrotniak et al., 2006) and to adiposity (Graf ket 2004; Lopes, Stodden, et al., 2011; Okely
et al., 2004) (as will be further explored in detalow), perhaps children’s MC levels are
decreasing as well.

Literature has also analysed age, gender and sociomic differences in MC. A
debate exists in literature regarding the impacgerider on children’s motor development
and on possible differences in the ability to perfacertain tasks. Results have shown that
girls tend to perform better in balancing tasksg@ryYeger, Rosenblum, & Josman, 2010;
Gabbard, 1996), whereas boys are generally knovmmoas proficient than females in object-
control skill performance (Ehl, Roberton, & Langerfeér, 2005; Hardy et al., 2010; Hume et
al., 2008; Runion, Roberton, & Langendorfer, 208) Beurden, Zask, Barnett, & Dietrich,
2002). In locomotor skill performance, there aretcadictory results, while some studies
report no gender differences (Hume et al., 2008;Beurden et al., 2002); others report boys
(Cratty, 1986; Keogh & Sugden, 1985) or girls (Haed al., 2010; van Beurden et al., 2002)
as more proficient.

In a study with German children aged 6-9 years Glaf et al. (2004) found that boys
showed an overall MC significantly better than thes. Vandorpe et al. (2011), aiming to
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produce gender- and age-specific reference valoeshé gross MC of Flemish children
between 6 and 12 years old, reported a signifiganter difference for the subtests walking
backwards and hopping for height; on balance, getwred significantly better than boys for
all but one age group (9 years old); on the hoppasy, boys outscored the girls in every age
group; however, those differences were only sigaiit at ages 7, 8, 9 and 10 years; neither
gender of all ages scored significantly differemtneoving sideways and jumping sideways.

Regarding age, it is well established that withr@asing age, a gradual improvement
in gross MC occurs; this improvement in MC is acklemlged as a general phenomenon
during child development (Arceneaux, Hill, Chamberl& Dean, 1997; Chow, Hsu,
Henderson, Barnett, & Lo, 2006). Vandorpe et a81(® in a study of Belgian children aged
6-11 years found that each age group scored stgnifiy better than their one-year-younger
counterparts on overall MC.

Indicators of socioeconomic status vary among sesidie.g., income, parental
education and occupation, and neighbourhood ofdeeske); therefore, results are not
necessarily consistent across studies in schooleagdren. Nevertheless, there is some
evidence which suggests socioeconomic status wsiivety associated with FMS among
girls (Booth et al., 1999; Okely & Booth, 2004),danhildren from non-English-speaking
backgrounds had lower levels of FMS mastery (Badthl., 1997; Booth et al., 2006). Hardy
et al. (2010) in 425 Australian preschool childfeand no significant differences in mastery
of individual FMS according to socioeconomic statws language background among
children, except in the hop test for boys. A higipeoportion of boys from middle/high
socioeconomic status demonstrated mastery of tpecbmpared with low socioeconomic
status boys and boys from non-English-speaking draciknds, compared with boys from an
English-speaking background. Results in German Blaiish children were however
equivocal, since one study noted no significanbeission between MC and socioeconomic
status (Ahnert, 2005), while two reported lowerelsvof MC among children from low
socioeconomic status families (Pratorius & Mila2004; Vandendriessche, Vandorpe, et al.,
2012)

Lately, there has been increasing interest in ¢haionships between MC and health-
related behaviours and outcomes. Indeed, a reeatiew (Lubans et al., 2010) of the
relationship between MC and health benefits indrkih and adolescents indicated that MC
levels are inversely correlated with weight statust positively correlated with PA,
cardiorespiratory fitness, and perceived physicahpetence in both cross-sectional and

longitudinal data. Another systematic review oéréture conducted to synthesize the recent
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available data on physical fitness and PA in cbkidwith DCD, body composition,
cardiorespiratory fitness, muscle strength and eaxte, anaerobic capacity, power, and PA
reveals that all have been negatively associatedyarious degrees, with poor motor
proficiency (Rivilis et al., 2011).

In recent years, a growing issue of interest hanlike physical health of children
with motor skill performance, particularly in chigh who face unusual difficulties in
performing motor skills, despite not having ideiatile neurological or sensory problems and
their being of normal intelligence (Venetsanoulet2011). These children are said to suffer
from DCD.

DCD is considered to be one of the major healthbleras among school-aged
children worldwide (Cairney, Hay, Faught, Mandidof-louris, 2005; Cairney, Hay, Faught,
& Hawes, 2005; J. Cairney, J. A. Hay, B. E. Faught). Wade, et al., 2005; Henderson &
Henderson, 2002; Polatajko & Cantin, 2006). DCDd&fined, using the DSM-IV, as a
condition marked by a significant impairment in thevelopment of MC, which interferes
with AA and/or activities of daily living. Thesefticulties are not due to a general medical
condition (psychiatric, neurological, or other neadicondition) (APA, 1994, 2000). DCD is
a neurodevelopmental condition thought to affecarage from 1.4% to 19% in school-aged
children (APA, 1994, 2000; Kadesjo & Gillberg, 1929ngam, Hunt, Golding, Jongmans, &
Emond, 2009; Tsiotra et al., 2006; Wright & Sugd&f96). However, agreement on the
approximate prevalence is not universal. Althoughndardized assessments of motor
problems have enabled researchers to consistetghtify children with poor motor skills,
the promotion of the 5% prevalence estimate hasoledsomewhat tautological use of tie 5
percentile on these assessments as the cut-poistginificant motor impairment (Cairney,
Veldhuizen, & Szatmari, 2010).

In 1994, an international group of experts agreeddopt the label ‘developmental
coordination disorder’ to describe poor motor perfance of unknown cause (APA, 1994).
Research conducted in the past decade has progidddnce that children with DCD are
demonstrated to be heavier (Cairney, Hay, Veldmjiddissiuna, Mahlberg, et al., 2010),
less participant in PA (Rivilis et al., 2011), deds fit (Cairney, Hay, Veldhuizen, & Faught,
2010; Cairney, Hay, Faught, Flouris, & Klentrou,0Z0 Cairney, Hay, Wade, Faught, &
Flouris, 2006) than their normal-developed peersaddition, they have poor AA (Losse et
al.,, 1991), low self-esteem (Hay & Missiuna, 1998por social competence (Bouffard,
Watkinson, Thompson, Causgrove Dunn, & Romanowg61ehd are at risk of long-term

psychological morbidity and educational failure (gam et al., 2009). Furthermore, they
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reported diminished perceptions of athletic compete low levels of peer acceptance (J.
Cairney et al., 2005; Cantell, Smyth, & Ahonen, 4Q9reater anxiety than typically
developed peers when faced with movement challef@ese, Larkin, & Berger, 1994;
Skinner & Piek, 2001), and avoidance of PA (Boudfat al., 1996).

Since this disorder can have various adverse sffatt child’s life, it is important to
emphasise early identification and interventionyoting children suspect of, or at risk of,
having DCD. Therefore, early identification can dedo education, guidance and
encouragement to engage in typical childhood dms/iand hence decrease the risk of
reduced self-esteem, self-efficacy and social @agtion (Missiuna, Rivard, & Bartlett,
2003). Early identification and intervention is baheaper and more effective than therapy at
an older age, narrowing (and in some cases mimiglizproblems that associate with
developmental delays (Berk & DeGangri, 1979; Mcéhito Gibney, Quinn, & Kundert,
2000). Moreover, planning, implementation, and eatibn of developmentally adequate
movement programs depend on proper diagnosis oftihé's level of motor development
(Zimmer & Cicurs, 1993). Ultimately, the identifiten of children that may have
developmental delays is the first step to impeder ldifficulties (Venetsanou, Kambas,
Aggeloussis, Fatouros, & Taxildaris, 2009).

In this context, the main purpose of an MC testushanot be only to measure
performance of skills but rather the general trariderlying them (Burton and Miller, 1998).

Motor skill assessment can be performed using rith@roduct or process. The
decision of the way to measure children’s perforceaneach with advantages and
disadvantages, will be guided by the purpose ofitiiermation needed for example, to
properly cluster a group of children, to identifijose at risk, to plan intervention or
educational programs, to monitor change over timegrovide feedback to the performer or
to predict performance in the future (Burton & Mil] 1998).

A product-oriented assessment evaluates movememt & quantitative assessment
approach. Product assessment is conducted in trdate the outcome of skill execution
such as time, distance or number of successfuhpteeand provides little information with
regard to how the movement was performed (BurtdviBler, 1998). The result is generally
compared to the performance of a normative grote. Scores are converted or transformed
into relative scores such as standard scores aemp@es. Such information allows the
comparison of a child’'s performance to their chtogal peers and could be used to
monitor children with movement difficulties or telsct participants eligible for a movement

program (Hands, 2002). The objective nature ofmieasures usually ensures a high level of
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reliability over time and between assessors (Spt8§7). Additionally, most tests can be
done quickly and are capable of testing large gsoBecause the tester does not require an
extensive understanding of movement competenciemanage the test, this approach is
useful for generalist teachers or professionalhaut a background in human movement
(Hands & Larkin, 1998). On the other hand, the ¢egtomes do not inform the intervention
or teaching program, while they do not provide dirsformation about the proficiency
achieved (Branta et al., 1984). The validity of test results depends on the appropriateness
of the normative group for the child or group beiegted. Finally, physical factors that
impact performance such as height, weight and bmmyposition, and differing cultural
expectations and interests are not taken into atombhen interpreting the scores (Gabbard,
1996).

By way of contrast, process-oriented assessmeatsaarcerned with how the skill is
performed rather than the outcome of the skill, amvement is evaluated based on the
demonstration of behavioural criteria, which pr@gdnformation of how the movement was
performed (compared with an expert performer). Hands (2002), the main advantages of
gualitative assessment are that the informationbmmsed to inform the teacher or other
professional which specific components of a skded to be practiced, and the assessment
can be undertaken in a more meaningful context tpamtitative methods. Observation
records or checklists for each skill are usuallyhegated to facilitate this assessment
approach. The negative aspects comprise the difficl comparing results that have been
gathered by different assessors. Assessors maypliete components of movement
differently, unless intensive training has been artaken. The inter-rater reliability is
generally quite low. The time required to asselssge number of children is high. Further, it
is difficult to interpret information gathered, senthe results usually have no normative data
(Burton & Miller, 1998). In addition, although thesriteria comprise certain key aspects for
a proficient performance, they do not represenntbgement description on a developmental
continuum (Stodden et al., 2008) or fully descripeinstructional sequence. Ultimately, the
use of the criterion of comparing a child to an exxgerformer could result in “ceiling
effects”, make distinction between intermediate awtl/anced motor skill competence
impossible, or result in “floor effects” that dotrdistinguish between a child with low-level
skills and a child who is more skilled (Stoddermlet2008).

In order to capture the inherent advantages of bpgroaches, some tests include
both quantitative and qualitative test items. Tambination of approaches takes into account

the more erratic and variable movement patterndbeginners compared to the more
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consistent patterns of skilled performers. With lgiger group, quantitative measures better
discriminate between performers (Hands, 2002).

There are in literature several tests of motor gkificiency, with a concise description
of each going beyond the scope of this thesis. Kewaet is of importance to appropriately
interpret the data accounting for types of assestnesed and their reliability and validity to
the aim purposed, once researchers have questibeedeneralizability of results across
studies that use different types (or parts of &ebattest) of motor assessments (Stodden et
al., 2008). In this thesis, MC was assessed with Kbrperkoordination Test fur Kinder
(KTK) (Kiphard & Schiling, 1974), a well known pradt-oriented test that mainly focuses
on gross MC of both normal children without motoolgems and children with motor and/or
mental problems. The KTK test battery is descrilvedetail in the methods section of this
thesis.

Regardless of how MC is assessed, evidence sugpesthe development of FMS is a
key factor in the promotion of lifelong PA. Moreay insufficiently developed movement
skills have been identified as an important batedater participation in PA (Allender et al.,
2006). PA is defined as any bodily movement produog skeletal muscles that results in
energy expenditure beyond basal metabolic ratep@asn et al., 1985). PA is a complex
multifactorial behaviour that is influenced by ariety of biological, behavioural and
environmental factors and interactions among facftbopes, Rodrigues, Maia, & Malina,
2009; Sallis, Prochaska, & Taylor, 2000; Van DenrdtioPaw, Twisk, & Van Mechelen,
2007). Children’s PA involve a mixture of schoa@sed activities, organised team sports and
unstructured play (Jago, Anderson, Baranowski, &36fa, 2005).

The importance of promoting active lifestyles fr@amyoung age is widely recognized,
and the health benefits of regular PA are extehsiaeknowledged (Strong et al., 2005;
WHO, 2010). The incorporation of PA into daily litand the achievement of recommended
health-related levels of PA are major public healtfallenges. Indeed, many children and
adolescents do not meet the current PA recomme&msaflago et al., 2005; Riddoch et al.,
2007; Strong et al., 2005). Insufficient PA negalyvimpacts children’s motor development
and may affect their emotional and social develapnsanultaneously (Huttenmoser, 1995;
Waldron & Finn, 2005). Moreover, previous resealds shown a decline in PA from
childhood to adolescence (Goran, Gower, Nagy, &doh, 1998; Lopes, Vasques, Maia, &
Ferreira, 2007), with the end of elementary scl{@ell years old) being a critical period of
change (Goran et al., 1998; Nader, Bradley, HotRitchie, & O'Brien, 2008).
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Motor skills proficiency is sometimes describedii@rature as determinant (Hands et al.,
2009; Wrotniak et al., 2006), while others desciitbas an outcome of PA (Haga, 2008b;
Hands et al., 2009). If, on the one hand, we cguethat motor skills proficiency is a
consequence of the level of PA, on the other hiansl also reasonable to accept that without
some level of competence in a range of motor skildldren are limited in the amount and
range of PA they can undertake (Bouffard et al96)9Although it is well established in
literature that there is a positive albeit weakntoderate relationship between PA and
different motor skills, the direction of the assdmn is controversial, while some cross-
sectional studies described that motor skills atated to PA in preschool (Fisher et al.,
2005; Kambas et al., 2012; Williams et al., 2008) alementary school children (Wrotniak
et al., 2006) and adolescents (Okely et al.,, 2000ihers found positive associations
between PA and motor skills in preschool childruar@i et al., 2011) and in adolescents
(Barnett et al., 2011).

However, recent longitudinal evidence suggests ttlaldhood object control skKill
proficiency (involving manipulation of an objectge a ball) is predictive of subsequent PA
during adolescence (Barnett, van Beurden, Morganphks, & Beard, 2009) and also that
object control skill proficiency can be trackedrfrahildhood to adolescence (Barnett, van
Beurden, Morgan, Brooks, & Beard, 2010). Also ier=gitudinal analysis, motor proficiency
at age 6 was predictive of PA three years lateh significantly higher PA in the group with
the highest motor skills (Lopes et al., 2009). Rélge Burgi et al. (2011) followed a group of
preschoolers over 9 months and found that a highseline PA was predictive of improved
motor skills at a follow-up but not vice versa, gasgting that PA enhances motor skill
development and not the other way around.

As these observations yield inconsistent resul@renstudies are needed to clarify this
relationship. Nevertheless, Barnett et al. (201jgested a reverse causality. Accordingly,
Stodden et al. (2008) have hypothesized a recurdexelopmental model suggesting a
reciprocal relationship between MC and PA. The argtlpostulated that children with high
motor skill proficiency will have higher levels étness and perceived sports competence,
which in turn predict greater participation in R#d vice versa (Stodden et al., 2008). In this
model is also argued that the relationship betweetor skill competence and PA will
emerge from early to late childhood and will congnto gain strength during adolescence.
However, the authors also theorized that with dge direction of the association may
change; that is, during early childhood, it is F#att may develop children’s motor skill

competence, but in middle and later childhood réiations between both components might
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change; thus, it is competence in motor skills thay be an important condition to engage in
PA (Stodden et al., 2008).

Strongly related to PA is physical fithess. Physiitaess is a set of attributes related to a
person’s ability to perform physical activities thhaquire aerobic fitness, endurance, strength
or flexibility and is determined by a combinatiohregular activity and genetically inherited
ability (Hussey et al., 2007). Cardiorespiratotydss is the physical fithess component that
has been studied most, because it is a health mackess the lifespan (Blair et al., 1989;
Blair et al., 1996; Kodama et al., 2009; Ortega,izRCastillo, & Sjostrom, 2008).
Cardiorespiratory fitness reflects the overall @yaof the cardiovascular and pulmonary
systems to supply oxygen during sustained exeresayell as the ability to perform such
exercise (Taylor et al., 1955). Higher levels ofdoarespiratory fithess appear to delay all-
cause mortality, primarily due to decreased rafesaodiovascular disease and cancer (Blair
et al., 1989), and provide strong and independergrmstic information about the overall
risk of illness and death, especially related talicavascular causes (LaMonte & Blair, 2006).
Cross-sectional studies indicate that high cardpratory fitness during childhood and
adolescence is associated with a favourable plégmarofile (Mesa et al., 2006), total and
central body fat (Ortega et al., 2007), featurethefmetabolic syndrome (Brage et al., 2004),
novel cardiovascular disease risk factors (Ruial.e2007), and arterial compliance (Reed et
al., 2005). Longitudinal studies also suggest thigher cardiorespiratory fitness during
childhood and adolescence is associated with ahieatardiovascular profile later in life
(Ruiz et al., 2009).

Despite the overwhelming evidence demonstrating kiigher or improved physical
fitness, including cardiorespiratory fitness, is@sated with improved health in children and
youth (Anderssen et al., 2007; Ekelund et al., 20@Assen, 2007; Strong et al., 2005), there
is increasing evidence suggesting that the aefdb&ss performance of children is declining
(Tomkinson & Olds, 2007). Furthermore, cardioresoiry fithess tends to be tracked
moderately from childhood to adulthood (Malina, €92001).

A recent review analysed the relations betweeniaasbiratory fitness and MC in
children. From the 19 studies provided, 18 of th&tselies reported that children with poor
MC (DCD) demonstrated decreased aerobic power cadp@ their typically developing
peers in both cross-sectional and longitudinalisti(Rivilis et al., 2011).

Therefore, children with MC problems are at greais for lower aerobic fithess than
typically developing children (Cairney, Hay, Veldpen, & Faught, 2010). Given the

importance of cardiorespiratory fitness, from a lmuhealth perspective, these results may
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hold implications for children’s general developmédmealth and well-being (Faught, Hay,
Cairney, & Flouris, 2005; Haga, 2009; Tomkinson &d€) 2007; Vandendriessche et al.,
2011).

Current efforts to increase youth’s PA have hadtéthsuccess, with effective changes
achieved only in smaller sub-groups or in the sterh (Kipping, Jago, & Lawlor, 2008; van
Sluijs, McMinn, & Griffin, 2007). One reason forishrelative lack of success could be that
most of the public health efforts to promote actifestyles have focused mainly on PA and
have paid little attention to the growing evidetioat indicates that SB is a distinct health-
related behaviour (Tremblay, Leblanc, Kho, et 20]1). Additionally, neither interventions
in PA or SB target improvements in MC (Salmon et2005), and indicators of MC have not
been systematically included in studies that caarsidorrelates of PA (Lopes, Maia,
Rodrigues, & Malina, 2011) or SB.

SB is defined as any activity that does not inazeasergy expenditure substantially
above the resting level (less than 1.5 METSs), sashsleeping, sitting, lying down, or
watching television or other forms of screen-basetkrtainment (Pate, O'Neill, & Lobelo,
2008). In light of recent research, lack of PA myoone part of the public health problem,
since various types of SB may occur through differeehavioural mechanisms (Owen,
Leslie, Salmon, & Fotheringham, 2000), have differeleterminants (Gordon-Larsen,
McMurray, & Popkin, 2000), track differentially (&don-Larsen, Nelson, & Popkin, 2004),
and have a distinct range of potentially adversaltheconsequences (Tremblay, Esliger,
Tremblay, & Colley, 2007) independent of PA. Adadiitally, SB shows moderate stability
during childhood and adolescence (Janz, Burns, &/ 2005).

In children and adolescents, self-reported leisume- SB such as overall screen time
(i.e., TV viewing, videogames, computer use) hasroonly been studied; however, while
these activities may represent a substantial podfahe time spent in total SB, they do not
represent the total amount of everyday sedentarg.tin this regard, as has been argued for
PA (Ruiz & Ortega, 2009), objectively measuringatatedentary time by using devices such
as accelerometers, may offer particular advantaiesg these devices do not rely on subject
recall and may capture the entire daily patterrisotfh PA and SB.

The negative effects of sedentary lifestyles onldchin’s health and health-related
behaviours and outcomes are a source of conS&ame studies have shown tlaaildren
spend significant proportions of their waking tilbeing sedentary between 50% and 80%
(Colley et al., 2011; Martinez-Gomez et al., 20ktthews et al., 2008) and as a result may
be at risk of detrimental health outcomes (Hinklgglmon, Okely, & Trost, 2010). Mounting
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evidence has suggested recently that time spel®Bins associated with adverse health
outcomes, an association that may be independehegdrotective contributions of PA, as it
remained significant after adjustments (van Uffedeal., 2010). In a recent review of SB and
health indicators in school-aged children and yptitle authors concluded that spending
more than two hours per day being sedentary wasciassd with unfavourable body
composition, decreased fitness, lowered scoresdibresteem and pro-social behaviour, and
decreased AA (Tremblay, Leblanc, Kho, et al., 2011)

Literature has paid little attention to the relasbip between SB and MC (two studies
reported no association) (Cliff, Okely, Smith, & Kieen, 2009; Graf et al., 2004), while the
other two reported a negative association (Williaghsal., 2008; Wrotniak et al., 2006),
leaving the following questions unanswered: (i) ®&B predict MC and, if so, (ii) does this
predictive relationship remain after considering lavels of PA that children undertake?

Recent studies have focused on understanding @reships between MC and health-
related behaviours and outcomes. Indeed, a regstansatic review identified eight potential
benefits of MC: global self-concept, perceived pbtgls competence, cardiorespiratory
fitness, muscular fitness, weight status, flexipjlPA, and reduced SB (Lubans et al., 2010).

In the Stodden et al. (2008) model, the authostydated that children with high motor
skill proficiency will have higher levels of fitheand perceived sports competence, which in
turn predict greater participation in PA and viersa. However, in this model, as in the
general literature, the SB appears to be defingdeamverse of PA (i.e., insufficient levels of
PA), instead of being considered as an independemaviour. In fact, we only found four
studies in literature linking SB to MC (CIiff et.aR009; Graf et al., 2004; Williams et al.,
2008; Wrotniak et al., 2006), and only three ofthgliff et al., 2009; Williams et al., 2008;
Wrotniak et al., 2006) were performed using objextneasures. However, in those studies
the relationship between PA and motor skills did take into account the possible
confounding effect of SB, and the associations betwSB and motor skills were not
adjusted for the influence of PA. PAPER | of thisegis attempts to push forward the
literature on this subject by analysing associatibetween objectively measured SB and
MC, taking into account PA levels in elementaryarchildren.

Therefore, to establish healthy lifestyles fromoaiyg age, actions aiming to address the
current inactivity crisis should attempt to bothcrmase PA levels and decrease SB
(Tremblay, Leblanc, Kho, et al., 2011). Indeed, thecessity for public health
recommendations targeting SB has already been sigghéHojbjerre et al., 2010). Based on

the mounting evidence of the health-related bemnefitlow SB, the Canadian Society for
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Exercise Physiology, in partnership with the Healfctive Living and Obesity Research
Group at the Children’s Hospital of Eastern Ont&&search Institute, recently launched the
Canadian Sedentary Behaviour Guidelines, which neiktthe American Academy of
Paediatrics’ guidelines for screen time (Educati®d®)1) to include transportation, sitting
time, and time spent indoors. These guidelines estgidpat for healtbenefits, children and
adolescents should minimize the time they spendgbosedentary each day by limiting
recreational screen time to no more than two hparsday (lower levels are associated with
additional health benefits) as well as limiting eethry (motorized) transport, extended
sitting time, and time spent indoors throughout diag (Tremblay, Leblanc, Janssen, et al.,
2011); however, recommendations regarding limitdatal time per day spent in sedentary
activities are still lacking. Indeed, only a fewdies have addressed links between total SB
time and health outcomes in children and adolesqdtartinez-Gomez et al., 2011).

Closely linked to PA and SB is obesity. Childhoau @dolescent obesity became an
important public health problem, as its prevalehas increased significantly over the past
years in several countries (Wang & Lobstein, 20@)esity is associated with a range of
adverse health impacts, including metabolic, orétealic, cardiovascular, psychological,
neurological, hepatic, pulmonary, gastroenterolalgand renal impairments (Daniels et al.,
2005; Lobstein et al., 2004). The causes are raattfial, and its development results from
genetic and environmental factors to a variety etaholic, behavioural, social and cultural
interactions (Claessens, Beunen, & Malina, 200@tD& Gortmaker, 2001). Although the
relative importance of specific risk factors are wodinarily specified at the level of the
individual and population, a decline in PA, an gase in SB (Nelson et al., 2006; Sallis et
al., 2000) and an excessive energy intake are aftersidered as primary mechanisms
contributing to a potentially unhealthy weight gand in turn to overweight and obesity
(Lopes, Maia, et al., 2011). Additionally, the pitas, social and emotional consequences of
obesity may be evident in childhood and may peisist adult life (Dietz, 1998), as it is
known that childhood obesity is tracked into adodtth (Magarey, Daniels, Boulton, &
Cockington, 2003; Whitaker, Wright, Pepe, SeidelDé&tz, 1997).Thus, identification of
children at risk of developing overweight/obesitydats complications is essential, so that
prevention and treatment strategies may be impléeedezarly in life (Daniels et al., 2005).

Parental acknowledgment of a child’'s excess wegid an understanding of its
health consequences are crucial primary stepsckling obesity (Jeffery, Voss, Metcalf,
Alba, & Wilkin, 2005). Indeed, it is supposed thiabse who correctly recognize their child’s

weight status and show concern may be more likelyadt accordingly by setting up
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appropriate health behaviour changes (West et2@D8). However, parents often do not
accurately perceive their children’s weight stategort low levels of concern, and are not
aware of the health risks associated with excesadeumulation (Baughcum, Chamberlin,
Deeks, Powers, & Whitaker, 2000; Carnell, Edwai@sker, Boniface, & Wardle, 2005;
Eckstein et al., 2006; Jeffery et al., 2005; Magn&aluska, Blanck, & Serdula, 2003; Wake,
Salmon, Waters, Wright, & Hesketh, 2002).

Parents play a key role for successful obesitygmBaon interventions (Snethen,
Broome, & Cashin, 2006), and they should be inwblwvesuch interventions for three main
reasons: (i) Obesity runs in the family, and iingprobably a successful intervention if other
family members will not cooperate with the intertien’s goals; (ii) parents are a child’s
models that support the acquisition and maintenahegercise and eating behaviours; (iii) it
IS necessary to teach parents specific behavicamgdh strategies (Epstein, 1996).
Interventions for prevention and treatment shoutitkndirectly with parents from the very
earliest stages of child development and growtmdsay, Sussner, Kim, & Gortmaker,
2006). Effective interventions require multifacestthtegies (Lindsay et al., 2006), including
behaviour skills, behaviour change, and parentabliement to support healthy diet and
nutrition and to increase PA (Snethen et al., 2006)

Literature on parental perceptions of children’sight status reports high rates of
parental misperceptions (Eckstein et al., 2006; Mag et al., 2003) and indicates that
mothers are more likely than fathers to correctigess their child’s weight (Jeffery et al.,
2005). It also states that older children are miikely to be accurately classified than
younger ones (Campbell, Williams, Hampton, & Wak@06; Maynard et al., 2003). Results
for socioeconomic status, race/ethnicity, and gerade contradictory (Baughcum et al.,
2000; Carnell et al., 2005; Jeffery et al., 2005ayward et al., 2003; West et al., 2008).
However, most of the research in this field hasnbearried out in the United States,
Australia, and the United Kingdom; consequentlydss in other populations with different
social and cultural backgrounds are necessaryderdo understand if the associations found
in those countries can be generalized.

In Portugal, about one third of children and adodess are overweight or obese
(Sardinha, Santos, Vale, Silva, et al., 2011), Wlamphasizes the need for a large variety of
strategies to fight this epidemic. Knowing how Rguese mothers view their children’s
weight status is an important step for intervenpoograms, an idea explored in PAPER I of

this thesis.
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In the Stodden et al. (2008) model, it is also ssted that obesity trajectories may be
triggered by the cumulative effects that lower lev& motor proficiency have on reducing
movement opportunities, physical fithess, and peeck physical competence during
childhood. Overall, low motor proficiency will relsuin unsuccessful participation in
movement play activities and/or sports in middiéate childhood, thus leading to a negative
spiral of disengagement from an active lifestylecérdingly, the model proposes that motor
proficiency levels will eventually lead to positieg negative obesity trajectories over time,
as the recursive nature of the model effects comgpaver time.

It is reasonably well established in literaturetthi@ere is an inverse association
between adiposity and MC (D'Hondt et al., 2011;f@taal., 2004; Lopes, Maia, et al., 2011;
Lopes, Stodden, et al., 2011; Okely et al., 20bweed, a recent review (Lubans et al., 2010)
on the relationships between MC and health bengfitshildren and adolescents indicated
that MC levels are inversely correlated with weighéatus both in cross-sectional and
longitudinal studies. In this review, weight statwas negatively correlated with MC in six of
nine studies, with the remaining three demonsigatia relationship (Lubans et al., 2010).
Rivilis et al. (2011), in a recent systematic rewieconcluded that an adverse body
composition was associated with poor motor proficie regardless of the measure of
adiposity considered.

However, overweight and obesity measurement isswgspotentially play a role in
obscuring the relationship between body compostioth MC (Rivilis et al., 2011). There are
some sophisticated methods to accurately measudy fet, such as computed axial
tomography or dual-energy X-ray absorptiometric Sitemetry; however, such techniques
are not feasible to apply in large epidemiologstaidies or even in clinical settings, because
they are complex, time consuming and expensive.

Body fat percentage measurement techniques havedsseloped and validated for
children; however, it has been used rarely in diiere regarding the relationship between
adiposity and MC. The existinguslies have found significant associations betwsmsty fat
percentageand MC, whether using skin folds (Lopes, Maia, agét 2011), bioelectric
impedance (J. Cairney, J. A. Hay, B. E. Faught, &Hawes, 2005) or whole-body air
displacement plethysmography (Silman, Cairney, Hdgntrou, & Faught, 2011) methods.
Using bioelectric impedance, Cairney et al. (2041Sp found that children with poor MC had
greater body weight and body fat compared to theimal MC peers. Certainly, bioelectric
impedance is an appealing tool for assessing bamyposition due to its simplicity,

painlessness, non-invasiveness and increasing dsty making it highly suitable for survey

27



Background

and clinical use, particularly in school-age cleldr(Wright et al., 2008). However, the
resulting estimates of fat and fat-free mass agtagree poorly with more accurate methods,
tending to be both biased and imprecise (Eisenntdeelan, & Welk, 2004).

Several anthropometric measures have been usedrature on associations between
MC and adiposity, with the most common being thdybmass index (BMI) (Lubans et al.,
2010; Rivilis et al., 2011). D’Hondt et al. (2011) a cross-sectional study with 954 Flemish
primary school children stratified, found that ledkan 20% of healthy-weight participants
was identified as being motor impaired, while thedportion increased to 43.3% and up to
70.8% in children with a BMI considered as ovenirtignd obese, respectively. However,
BMI is a suboptimal marker of body fat, becausdoés not distinguish fat from lean tissue
or bone, and therefore classifying people as ovigiweor obese based on their BMI may
lead to significant misclassification. Moreover, Bl not a suitable method to assess body
fat distribution (Brambilla et al., 2006), and @hbeen suggested that BMI may be a less-
sensitive indicator of fat in children and adolegsethan waist circumference or waist-to-
height ratio (Brambilla et al., 2006).

Waist circumference is a simple, effective and pemsive anthropometric tool to
measure abdominal adiposity and related metabishs fin children of different ethnicities
(Brambilla et al., 2006; Lee, Bacha, Gungor, & Arsan, 2006). Abdominal obesity seems
to reflect intra-abdominal fat, including visceealipose tissue (Clasey et al., 1999), and it is
known that increased visceral adipose tissue igngly correlated with cardiovascular
disease risk factors (Soto Gonzalez et al., 20Dd)ing childhood and adolescence, it is
known that abdominal obesity is an important predidor several cardiovascular disease
risk factors (Moreno et al., 2002; Savva et alQ®0 For children and adolescents, there are
no internationally accepted cut-off values for waisrcumference; however, waist
circumference centile charts have been developedctiddren and adolescents in some
countries (Eisenmann, 2005; Fernandez, Reddenpbédi, & Allison, 2004; Katzmarzyk,
2004; McCarthy, Jarrett, & Crawley, 2001). Faughtle (2005), in a cross-sectional study
with 571 elementary school students, found an @a&soc between poor MC with increased
body fat and low cardio-respiratory fitness (PA wassignificant mediator for both
relationships). These authors concluded that poGriMrelated to factors associated with
increased risk for coronary vascular disease, thictuidecreased cardiorespiratory fithess and
increased body fat through the mediating influesicBA in children.

Waist-to-height ratio has been proposed as a coewealternative measurement to

assess central fatness in children (Savva et @00Q)2 Similar to waist circumference, waist-
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to-height ratio has been shown to be strongly tated with abdominal fat measured using
imaging techniques (Soto Gonzalez et al., 2007)re€ting waist circumference to height
may obviate the need for age-, sex- and ethnitceleeference values (Ashwell & Hsieh,
2005), while waist circumference requires populaspecific cut-off values (WHO, 2000).

Nevertheless, the gap that remains in literaturéhés ability of the different measures of
weight status/adiposity to predict low MC, a resbajuestion explored in PAPER Il of this
thesis.

Besides health, academic success is an outcome pasits and schools prioritize
and strive to help their children accomplish. AAdze accessed by direct indicators (grade
point averages, scores on standardized tests, raa@syin specific courses) or by indirect
indicators (measurements of concentration, memodyctassroom behaviour) (Strong et al.,
2005).

The association between PA and AA in school-agdi@n has received increased
interest as of late. Most studies support the tdatichildren who are more physically active
are more likely to achieve better academic res{iliarlson et al.,, 2008; Coe, Pivarnik,
Womack, Reeves, & Malina, 2006; Fox, Barr-Andersdeymark-Sztainer, & Wall, 2010;
Hillman, Erickson, & Kramer, 2008; Kwak et al., Z)Reed et al., 2010; Ruiz et al., 2010a;
Strong et al., 2005; Taras, 2005; Trudeau & Shept008); however, no such relation was
found in some studies (Ahamed et al., 2007; Carttoal., 2008; Coe et al., 2006; Kwak et
al., 2009; Sigfusdottir, Kristjansson, & Allegran@007). Possible reasons for these mixed
results may lie in the nature of the study. Vaesbhclude how PA was assessed (objective
or self-reported), how AA was measured (directnalirect indicators), whether results were
controlled for socioeconomic status (Kwak et abDPQ2, Trudeau & Shephard, 2008) and
whetherdistinction wasmade among intensity levels of PA (Carlson et20(Q8; Coe et al.,
2006; Kwak et al., 2009).

The discussion about a possible association betvid€nand AA has recently
remerged. Studies suggest that neuronal structwrdéise cerebellum and the frontal lobe) are
responsible for coordination as well for cogniti@errien, Ivry, & Swinnen, 2006), and that
both functions seem to follow a similar developrnaéntimetable with an accelerated
development between 5 and 10 years of age (Ande2@®2; Gabbard, 2008). Recent
research also indicates that children’s developmdatains (motor, reading, and
mathematics skills) are intercorrelated and cartmeoseparated (Smith et al., 1999; Son &
Meisels, 2006); thus, it is the whole child tha¢de attention (Bowman et al., 2001). There is

also evidence that working memory capacity andaliperceptual ability limit children’s AA
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(Alloway, 2007; Alloway & Alloway, 2010; Sortor & Hlp, 2003). Besides, one cross-
sectional and longitudinal study found that highaseline motor skills (agility and dynamic
balance) were related to better spatial working wgnand/or baseline attention as well as
their future improvements over the following nine@mths (only no association was found
between dynamic balance and attention) (Niederaf.e2011). Indeed, children with DCD
tend to perform poorly in literacy and numeracyeasments (Alloway, 2007), while fine MC
was found to positively correlate with AA (Sortor Rulp, 2003); children with learning
disabilities scored poorer in gross MC tests (botomotor and object-control) (Westendorp,
Hartman, Houwen, Smith, & Visscher, 2011). Additiiy, other cross-sectional (Knight &
Rizzuto, 1993; Nourbakhsh, 2006; Planinsec, 200#) mterventional studies (Budde,
Voelcker-Rehage, Pietrabyk-Kendziorra, Ribeiro, &ow, 2008; Ericsson, 2008; Uhrich &
Swalm, 2007) have shown that improved motor slallels may be positively related to
improvements in AA or other cognitive variables.rthermore, longitudinal studies in
preschool children found a relationship betweetyeaotor development and later cognitive
function (Piek et al., 2008; Son & Meisels, 2008)ggesting that early assessment of school
motor skills may increase the predictability ofelatachievement and the probability of
identifying children at risk for school failure. &rauthors also concluded that well-developed
gross motor skills are important to facilitate dnén’s cognitive development (Piek et al.,
2008; Son & Meisels, 2006).

There are potential biological, psychological, autial mechanisms that may help
explain this relationship. Coordinative exercis@olves an activation of the cerebellum,
which influences motor functions (Gao et al., 1986)well as attention (Courchesne et al.,
1994), working memory (Klingberg, Kawashima, & Ruda 1996), and verbal learning and
memory (Andreasen et al., 1995). Additionally, thental lobes play an important role in
mediating both MC (Hernandez et al., 2002) and itognfunctions (Miller & Cohen, 2001).
An interventional study performed by Budde et 20(08) aiming to investigate the effect of
10 minutes of physical exercise (coordination esescvs. non-specific physical education
lessons) on concentration and attention performam@e school setting, revealed enhanced
attention and concentration performance in bothugsp with significantly higher
enhancement in the group that performed coordinaicercises. Furthermore, they suggest
that coordination exercises lead to a facilitattdmeuronal networks that results in a pre-
activation of cortical activities that are respdhsifor cognitive functions such as attention
(Budde et al., 2008).
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Better MC results may reflect better overall headth has been suggested in the case
of physical fithess (Chomitz et al., 2009) (i.eettbr nutrition, more PA and healthier weight
status), and good health may contribute positit@lfxA. As literature points out, high levels
of motor competence/skill are positively associateith PA (Wrotniak et al., 2006).
Cognitive facilitation by PA is presumably attribbte to a direct improvement in cerebral
circulation (of glucose, oxygen, and energetic tdes) and the alteration of
neurotransmitter actions in the central nervous tesys (acetycholine, dopamine,
norepinephrine, epinephrine, adrenocorticotropiantome and vasopressin) (Kashihara,
Maruyama, Murota, & Nakahara, 2009). Taras (200Q8jcates that PA increases blood flow
to the brain and raises the levels of hormonesefonephrine and endorphins) that reduce
stress, improve mood, and induce a calming effétetr @&xercise, possibly leading to an
improvement in AA. Shephard (1996) has also suggethat increased PA may induce
arousal and reduce boredom, leading to increadedtian span and better concentration.
Additionally, PA may increase feelings of self effity and self-esteem, which can improve
class behaviour as well as AA. Furthermore, itssumed that children who participate in
PA, that promotes cooperation, sharing, and ruleviang, learn skills that transfer to
classroom settings (Taras, 2005).

Given the importance of assessment and evaluatitimei education and health fields
and the pressures that educational agents are wadachieve academic success for all
students, indicators of educational achievemenaltineand functional status may allow
educators and policy makers to make more infornesmistbns (Lloyd, Colley, & Tremblay,
2010). Therefore, understanding the relationshiwben MC and AA is important for
ensuring the appropriate assignment of resourcegehsas the implementation of programs
to develop children’s health-related behaviours.

Despite these findings, until now, to the best of &nowledge, no study has
addressed the association between gross MC ami/dbgective indicators for AA, namely
scores on standardized tests for elementary sa@gmkhildren, as assessed in PAPER IV of
this thesis.

In summary, understanding the role of motor coatiam in children’s health-related
behaviours and cognitive outcomes, namely whethapbSB is related to MC, how mothers
perceived their offspring’s weight status and whighasure of adiposity best predicts MC,
and whether or not MC can predict AA in elementseiyool-age children may provide useful
information to public health policy makers and pitaaners in the fields of education, health

and motor behaviour for the prevention or reductbthe burden of MC impairment.
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Methods

The schools’ directors and children’s parents/gaas received verbal and written
description of the study and signed a written imfed consent formThe protocol and
procedures employed followed the Helsinki Declaraftior Investigation in Human Subjects
and were approved by the Curricular Development Bimdvation Division (Portuguese
Ministry of Education) and by the University’s EtRiCommittee.

All data was collected during regularly scheduldd/gical education classes by 2
assessors in full time. This graduated physicalcation professionals received specific
training and had already participated in previoatadollection. The assessors were helped
by the physical education teachers.

The instruments used to perform this thesis wereadilated and feasible in previous
investigations published and were selected takingccount the aims purposed; the human,
equipment and financial resources available; tingelidisposed. The instruments

characteristics and the description are in the aulsection.

3.1 Study Design and Sampling

Data for the present study was derived from thec&a Study aimed to evaluate the
relations between Motor Coordination, Physical %ityi Physical Fitness, Body
Composition, Academic Achievement, and Health Bedravamong elementary school
children. The Bracara Studyvas conducted in a middle city located in the marft Portugal
during the 2009/2010 academic year (Septembente)JuAll 21 public elementary schools
in the city that qualified as urban (accordingtie Municipal Administration Registry) were
considered and invited to participate in this stugbyresponding to 846 children enrolling in
the fourth grade; two schools decided not to taltg g this study, corresponding to 90
children; six schools could not be evaluated orettmtake part in this study, corresponding
to 130 children; 30 children who failed the inctusicriteria (having a mental and/or physical
disability or a health condition that did not alldhem to participate in physical education
classes) or had missing information on the varmlde interest were excluded from this
analysis. Therefore, the final sample included %an public elementary schools, and 596

participants (281 girls) aged 9-12 years old (pajpend paper V).

For Paper | - From the final sample (596 participprdue to temporal and material
restrictions (accelerometers available) 383 chiidiiel not wear the accelerometer. However,

drop out analysis showed that the 383sing children had a similar mean values for higig
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waist circumference, WHtR and mother’s educaticatgchot showed). Therefore, the final

sample included 213 participants (110 girls) agdd $ears old.

For Paper Il - 596 questionnaires were sent out4@&%dwere returned (83.7% response rate).
Drop out analysis showed that the missing 16.3%hdfiren had a BMI that was no different
from that of those included (mean BMI for excluderlO1 + 3.86/s mean BMI for included
18.50 % 3.10, p=0.122). Therefore, final samplduded 499 participants (236 girls; 47.3%),
aged 9-12 years old.

3.2 Measures

3.2.1 Sociodemographic Measures

Each child’s date of birth, gender, and socioecanatatus was extracted from the
schools’ administrative record systems. The socioemic status records used by the
Portuguese Ministry of Education are based on dnfamily income: children may be
eligible for benefit A, eligible for benefit B, arot eligible. These categories were used as a
proxy measurement of family socioeconomic statuguf&tion, 2009). According to the
Portuguese Ministry of Education, those eligiblebienefit A receive books, school supplies,
and meals for free; those eligible for benefit Baige 50 % of the books required and a 50%
discount on meals. The questionnaire also inclualepiestion about mother's educational
level and was also used as a measure of socioe@orsbatus. Mother’s were categorised
according to the Portuguese Education Level: Lowan@datory education — 9 school years);

Medium (secondary education — 12 school years)Higl (college or university degree).

3.2.2 Children’s weight status
Stature and body mass were measured using a setéio($eca 220) and a scale (Tanita
TBF-300) according to standardized procedures whigechild was wearing light clothing
without shoes. Values were recorded to the ne&éstm and 100 g, respectively. Body
mass index (BMI) was calculated as body weight ,(ldiyided by height (m), squared.
Weight status was determined according to the natenal Obesity Task Force (Cole,
Bellizzi, Flegal, & Dietz, 2000; Cole, Flegal, Nalls, & Jackson, 2007) cut-offs for BMI:
underweight, normal weight, overweight, and ob&3e overweight and obese categories
were combined. Waist circumference measurements talken as described by Lohman

(Lohman Rochg & Martorell, 1991).The waist and height were used to compute\WHtR.
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Previous analyses (data not showed) showed thaiR/édplain better MC than body mass
index, fat mass percentage or waist circumfereRée-(0.22 for girls e 0.20 for boys) (Paper
V).

3.2.3 Maternal perceptions of weight status
A questionnaire was distributed to parents for ssiag general child and parental health
variables, divided in three sections: The firsttieec collected information related to the
child; the second section was related to parertaracterization; and the third section
addressed parental physical activity. For this ywtuhly the mothers’ perceptions of their
child’s weight status and the mothers’ self-repbrteeight and weight were used. The
mother’s appraisal of her child’s weight was asseéssith the question: “How would you
describe your child’s weight at the moment? (unéegiat, normal weight, overweight or

obese).”.

3.2.4 Mother’s weight status
The mothers’ height and weight were assessed bypper mentioned questionnaire and
BMI was then calculated and defined according éoWhorld Health Organization (2000) cut
off points (WHO, 2000).

3.2.5 Motor Coordination

MC was evaluated with the body coordination tesrpgerkoordination Test fur
Kinder (KTK), developed for German children (agetl®years) (Kiphard & Schiling, 1974).
The KTK battery has four items:

Balance: the child walks backward on three baldre@ans each 3 m in length, 5 cm
in height, but with decreasing widths of 6, 4.5 &xcim. The child has three attempts at each
beam; the number of successful steps is recordedaxamum of 24 steps (eight per trial)
were counted for each balance beam, which compaisegximum of 72 steps.

Jumping laterally: the child makes consecutive jarfipm side to side over a small
beam (60 cm x 4 cm x 2 cm) as quickly as possimelb s. The child is instructed to keep
his/her feet together; the number of correct jumpsvo trials was summed.

Hopping on one leg over an obstacle: the child wasucted to hop on one foot at a
time over a stack of foam blocks after a short upnAfter a successful hop with each foot
(the child clears the block without touching it asmhtinues to hop on the same foot at least

two times), the height was increased by addingoakb{(50 cm x 20 cm x 5 cm). The child
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had three attempts at each height and on each ttuate, two or one point(s) was/were
awarded for a successful performance on the fastond or third trial, respectively; a
maximum of 39 points (12 stacks blocks) could beex for each leg (maximum score 78).
Shifting platforms: the child begins by standinghnwhboth feet on one platform (25 cm
X 25 cm x 2 cm) supported on four legs, 3.7cm igteand holding a second identical
platform in his/her hands; the child is then insted to place the second platform alongside
the first and to step on to it; the first box ienhlifted and placed alongside the second and
the child steps on to it; the sequence continuef@s. Each successful transfer from one
platform to the next earns two points (one for tihgf the platform, the other for transferring
the body); the number of points in 20 s is recorded summed for two trials. If the child
falls off in the process, he/she simply gets backaoothe platform and continues the test.
Although some of the items in the KTK appear to suea specific components of
motor performance, e.g., dynamic balance, speedagilily, balance and power, the four
tests were loaded in a single factor when analyzigd other items(Kiphard & Schiling,
1974) Hence, the authors utilized the four items togetlis a global indicator &¥C, the
“motor quotient.” Each performance item wasored relative to gender- and age-specific
reference valuefor the population upon which the KTK was estal#dhThe sum of the
standardized scores for thaur items provides the motor quotient. Using theten quotient
children were then categorized as having: MC desd(<70 motor quotient); MC
insufficiency (7¥ motor quotient85); normal MC (868 motor quotien115); good MC
(115 motor quotient<130); or very good MC (131 motor quotient<145). In a normal
population a motor quotient score below 85 reprissarmotor performance level below the
15th percentile and is considered problematic (Krgh& Schiling, 1974). Therefore, in
behalf of the child’s well-being, the authors sugigd that motor therapy is recommended.
The psychometric characteristics of the KTK haverbelocumented (Kiphard &
Schiling, 1974). The test-retest reliability coeiint for the raw score on the total test battery
was 0.97, while corresponding coefficients for undiual tests ranged from 0.80 to 0.96.
Factor analysis of the four individual tests resdlin a single factor labelled gross MC. The
percentage of total variance in MC explained byfthe tests varied from 81% at 6 years to
98% at 9 years (Kiphard & Schiling, 1974). Interetations among the four tests varied
from 0.60 to 0.81 for the reference sample of 12B&dren. Both the factor analysis and
intercorrelations thus indicated acceptable coostralidity. Validity was further determined
through differentiation of normal from disabled Idnén. The KTK test differentiated 91% of

children with brain damage from normal childrenrtgpants were classified as having: MC
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disorders, MC insufficiency, normal MC, good MCwary good MC, according to the KTK
reference values described above. Participants gattd MC were recoded and combined

with those with normal MC due to their small samglee (1.2%).

3.2.6Academic Achievement

AA was assessed using the Portuguese Language atiteidaticaNational Exams
which are mandatory for alf4grade students. The exams were administered in20&9 by
two supervision teachers in the classroom. The &itutal Evaluation Office from the
Portuguese Ministry of Education performs managémanalysis, and maintenance of
student data and the National Exams database. @hiendl Exams are criterion-referenced
tests that provide scores to students, teacherpaedts according to the performance levels:
A (very good), B (good), C (fair), D and E (insefént); the exams aim to evaluate how
primary competences are appropriated by studentsrder to diagnose the educational
system.For each exam 1, 2, 3, 4, or 5 points were atethtio scores of E, D, C, B, and A,
respectively. An AA score was computed by summimg points attained for each of the
exams. Participants were then categorized as hdugig AA (>8 points); middle AA (7-5

points); or lower AA (<4 points), based on theitenvalues of this score.

3.2.7Cardiorespiratory Fitness

Health-related components of physical fithess weraluated using the Fitnessgram
Test Battery, version 8.0. The Fitnessgram is ohetliin the physical education curriculum,
and the five tests recommended in the Portuguetierdh Program (curl-up, push-up, trunk
lift, shuttle-run, and the modified back saverasid-reach) were used in this study. All tests
were conducted according to the Fitnessgram measmteprocedures (Welk & Meredith,
2008).

For the purpose of the present analysis we onlgidened the 20 m shuttle-run test as
a way to evaluate cardiorespiratory fitness. Th& tequires participants to run back and
forth between two lines set 20 m apart. Runningedpstarted at 8.5 km/h and increased by
0.5 km/h each minute, reaching 18.0 km/h at mirdteEach level was announced on the
tape. The participants were told to keep up with placer until exhausted. The test was
finished when the participant failed to reach thd &nes concurrent with the audio signals
on two consecutive occasions. Otherwise, the tegte when the subject stopped because of
fatigue. Participants were encouraged to keep ngnas long as possible throughout the

course of the test. The number of shuttles perfdrmas recorded. Age- and sex-adjusted Z-
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scores were computed, because the age and sekespetioff points of the Fitnessgram
criteria are only developed for children aged l1@rgeold or older, and most participants in
this study were nine years old.

The use of shuttle-run tests to assess aerob&sfitm children with motor problems
is controversial, antias been criticizey Armstrong and Welsman (1997) and Hands and
Larkin (2006)for being overly vulnerable to both motivationaldaenvironmental effects
Indeed, field-based measures of aerobic capaclty ae the internal motivation of the
participants to perform to exhaustion (Rivilis ét, 2011), a circumstance that could be
particularly challenging for children with developntal coordination disorders because they
generally report less confidence in their physetalities and may be unlikely to persist in
their tasks (Cairney et al., 2006). Neverthelesgcant study has shown that the shuttle-run
test is moderately to fairly well correlated witiblbased cycle ergometer tests for assessing
cardiorespiratory fitness in children with and weitth developmental coordination disorders
(Cairney, Hay, Veldhuizen, & Faught, 2010).

3.2.8 Physical Activity and Sedentary Time

The accelerometer GT1M Actigraph (ActiGraph, Peakgd-lorida, USA) was used
to obtain detailed and objectively information abdaily PA and sedentary behavior over 5
consecutive days. This lightweight, biaxial moniteas the latest model available by the
manufacturer at the time of data collection, angdiss have demonstrated that it is a
technically reliable instrument, both within andaas monitors (Rothney, Apker, Song, &
Chen, 2008). The accelerometer was attached tighttiie hip, on the right side, with the
notch faced upwards, and participants were insttlttd use the accelerometer during waking
hours and remove it during water-based activit@sgording to established procedures
(Ward, Evenson, Vaughn, Rodgers, & Troiano, 200%)e epoch length was set to 15
seconds to allow a more detailed estimate of Pénisity (Ward et al., 2005).

Accelerometer data were analyzed by an automatdd daduction program
(MAHUTffe; seewww.mrc-epid.cam.ac.gkthat provided options for screening the data and

computing outcomes. Data files from individual papants were screened by detecting
blocks of consecutive zeros. Periods with 60 msmateconsecutive zeros were detected and
flagged as times in which the monitor was not w@moiano et al., 2008). Participants had
to have at least 10 hours of data to count asid galy and to have at least three valid days to
be included (two weekdays and one weekend day) sthezning procedures were consistent

with current accelerometry studies and also simitarthe screening used in NHANES
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(Colley, Gorber, & Tremblay, 2010; Troiano et &008). After screening was completed, the
raw activity “counts” were processed for determioatof time spent in the different PA
intensities. Activity levels were expressed in meannts.min-1 and also estimates of the
time spent in moderate-to-vigorous physical actifMVPA). The established accelerometer
cut-points proposed by Freedson and published bgt Bt al (Trost et al., 2002) were used to
determine PA intensities. Sedentary behavior wasntified using a cut-point of <100
counts.miff, as this cut-off was shown to have an excelleassification accuracy (Trost,
Loprinzi, Moore, & Pfeiffer, 2010).

3.3 Statistical analysis

Paper | - Descriptive data are presented as meahstandard deviations, and two-
sided t-tests were performed to assess genderaiiffes.

Receiver-operating characteristic (ROC) curves wesed to calculate the optimal
sedentary time cut-off points that best discrimenbétween the participants with high and
low MC. The area under the ROC curve (AUC) represére ability of the test to correctly
classify the participants with high or low MC. Thalues of AUC range between 1 (a perfect
test) to 0.5 (a worthless test). ROC analyses werlmrmed separately by gender.

Binary logistic regression models were constru¢tederify the relationship between
sedentary time percentage and normal/good MC, taguir PA, accelerometer wear time,
WHIR, and mother’s education level.

Data were analyzed using IBM SPSS Statistics v3RSS, Inc. IBM Company,
USA) and MedCalc statistical software (MedCalc softwdariakerke, Belguim). A p value

lower than 0.05 denoted statistical significance.

Paper Il - For the family income and for the mosheveight status variables, due to
the small size of participant’s eligible for bengfA and B and of those in the overweight and
obese categories respectively, the participantse vggouped. Therefore, for the family
income status analysis two groups were considdhexke with school social benefits and
those without. For the mothers’ weight status twaugs were considered: normal weight and
overweight/obese. Mothers’ ages were divided imto groups by the median valug:39

years old and 40 years old.
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An analysis of variance (ANOVA) with Scheffé Postodd test for multiple
comparisons was performed in order to test thesidiffces between groups for continuous
variables. Cross-tabulation examined unadjustedriaite associations between child weight
status categories and family income, gender, mathazight status, age, and education level,
with Chi-Square test or with Fisher’'s Exact tesbh@n’s Kappa test was use to assess the
inter-rater agreement between the percentagesitipants in each one of the weight status
categories (underweight, normal weight, overwewese). The Cohen’s Kappa value can be
interpreted by the strength of agreement: k < @@6r; 0.21 < k <0.40 fair; 0.41 < k <0.60
moderate; 0.61 < k <0.80 good; 0.81 < k <0.100 geryd (Altman, 1991).

All statistical analyses were performed using PASWatistics 19 (Statistical Program

for Windows).The level of significance for all ags¢s was set at 0.05.

Paper Ill - Comparisons between groups involvedd&tut test for continuous
variables. Receiver operating characteristic (RO@Yyes were used to analyse the potential
diagnostic accuracy of the different measures gfasity to discriminate between low and
high MC. Logistic regression analyses were perfarn@ further study the relationship
between different measures of adiposity and MCaDegre analyzed using the IBM SPSS
Statistics v.19 (SPSS, Inc. IBM Company, US%)d MedCalc statistical software (MedCalc

software, Mariakerke, Belguim). A p value underf0d&noted statistical significance.

Paper IV - Two tailed t-test compared gender diffiees in continuous variables.
Binary Logistic Regression was used to obtain talyame the influence of MC on AA,
adjusting for cardiorespiratory fitness, body mas¥ex and socioeconomic status. In this
regression analysis children belonging to the loared middle tertiles of AA were grouped
into one category — models were constructed seggaratr girls and boys. In each model all
variables were tested simultaneously.

Statistics was performed using Predictive AnalyBodtware (IBM - PASW Statistics
18 - Statistical Program for Windows), former knoas SPSS (Statistical Package for the

Social Sciences. A p value <0.05 denoted statistigaificance.
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Abstract

Objectives : This study was conducted to evaluate the relationship between objectively
measured sedentary behavior (SB) and motor coordination (MC) in Portuguese children,
accounting for physical activity (PA), accelerometer wear time, waist-to-height ratio, and
mother’s education level.

Methods: A cross-sectional school-based study was conducted on 213 children (110 girls
and 103 boys) aged 9-10 in the north of Portugal during the spring of 2010. Accelerometers
were used to obtain detailed objective information about daily PA and SB over 5 consecutive
days. Motor coordination was measured with a body coordination test (Korperkoordination
Test fur Kinder - KTK). Waist and height were measured by standardized protocols and the
waist-to-height ratio (WHtR) was calculated. A questionnaire was used to assess mothers’
educational levels. Receiver operating characteristic (ROC) and logistic regressions were
used.

Results : ROC analysis showed that sedentary time significantly discriminated between
children with low MC and high MC, with a best trade off between sensitivity and specificity
being achieved at 277.29% and =76.48% for girls and boys respectively (p<0.05 for both). In
both genders, the low sedentary group had significantly higher odds of having good MC than
the higher sedentary group, independent of PA, accelerometer wear time, WHtR, and
mother’s education level (p<0.05 for both).

Conclusions : Our findings suggest that PA levels per se may not overcome the deleterious
influence of high levels of SB on MC. Our data stress the importance of discouraging SB

among children to improve MC.

Key-words: motor coordination, ROC analysis, physical activity, accelerometry.
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INTRODUCTION

The importance of promoting active lifestyles from a young age is widely recognized
and the health benefits of regular physical activity (PA) are extensively acknowledged
(Strong et al.,, 2005). The incorporation of PA into daily life and the achievement of
recommended health-related levels of PA are major public health challenges. Many children
and adolescents do not meet the current PA recommendations (Jago et al., 2005; Riddoch
et al., 2007; Strong et al., 2005). Moreover, previous research has shown a decline in PA
from childhood to adolescence (Goran et al., 1998; Lopes et al., 2007), with the end of
elementary school (9-11 years old) being a critical period of change (Goran et al., 1998;
Nader et al., 2008).

The importance of promoting the development of motor coordination (MC) at younger
ages relies on the evidence that there are current and future benefits associated with the
acquisition and the maintenance of motor proficiency (Lubans et al., 2010). It has been
suggested that an appropriate acquisition of gross MC contributes to children’s physical,
cognitive, and social development (Lopes, Rodrigues, Maia, & Malina, 2011; Payne &
Isaacs, 1995). A proper MC level is essential for strong general development, as well as for
health, psychosocial development, and well-being (Haga, 2008b; Piek et al., 2006). Although
a rudimentary form of movement pattern may naturally be develop, a mature form of motor
proficiency is more likely to be achieved with appropriate practice, encouragement, feedback
and instruction (Gallahue & Ozmun, 2006). Likewise, these skills need to be learned,
practiced and reinforced through developmentally appropriate movement programmes
(Logan et al., 2011). The early childhood years are a critical time for the development of
these skills, which are considered the building blocks of more complex movements (Clark &
Metcalfe, 2002).

Lately there has been increasing interest in the relationships between MC and
health-related behaviors and outcomes. Indeed, a recent review (Lubans et al., 2010) of the
relationship between MC and health benefits in children and adolescents indicated that MC
levels are inversely correlated with weight status, but positively correlated with PA,
cardiorespiratory fitness, and perceived physical competence in cross-sectional and
longitudinal data. In another systematic review of the literature conducted to synthesize the
recent available data on fithess and physical activity in children with developmental
coordination disorder (a neurodevelopmental condition characterized by poor motor
proficiency that interferes with a child’s activities of daily living). Body composition,

cardiorespiratory fitness, muscle strength and endurance, anaerobic capacity, power, and
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physical activity have all been negatively associated, to various degrees, with poor motor
proficiency (Rivilis et al., 2011).

Current efforts to increase youth’s PA have had limited success, with effective
changes achieved only in smaller sub-groups or in the short term (Kipping et al., 2008; van
Sluijs et al., 2007). One reason for this relative lack of success could be that most of the
public health efforts to promote active lifestyles have focused mainly on PA and have paid
little attention to the growing evidence that indicates that sedentary behavior (SB) is a
distinct health-related behavior (Tremblay, Leblanc, Kho, et al., 2011). Additionally, neither
interventions in PA or SB target improvements in MC (Salmon et al., 2005), and indicators of
motor coordination (MC) have not been systematically included in studies that consider
correlates of PA (Lopes, Maia, et al., 2011) or SB.

Sedentary behaviour is defined as any activity that does not increase energy
expenditure substantially above the resting level (less than 1.5 METS), such as sleeping,
sitting, lying down, or watching television or other forms of screen-based entertainment (Pate
et al., 2008). In light of recent research, lack of PA is only one part of the public health
problem, since various types of SB may operate through different behavioural mechanisms
(Owen et al., 2000), have different determinants (Gordon-Larsen et al., 2000), track
differentially (Gordon-Larsen et al., 2004), and have a distinct range of potentially adverse
health consequences (Tremblay et al., 2007) independently of PA. Additionally, SB shows
moderate stability during childhood and adolescence (Janz et al., 2005).

In a recent review, the relationship between MC and SB was classified as uncertain
due to an inadequate number of studies (only two were available). The review of
associations (Lubans et al., 2010) between MC and aspects of physical and psychological
attributes provides indirect evidence that MC may be an important antecedent/consequent
mechanism for promoting healthier lifestyle-related behaviors (Lubans et al., 2010). Most
studies assume that MC is the cause rather than the consequence of PA, although it is also
reasonable to expect that greater PA opportunities might also provide the context to improve
MC (CIiff et al., 2009). Nevertheless, the literature has paid little attention to the relationship
between SB and MC (two studies reported no association) (Cliff et al., 2009; Graf et al.,
2004), while the other two reported a negative association (Williams et al., 2008; Wrotniak et
al., 2006), leaving the following questions unanswered: (i) does SB predict MC and, if so, (ii)
does this predictive relationship remain after considering the levels of PA that children
undertake.

In this context, the purpose of this study was to evaluate the relationship between
objectively measured sedentary behavior and motor coordination in Portuguese children

aged 9-10 years, accounting for physical activity levels, accelerometer wear time, waist-to-
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height ratio (WHtR), and mother’s education level. We also examine the association

between the amount of time spent on sedentary behaviors and low MC development.

METHODS

Study Design and Sampling

Data for the present study are derived from the Bracara Study aimed to evaluate the
relations between MC, PA, physical fithess, body composition, academic achievement and
health behaviors among elementary school children. The Bracara Study was conducted in a
middle city located in the north of Portugal during the 2009/2010 academic year.

All 21 public elementary schools in the city that qualified as urban (according to the
Municipal Administration Registry) were considered and invited to participate in this study,
corresponding to 846 children enrolling in the fourth grade; two schools decided not to take
part in this study, corresponding to 90 children; six schools could not be evaluated on time to
take part in this study, corresponding to 130 children; 30 children who failed the inclusion
criteria (having a mental and/or physical disability or a health condition that did not allow
them to participate in physical education classes) or had missing information on the
variables of interest were excluded from this analysis. The final sample of Bracara Study
accounts for 596 participants (281 girls); due to temporal and material restrictions
(accelerometers available) 383 children did not wear the accelerometer. However, drop out
analysis showed that the 383 missing children had a similar mean values for height, waist
circumference, WHtR and mother’'s education (data not showed). Therefore, the study
included 13 urban public elementary schools, and 213 participants (110 girls) aged 9-10
years old.

The schools’ directors and children’s parents/guardians received verbal and written
description of the study and signed a written informed consent form. The protocol and
procedures employed followed the Helsinki Declaration for Investigation in Human Subjects
and were approved by the Curricular Development and Innovation Division (Portuguese
Ministry of Education) and by the University’s Ethics Committee.

Data were collected during regularly scheduled physical education classes by 2
assessors in full time. Assessors were physical education graduates and received specific
training, and had already participated in previous KTK and accelerometry data collection.

The assessors were helped by the physical education teachers.
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Measures

Anthropometry
Height was measured to the nearest millimeter in bare or stocking feet with the
children standing upright against a stadiometer (Seca 220). Waist circumference
measurements was taken as described by Lohman (Lohman et al., 1991).The waist and
height were used to compute the WHtR. Previous analyses (data not showed) showed that
WHItR explain better MC than body mass index, fat mass percentage or waist circumference
(R? — 0.22 for girls e 0.20 for boys).

Physical Activity and Sedentary Time

The accelerometer GT1M Actigraph (ActiGraph, Pensacola, Florida, USA) was used
to obtain detailed and objectively information about daily PA and sedentary behavior over 5
consecutive days. This lightweight, biaxial monitor was the latest model available by the
manufacturer at the time of data collection, and studies have demonstrated that it is a
technically reliable instrument, both within and across monitors (Rothney et al., 2008). The
accelerometer was attached tightly in the hip, on the right side, with the notch faced
upwards, and participants were instructed to use the accelerometer during waking hours and
remove it during water-based activities; according to established procedures (Ward et al.,
2005). The epoch length was set to 15 seconds to allow a more detailed estimate of PA
intensity (Ward et al., 2005).

Accelerometer data were analyzed by an automated data reduction program

(MAHUffe; see www.mrc-epid.cam.ac.uk) that provided options for screening the data and

computing outcomes. Data files from individual participants were screened by detecting
blocks of consecutive zeros. Periods with 60 minutes of consecutive zeros were detected
and flagged as times in which the monitor was not worn (Troiano et al., 2008). Participants
had to have at least 10 hours of data to count as a valid day and to have at least three valid
days to be included (two weekdays and one weekend day). The screening procedures were
consistent with current accelerometry studies and also similar to the screening used in
NHANES (Colley et al., 2010; Troiano et al., 2008). After screening was completed, the raw
activity “counts” were processed for determination of time spent in the different PA
intensities. Activity levels were expressed in mean counts.min-1 and also in estimates of the
time spent in moderate-to-vigorous physical activity (MVPA). The established accelerometer

cut-points proposed by Freedson and published by Trost et al., (2002) were used to
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determine PA intensities. Sedentary behavior was identified using a cut-point of <100
counts.min, as this cut-off was shown to have an excellent classification accuracy (Trost,
Loprinzi, Moore, & Pfeiffer, 2011).

Motor Coordination

MC was evaluated with the body coordination test (Korperkoordination Test fir
Kinder -KTK), developed for German children (aged 5-15 years). The KTK battery has four
items:

Balance: the child walks backward on three balance beams each 3m in length, 5cm
in height, but with decreasing widths of 6, 4.5 and 3cm. The child has three attempts at each
beam; the number of successful steps is recorded; a maximum of 24 steps (eight per trial)
were counted for each balance beam, which comprises a maximum of 72 steps.

Jumping laterally: the child makes consecutive jumps from side to side over a small
beam (60cmx4cmx2cm) as quickly as possible for 15s. The child is instructed to keep his/her
feet together; the number of correct jumps in two trials was summed.

Hopping on one leg over an obstacle: the child was instructed to hop on one foot at a
time over a stack of foam blocks after a short run-up. After a successful hop with each foot
(the child clears the block without touching it and continues to hop on the same foot at least
two times), the height was increased by adding a block (50cmx20cmx5cm). The child had
three attempts at each height and on each foot; three, two or one point(s) was/were awarded
for a successful performance on the first, second or third trial, respectively; a maximum of 39
points (12 stacks blocks) could be scored for each leg (maximum score 78).

Shifting platforms: the child begins by standing with both feet on one platform
(25cmx25cmx2cm) supported on four legs, 3.7cm in height and holding a second identical
platform in his/her hands; the child is then instructed to place the second platform alongside
the first and to step on to it; the first box is then lifted and placed alongside the second and
the child steps on to it; the sequence continues for 20s. Each successful transfer from one
platform to the next earns two points (one for shifting the platform, the other for transferring
the body); the number of points in 20s is recorded and summed for two trials. If the child falls
off in the process, he/she simply gets back on to the platform and continues the test.

Although some of the items in the KTK appear to measure specific components of
motor performance, e.g., dynamic balance, speed and agility, balance and power, the four
tests are loaded toward a single factor when analyzed with other items. Hence, the authors
utilized the four items together as a global indicator of MC, the “motor quotient”. Each
performance item was scored relative to gender- and age-specific reference values for the
population upon which the KTK was established (Kiphard & Schiling, 1974). The sum of the

standardized scores for the four items provides the motor quotient. Using the motor quotient
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children were then categorized as having: MC disorders (<70 motor quotient); MC
insufficiency (71< motor quotient <85); normal MC (86< motor quotient <115); good MC
(115= motor quotient <130); or very good MC (131< motor quotient <145). In this study
participants were then categorized as having high MC if children has normal, good and very
good MC (86=< motor quotient <115); or low MC if children were classified has having MC
disorders or insufficiency.

The psychometric characteristics of the KTK have been documented (Kiphard &
Schiling, 1974). The test-retest reliability coefficient for the raw score on the total test battery
was 0.97, while corresponding coefficients for individual tests ranged from 0.80 to 0.96.
Factor analysis of the four individual tests resulted in a single factor labeled gross MC. The
percentage of total variance in MC explained by the four tests varied from 81% at 6 years to
98% at 9 years (Kiphard & Schiling, 1974). Intercorrelations among the four tests varied from
0.60 to 0.81 for the reference sample of 1228 children. Both the factor analysis and
intercorrelations thus indicated acceptable construct validity. Validity was further determined
through differentiation of normal from disabled children. The KTK test differentiated 91% of

children with brain damage from normal children.

Sociodemographics

A questionnaire was distributed to parents for assessing general child and parental
health variables, divided in three sections: the first section collected information related to
the child, the second section collected information to characterize the parents, and the third
section addressed parental physical activity. The questionnaire included a question about
the mother’'s educational level, used as a measure of socioeconomic status. Mothers were
categorized according to the Portuguese Education Level: Low (mandatory education — 9
school years); Medium (secondary education — 12 school years); and High (college or

university degree).

Statistical analysis

Descriptive data are presented as means and standard deviations, and two-sided t-
tests were performed to assess gender differences.

Receiver-operating characteristic (ROC) curves were used to calculate the optimal
sedentary time cut-off points that best discriminate between the participants with high and
low MC. The area under the ROC curve (AUC) represents the ability of the test to correctly
classify the participants with high or low MC. The values of AUC range between 1 (a perfect

test) to 0.5 (a worthless test). ROC analyses were performed separately by gender.
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Binary logistic regression models were constructed to verify the relationship between
sedentary time percentage and normal/good MC, adjusting for PA, accelerometer wear time,
WHItR, and mother’s education level.

Data were analyzed using IBM SPSS Statistics v.19 (SPSS, Inc. IBM Company,
USA) and MedCalc statistical software (MedCalc software, Mariakerke, Belguim). A p value

lower than 0.05 denoted statistical significance.
RESULTS
The descriptive characteristics are shown in Table 1. Girls displayed lower levels of MC

and fewer minutes of MVPA than boys, while boys spent less sedentary time than girls
(p<0.001 for all). 46.3% of girls and 59.3% of boys showed normal or good MC (p<000.1).

TABLE 1. Participants’ characteristics (means + standard deviation).

All Girls Boys -
(n=213) (n=110) (n=103)
Age (years) 9.4610.43 9.45 +£0.37 9.48 £ 0.50 0.612
Sedentary time (min/day) ' 453.62+32.75 463.17+27.71 443.32+34.42 <0.001
Sedentary time (%)’ 75.6015.46 77.20+4.62 73.901£5.79  <0.001
MC (motor quotient) 86.72+14.40  83.56+13.79  90.09+14.34  0.001
MVPA (mean min/day) ' 82.45+24.18 74.12+19.30 91.35+25.75 <0.001
WHIR 0.4840.05 0.48+0.05 0.48+0.05 0.341

Abbreviations: MVPA, Moderate, vigorous and very vigorous physical activity; MC, Motor coordination; WHtR — Waist-to-height

ratio.
+
— adjusted for wear time

* - t- test to compared gender differences.

As presented in Table 2, ROC analysis showed that sedentary time significantly
discriminates between children with low MC and high MC, with a best trade-off between
sensitivity and specificity being achieved at 277.29% and 276.48% for girls and boys
respectively (p<0.05 for both).
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TABLE 2. Best trade-off between sensitivity and specificity for percentage of sedentary time
to discriminate between motor coordination disorders/insufficiency and normal/good motor

coordination by receiver-operating characteristics (ROC) analysis for each gender.

Girls Boys

Sedentary time cut-off (%) 77.29 76.49

Sensitivity 0.686 (0.541-0.809) 0.770 (0.645-0.868)
specificity 0.661 (0.526-0.779) 0.595 (0.433-0.744)
0.659 (0.562-0.746); 0.668 (0.569-0.758);

AUC

p=0.0021 p=0.0023

Abbreviations: AUC, area under the ROC curve.

To explore whether the association between this percentage of sedentary time threshold
and MC is independent of PA, we performed a logistic regression analysis for each gender
(Tables 3 and 4) according to the respective sedentary time cut-off (<77.29% and =77.29%
for girls; <76.49% and =76.49% for boys). In both genders, the low sedentary group had
significantly higher odds of having a good MC than the higher sedentary group, independent
of PA, accelerometer wear time, WHtR, and mothers education level (OR = 5.065 for girls
and OR = 9.149 for boys; p<0.05 for both; see Model 3).

TABLE 3. Odds Ratios and 95% confidence intervals from logistic regression model

predicting normal/good motor coordination, for girls.

Normal/Good Motor

Girls o
Coordination
OR 95% ClI p
Model 1 >77.3% Sedentary time ® 1
Unadjusted <77.3% Sedentary time 4.266 (1.916-9.496) <0.001

Model 2 ° >77.3% Sedentary time 1

<77.3% Sedentary time 4584 (1.764-11.915) 0.002
Model 3 ° >77.3% Sedentary time ® 1

<77.3% Sedentary time 5.065 (1.670-15.363) 0.004

Abbreviations: OR, Odds Ratio. Cl, Confidence Intervals.

a — reference category.

b — adjusted for physical activity and accelerometer wear time.

¢ — adjusted for physical activity, accelerometer wear time , waist-to-height ratio and mother’ education level.
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TABLE 4. Odds Ratios and 95% confidence intervals from logistic regression model

predicting normal/good motor coordination, for boys.

Normal/Good Motor

Boys L
Coordination
OR 95% ClI p
Model 1 >76.5% Sedentary time ? 1
Unadjusted <76.5% Sedentary time 4937 (2.094-11.641) <0.001

Model 2 >76.5% Sedentary time ® 1

<76.5% Sedentary time 5.741 (2.132-15.457) 0.001
Model 3 >76.5% Sedentary time @ 1

<76.5% Sedentary time 9.149 (2.465-33.964) 0.001

Abbreviations: OR, Odds Ratio. Cl, Confidence Intervals.

a — reference category.

b — adjusted for physical activity and accelerometer wear time.

¢ — adjusted for physical activity, accelerometer wear time , waist-to-height ratio and mother’ education level.
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DISCUSSON

The main finding of this study indicates that for both genders the low sedentary group
had significantly higher odds of having a good MC compared with the high sedentary group,
independently of MVPA, accelerometer wear time, WHtR, and mother’s education level.

In children and adolescents, self-reported leisure-time SB such as overall screen time
(i.e. TV viewing, videogames, computer use) has commonly been studied; however, while
these activities may represent a substantial portion of the time spent in total SB, they do not
represent the total amount of everyday sedentary time. In this regard, as has been argued
for PA (Ruiz & Ortega, 2009), objectively measuring total sedentary time by using devices
such as accelerometers may offer particular advantages, since these devices do not rely on
subject recall and may capture the entire daily patterns of both PA and SB. This study
assessed both PA and SB using accelerometry.

The negative effects of sedentary lifestyles on children’s health and health-related
behaviors and outcomes are a source of concern. In this study we observed that children
spent on average 75.6% of their time in SB. Results from other studies using objective
methods (i.e. accelerometry) have also shown that children spend significant proportions of
their waking time being sedentary, between 50% and 80% (Colley et al., 2011; Martinez-
Gomez et al., 2011; Matthews et al., 2008) and as a result may be at risk of detrimental
health outcomes (Hinkley et al., 2010). Mounting evidence has suggested recently that time
spent in SB is associated with adverse health outcomes, an association that may be
independent of the protective contributions of PA, as it remained significant after
adjustments (van Uffelen et al.,, 2010). In a recent review of (both self-reported and
objectively measured) SB and health indicators in school-aged children and youth, the
authors concluded that spending more than 2 hours per day being sedentary was associated
with unfavorable body composition, decreased fitness, lowered scores for self-esteem and
pro-social behavior, and decreased academic achievement (Tremblay, Leblanc, Kho, et al.,
2011).

In this study, ROC analysis showed the best trade-offs between sensitivity and
specificity in discriminating between low and high MC using SB was achieved at 77.29% and
76.49% for girls and boys respectively. The values reported in the present study are in line
with those reported by Martinez et al. (2011) who performed a similar ROC curve and
accelerometer analysis. Martinez et al. (2011) showed that girls who spent more than 69% of
their waking time in SB were less likely to have high cardiorespiratory fithess (Martinez-
Gomez et al., 2011).

Recent studies have focused on understanding the relationships between MC and

health-related behaviours and outcomes. Indeed, a recent systematic review identified eight
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potential benefits of MC (global self-concept, perceived physical competence, cardio-
respiratory fitness, muscular fitness, weight status, flexibility, PA, and reduced SB) and
found evidence for a positive association with PA and cardiorespiratory fithess and an
inverse association with weight status. The remaining benefits, including SB, were classified
as uncertain, due to an inadequate number of studies (Lubans et al., 2010). Rivilis et al.
(2011) performed a systematically review and summarize the literature on the association
between poor motor proficiency and fitness and physical activity outcomes in children. They
concluded that body composition, cardiorespiratory fithess, muscle strength and endurance,
anaerobic capacity, power, and physical activity have all been negatively associated, to
various degrees, with poor motor proficiency. However, differences in flexibility were not
conclusive because the results on this parameter are mixed. Recently, Stodden et al. (2009)
have hypothesized a developmental recursive model suggesting a reciprocal relationship
between MC and PA. The authors postulated that children with high motor skill proficiency
will have higher levels of fitness and perceived sports competence, which in turn predict
greater participation in PA and vice-versa. However, in this model, as in the general
literature, the SB appears to be defined as the inverse of PA (i.e. insufficient levels of PA),
instead of being considered as an independent behavior. In fact, we only found four studies
in literature linking SB to MC (CIiff et al., 2009; Graf et al., 2004; Williams et al., 2008;
Wrotniak et al., 2006), and only three of them (CIiff et al., 2009; Williams et al., 2008;
Wrotniak et al., 2006) were performed using objective measures. However, in those studies
the relationship between PA and motor skills did not take into account the possible
confounding effect of SB, and the associations between SB and motor skills were not
adjusted for the influence of PA.

Our study suggests that high time spent in SB was a predictor of low MC, regardless of
PA levels and other confounders. Our findings, in combination with the studies of Wroniak et
al. (2006) and Williams et al. (2008) that indicate a positive relationship between motor skill
performance and PA and an inverse association with sedentary activity in children (Williams
et al., 2008; Wrotniak et al., 2006), may suggest a reciprocal relationship between SB and
MC. In this context, we could speculate that providing children with alternatives to SB,
namely daily physical education classes, opportunities for sports participation in and outside
school, and school recesses more conducive to activity, could have a positive impact on
their MC, which could in turn increase PA and decrease time spent in SB. However, further
longitudinal and intervention studies are necessary to confirm or disprove this hypothesis.

Our findings have important implications as they suggest that PA levels per se may not
overcome the deleterious influence of high levels of SB on MC. Therefore, to establish
healthy lifestyles from a young age, actions aiming to address the current inactivity crisis

should attempt to both increase PA levels and decrease SB (Tremblay, Leblanc, Kho, et al.,
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2011). Indeed, the necessity for public health recommendations targeting SB has already
been suggested (Hojbjerre et al., 2010). Based on the mounting evidence of the health-
related benefits of low SB, the Canadian Society for Exercise Physiology, in partnership with
the Healthy Active Living and Obesity Research Group at the Children’s Hospital of Eastern
Ontario Research Institute, recently launched the Canadian Sedentary Behavior Guidelines,
which extend the American Academy of Pediatrics’ guidelines for screen time (Education,
2001) to include transportation, sitting time, and time spent indoors. These guidelines
suggest that for health benefits, children and adolescents should minimize the time they
spend being sedentary each day by limiting recreational screen time to no more than 2 hours
per day (lower levels are associated with additional health benefits) as well as limiting
sedentary (motorized) transport, extended sitting time, and time spent indoors throughout
the day (Tremblay, Leblanc, Janssen, et al., 2011); however, recommendations regarding
limits on total time per day spent in sedentary activities are still lacking. Indeed, only a few
studies have addressed links between total SB time and health outcomes in children and

adolescents (Martinez-Gomez et al., 2011).

Strengths and limitations

Strengths of this study include the novelty of the analyses of the associations between
SB and MC; the objective assessment of both total MVPA and total sedentary time (most
previous studies have limited their analysis to self-reported leisure time SB and/or PA); and
the use of a cut-point of <100 counts.min™ to identify sedentary behavior, as this cut-off was
shown to have an excellent classification accuracy (Trost et al., 2011).

This study has some limitations that must be considered when interpreting its results.
First, accelerometers do not identify PA or sedentary patterns or contexts, and the
accelerometers used in this study do not allow us to distinguish the type of sedentary
behavior (i.e. lying, sitting or standing still). Second, the data has been derived from a cross-
sectional study; therefore, results do not indicate causality. More research is needed to
further study the relationship between SB and MC. Longitudinal and interventional studies

would provide information on the direction of this association.
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CONCLUSIONS

In conclusion, in both genders the percentage of time spent in SB was nhegatively
associated with MC, independently of MVPA and other confounders. Our findings suggest
that PA levels per se may not overcome the deleterious influence of high levels of SB on

MC. Our data stress the importance of discouraging SB among children to improve MC.
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Abstract

Background Several studies have addressed mothers’ perceptions of their children’s weight status;

however, there is no investigation on Portuguese children {a country with one of the highest levels

of children’s overweight and obesity in Europe). The aim of this study was to quantify maternal

misclassification of child weight status in a sample of Portuguese children aged 9 to 12 years,

according to gender, family income, and maternal weight status, education level and age.

Methods

Data were collected in a school-based study (school year 2009/2010) in northern

Portugal with 499 urban children {236 girls; 47.3%). Body mass index was calculated from

measurements of height and weight [body mass (kg)/height (m?}]]. Mothers’ perceptions of child’s

weight status, age, height and weight were accessed by a questionnaire. Children’s age, gender and

socio-economic status were extracted from the schools’ administrative record systems. Cohen's

Kappa was used to analyse the misperceptions and the agreement between children’s objectively
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Restifts

measured weight status and mothers’ perception of their child’s weight status.
The prevalence of underweight, overweight and obesity in children was 4.6%, 25.5% and
6.4%, respectively. A proportion of 65.2% of underweight and 61.6% of overweight/obese children

were misclassified by their mothers. For the majority of variables presented, the values of

Correspondence:

Luis Lopes, Institute of
Education, University of
Minho, Campus de
Gualtar, 4710-057 Braga,
Portugal

E-mail:

luisiecum @hotmail.com

Conclusions

Introduction

Parental acknowledgement of a child’s excess weight and an
understanding of its health consequences are crucial primary
steps in tackling obesity (Jeffery ef al. 2005). However, parents
often do not accurately perceive their children’s weight status,
report lowlevels of concern and are not aware of the health risks

© 2012 Bladcwell Publishing Ltd
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agreement were fair (k ranged from 0.257 to 0.486), but were statistically significant. Significant
differences in the percentages of mothers who correctly classified their children’s weight status
were only found among the most educated in the overweight/obese group and among the
normal-weight mothers in the underweight group.

Many mothers do not propetly recognize their children’s weight status and frequently
underestimate their children’s body size.

associated with excess fat accumulation (Baughcum ef af. 2000;
Wake et al. 2002; Maynard ef al. 2003; Carnell et al. 2005; Jeffery
ef al. 2005; Bckstein et al. 2006).

Literature on parental perceptions of children’s weight status
reports high rates of parental misperceptions (Maynard et al.
2003; Eckstein et al. 2006) and indicates that mothers are more
likely than fathers to correctly assess their child’s weight (Jeffery
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et al. 2005). It also states that older children are more likely to be
accurately classified than younger ones (Maynard et al. 2003;
Campbell e al. 2006). Results for socic-economic status, race/
ethnicity and gender are contradictory (Baughcum et al. 2000;
Maynard et al. 2003; Carnell ef al. 2005; Jeffery et al. 2005; West
et al. 2008). However, most of the research in this field has been
carried out in the USA, Australia and the UK, consequently,
studies in other populations with different social and cultural
backgrounds are necessary in order to understand if the asso-
ciations feund in those countries can be generalized.

In Portugal, about one-third of children and adolescents are
overweight or obese (Sardinha ef 4l 2011), which emphasizes
the need for a large variety of strategies to fight this epidemic.
Knewing how Portuguese mothers view their children’s weight
status is an important step for intervention programmes.

The aim of this study was to quantify maternal misclassifica-
tion of child weight status in a sample of Portuguese children
aged 9 to 12 vyears, according to gender, family income, and
maternal weight status, education level and age.

Methods

Study design and sampling

Data for the present study were derived from the Bracara Study
aimed to evaluate the relations between Motor Coordination,
Physical Activity, Physical Fitness, Body Composition, Aca-
demic Achievement and Health Behaviours among elementary
school children. The Bracara Study was conducted in a middle
city lecated in the north of Portugal during the 2009/2010 aca-
demic year (September to June).

All 21 public elementary schools in the city that qualified as
urban (according to the Municipal Administration Registry)
were considered and invited to participate in this study, corre-
sponding to 846 children enrolling in the fourth grade. Tiwo
schools, totalling 90 children, decided not to take part in this
study; six schools (130 children) could not be evaluated on time
to take part in this study; 127 children had missing information
on the variables of interest or failed the inclusion criteria
(because of a mental and/or physical disability or a health con-
dition that did not allow them to participate in physical educa-
tion classes) — all were excluded from this analysis. Therefore,
the study included 13 urban public elementary schools and 499
participants (236 girls; 47.3%), aged 9-12 years old.

The schools” directors and the children’s parents/guardians
received a verbal and written description of the study and
signed a written informed consent form. The employed proto-
el and procedures followed the Helsinki Declaration for
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Investigation in Human Subjects and were approved by the
Curricular Development and Innovation Division (Portu-
guese Ministry of Education) and by the University’s Ethics
Committee,

Measures

Children’s weight status

Stature and body mass were measured using a stadiometer (Seca
220) and a scale (Tanita TBF-300) according to standardized
procedures in light indoor clothing, without shoes. Values were
recorded to the nearest 0.1 cm and 100 g, respectively. Body
mass index (BMI) was calculated as body weight (kg), divided
by height (m), squared. Weight status was determined according
to the International Obesity Task Force {Cole er al. 2000, 2007)
cut-offs for BMI: underweight, normal weight, overweight and
obese. The overweight and obese categories were combined.
Data were collected during regularly scheduled physical educa-
tion classes by a team of specialized examiners and with the help
of physical education teachers.

Muternal perceptions of weight status

A questionnaire was distributed to parents for assessing general
child and parental health variables, divided in three sections:
the first section collected information related to the child; the
second section was related to parental characterization; the
third section addressed parental physical activity. For this study,
only the mothers’ perceptions of their child’s weight status and
the mothers” self-reported height and weight were used. The
mother’s appraisal of her child’s weight was assessed with the
question: ‘How would you describe your child’s weight at
the moment? (underweight, normal weight, overweight or
obese)’. A total of 596 questionnaires were sent out and 499 were
returned (83.7% response rate). Dropout analysis showed that
the missing 16.3% of children had a BMI that was not different
from that of those included (mean BMI for excluded

19.01 = 3.86 vs. mean BMI for included 18.50 % 3.10,
P=0.122).
Mother’s weight status

The mothers” height and weight were assessed by the above
mentioned questionnaire and BMI was then calculated and
defined according to the World Health Organization (2000)
cut-off points.



Sociodemographic measures

Fach child’s family income was extracted from the schools’
administrative record systems. The school’s family income used
by the Portuguese Ministry of Education is based on annual
family income (eligible for benefit A, benefit B, or not eligible)
and was used as a proxy measurement of family socie-economic
status (Portuguese Ministry of Education 2009). The question-
naire also included a question about mothers™ education level
and was also used as a measure of socio-economic status.
Mothers were categorized according to the Portuguese Educa-
tion Level: Low (mandatory education — 9 school years),
Medium (secondary education — 12 school years) and High
(college or university degree).

Statistical analysis

For the family income and for the mothers’ weight status vari-
ables, because of the small size of participants eligible for ben-
efits A and B and of those in the overweight and obese
categories respectively, the participants were grouped. There-
fore, for the family income status analysis two groups were
considered: those with school social benefits and those
without. For the mothers” weight status two groups were con-
sidered: normal weight and overweight/obese. Mothers’ ages
were divided into two groups by the median value: =39 years
old and =40 years old.

An analysis of variance (ANOVA) with Scheffé post-hoc test
for multiple comparisons was performed in order to test the
differences between groups for continuous variables. Cross-
tabulation examined unadjusted bivariate associations between
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child weight status categories and family income, gender, moth-
er’s weight status, age and education level, with chi-squared test
or with Fisher’s exact test. Cohen’s Kappa test was used to assess
the inter-rater agreement between the percentages of partici-
pants in each of the weight status categories (underweight,
normal weight, overweight/obese). The Cohen’s Kappa value
can be interpreted by the strength of agreement: k < 0.20 poor;
021 < k<040 fair; 041 <k < 0.60 moderate; 0.61 < k< 0.80
good; 0.81 <k < 0.100 very good (Altman 1991).

All statistical analyses were performed using pasw Statistics
19 (Statistical Program for Windows). The level of significance
for all analyses was set at 0.05.

Results

The prevalence of underweight, overweight and obese children
was 4.6%, 25.5% and 6.4%, respectively. In girls, 5.9% were
underweight, 27.1% were overweight, and 5.9% were obese;
corresponding figures for boys were 3.4%, 24% and 6.8%,
respectively.

Descriptive statistics for the age, weight, height and BMI of
the child and mother by child weight status are summarized in
Table 1. Mothers of the overweight/obese children were heavier
and had a higher BMI than mothers of normal-weight children
(P < 0.001 and P = 0.03 respectively).

Mothers™ perceptions of their child’s weight status are pre-
sented in Table 2; the percentage of the total agreement between
the child’s objectively measured weight status and mother’s
perception of the child’s weight is 71.1%. The normal-weight
category contributed more at a total agreement of 57.3%,
followed by the overweight/obese category with 12.2%. A pro-

Table 1. Child and mother characteristics by
child weight status (mean and standard

Child weight status

deviation) Underweight MNormal weight  Overweight/obese
n=23(4.6%) n=317(63.5%) n=159(31.9%)
Mean (SD) Mean (SD) Mean (SD) ANOVA
Child
Age 9.74 (0.67) 9,55 (0.53) 9.61 (0.46) F(2,496)=2.07;, P=0.127
Weight 2627 310t 31.94 (4551 44.64 (7.05) F(2,496) = 327.13; P < 0.001
Height 1.37 (0.09) 1.37 (.07t 1.41 (0.06) F(2,496) = 2489 P < 0.001
BMI tkg/m3  13.99 (0750t 17.03 (1.4t 22.31 2.41) F(2,496) = 549.10; P < 0.001
Mother
Age 39.65 (4.73) 3858 (5.53) 38.58 (6.35) F(2,492) = 0.388: P = 0.685
Weight 61.66 (10.57)  63.06 (103Dt 67.49 (9.80) F(2,459) = 9.85; P < 0.001
Height 1.62 (0.06) 1.61 (0.07) 1.62 (0.07) F2AST) =197 P=0141
BMI (kg/m?)  23.39 (4.36) 2443 (3.79)t 25.64 (3.70) F(2,445) = 5.96: P= 0.03

*Significantly different from the normal weight group (P < 0.05).
tSignificantly different from the overweight/obese group (P < 0.05).

B, body mass index.
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Table 2. Percentages and Cohen’s Kappa values of agreement between mother’s perceptions of child weight status and objectively measured child

weight status for total sample and by family income and gender

. Child weight stat
Maternal perception of B e

Cohen's Kappa coefficient

child’s weight status Underweight MNormal weight Overweight/obese {% total agreement) 95% (1
Total (n =499
% perceived child as underweight 34.8 7.6 0
% of the total agreement 1.6
% perceived child as normal weight 65.2 90.2 61.6 0.352* 0.276-0.428
% of the total agreement 57.3 71.1)
% perceived child as overweight/obese 0 2.2 384
% of the total agreement 12.2
Family income (n=499)
High family income (n=302)
% perceived child as underweight 333 74 0
% of the total agreement 1.0
% perceived child as normal weight 66.7 89.9 59.0 0.366% 0.196-0.451
% of the total agreement 56.0 71.2)
% perceived child as overweight/obese 0 2.7 41.0
% of the total agreement 14.2
Low family income (n=197)
% perceived child as underweight 357 7.8 0
% of the total agreement 25
% perceived child as normal weight 64.3 90.7 66.7 0.324* 0.197-0.451
% of the total agreement 594 71.0)
% perceived child as overweight/obese 0 1.6 333
% of the total agreement 9.1
Children gender (n=499)
Girls (n=236)
% perceived child as underweight 28.6 4.9 0
9% of the total agreement 1.7
% perceived child as normal weight 714 924 66.7 0.314* 0.204-0.424
9% of the total agreement 564 (69.1)
% perceived child as overweight/obese 0 2.8 333
% of the total agreement 11.0
Boys (n=263)
% perceived child as underweight 44.4 9.9 0
% of the total agreement 15
9% perceived child as normal weight 55.6 884 56.8 0.390* 0.282-0.498
% of the total agreement 58.2 (73.0)
Y% perceived child as overweight/obese 0 1.7 43.2
9% of the total agreement 133

P2 0,001,
Cl, confidence intervals,

portion of 65.2% of underweight and 61.6% of overweight/
obese children were misclassified by their mothers.

Higher values of agreement were observed for boys, and for
those in the higher family income (Table 2), in the overweight/
obese group, in the higher education level and the young
mothers group (Table 3). For the majority of variables pre-
sented, the values of agreement were weak (k ranged from 0.257
to 0.486), but were statistically significant ('Tables2 & 3).

Table 4 presents the percentages of correct and incorrect
mothers’ classifications of the child’s weight status, by child
weight status.

@ 2012 Blackwell Publishing Ltd, Child: care, health and development
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Within the group of underweight children, a higher percent-
age of normal-weight mothers classified their child’s weight
status incorrectly {P = 0.002). Within the group of overweight/
obese children, a higher percentage of mothers with a high
education level classified their child’s weight status correctly
(P=0.042).

Discussion

The results of this study indicate a high rate of maternal mis-
classification of child weight status; 65.2% of underweight and
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Table 3. Percentages and Cohen’s Kappa values of agreement between mother’s perceptions of child weight status and objectively measured child
weight status by mother’s weight status, age and education level

Maternal perception of child’s

Child weight stat
i i Cohen's Kappa coefficient

weight status Underweight Normal weight Overweight/obese (% total agreement) 95% Cl
Mothers” weight status (n=448)
Normal weight (n=259)
% perceived child as undenweight a1 7.6 0
% of the total agreement 04
% perceived child as normal weight 20,9 80.7 63.5 0.291* 0.173-0409
% of the total agreement 64.1 734)
% perceived child as overweight/chese 0 27 36.5
% of the total agreement 8.9
Overweight/obese (n=189)
% perceived child as undenweight 85.7 7.4 0
% of the total agreement 32
% perceived child as normal weight 14.3 91.7 60.3 0.421% 0.303-0.539
% of the total agreement 52,9 714)
% perceived child as overweight/obese 0 0.9 397
% of the total agreement 15.3
Mothers' age (n=495)
=39 years old (n=283)
% perceived child as underweight 6.7 81 0
% of the total agreement 0.7
% perceived child as normal weight 833 808 55.3 0.379* 0.275-0483
% of the total agreement 59.0 731
% perceived child as overweight/obese 0 2.1 44.7
% of the total agreement 134
=40 years old (n=212)
% perceived child as underweight 54.5 7.0 0
% of the total agreement 28
% perceived child as normal weight 45,5 914 69.9 0.320% 0.206-0434
% of the total agreement 55.2 ©8.4)
% perceived child as overweight/obese 0 1.6 30.1
% of the total agreement 104
Mothers” education level (n=489)
Low education level (n=279)
% perceived child as underweight 41.2 7.2 0
% of the total agreement 25
% perceived child as normal weight 588 91.0 63.0 0.358*% 0.258-0458
% of the total agreement 54.9 69.8)
% perceived child as overweight/obese 0 1.8 37.0
% of the total agreement 124
Medium education level (n=124)
% perceived child as underweight 333 7.8 0
% of the total agreement 0.8
% perceived child as normal weight 66.7 82.6 70.5 0.257% 0.108-0.406
% of the total agreement 55.6 66.9)
% perceived child as overweight/obese 0 26 295
% of the total agreement 10.5
High education level (n=20)
% perceived child as underweight 0 Q.0 0
% of the total agreement 0
% perceived child as normal weight 100 88.1 38.1 0.486* 0.292-0.680
% of the total agreement 65.6 80.0)
% perceived child as overweight/obese 0 3.0 61.9
% of the total agreement 144

*P 20,001,
Cl, confidence intervals,

& 2012 Bladawell Publishing Ltd, Child: care, health and development
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61.6% of overweight/obese children were inaccurately classified
by their mothers as being a normal weight. The agreement
between the objectively measured weight status and the
mothers’ perceptions of their child’s weight status was fair, but
statistically significant. These findings are consistent with earlier
studies that show that most parents do not correctly recognize
their child’s weight status {(Baughcum ef al. 2000; Wake ef al.
2002; Maynard et al. 2003; Carnell et al. 2005; Jeffery et al. 2005;
Campbell eral. 2006; Eckstein et al. 2006; West efal. 2008).
Also, a recent review shows that in 19 of 23 studies reviewed,
fewer than 50% of parents of overweight children recognize
their child as overweight (Parry et al. 2008). This is a concern
because the physical, social and emotional consequences of
obesity may be evident in childhood and may persist into adult
life (Dietz 1998).

Although these systematic misclassifications are not fully
understood, they may be explained by a number of reasons and
methodological limitations: (1) the increasing prevalence of
overweight children may have ‘normalized” this condition,
leading to an increased acceptance of body fat and reduced
ability of mothers to recognize when their own child has excess
weight; (2) stereotypes of overweight children in media reports
tend to show images of severe obesity, which could give a dis-
torted impression of the criteria for being overweight (Camp-
bell efal 2006); (3) differences in sampling (clinical vs.
epidemiological), i.e. clinical samples may be made up of par-
ticipants whose parents already recognize in some part their
weight problem while healthy participants also comprise epide-
miological samples; (4) most of the studies have small sample
sizes (<100 children), which preclude multivariable analyses
(Campbell ef al. 2006} and make the results less precise (Parry
et al. 2008). Larger and more diverse samples might help iden-
tify other correlates and allow comparisons among studies; (5)
there are no uniform or standardized tools for evaluating paren-
tal perceptions of weight status across studies ( Towns 8 [’ Auria
2009); (6) children’s weight status (and parental when it is
the case) is calculated using different measurement instru-
ments (questionnaires, interviews and objective and pictorial
methods), and different standards are used to define childhood
obesity (i.e. Centers for Disease Control and Prevention or
International Obesity Taskforce cut-off points); (7) differences
in the age range of the children studied. Some studies included
children between 5 and 13 vears old (Wake etal. 2002) and
between 2 and 13 years old (Maynard er al. 2003 ) and compared
what is incomparable because of their physical, psychological
and social development differences; (8) socio-economic, cul-
tural and social set differences. For example, Smith and col-
leagues (1999) observed cultural acceptance of larger body sizes
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among African Americans; (9) parents may want to avoid label-
ling because they fear it could stigmatize their child (Latner
et al. 2005); (10) parents may avoid acknowledging their own
weight status to avoid being blamed for their child’s weight
problem (Edmunds 2005); and (11) a lack of understanding of
what overweight and obese mean (Maynard ef al. 2003).

In the present study, 61.6% of overweight/obese children
were classified by their mothers as being normal weight. These
findings agree with West and colleagues (2008), indicating that
the most common error is to underestimate the risk category,
misclassifying overweight children as a normal or healthy
weight (West etal. 2008). Our results highlight the need to
educate parents about obesity and its health consequences in
order to reduce misperceptions (Parry ef al. 2008). BEvidence
suggests that parents who recognize their child’s weight as a
health problem are more likely to change their child’s lifestyle
habits (Rhee ef al. 2005). Furthermore, a parental perception of
a child being overweight is becoming a key variable in deter-
mining the family’s readiness to modify the child’s environment
and lifestyle (Towns & I’ Auria 2009).

Despite higher values of agreement being observed for bovs,
high family income, and for overweight/obese, high education
level and younger aged mothers, significant differences in the
percentages of mothers who correctly classified their children’s
weight status were only found among the most educated in
the overweight/obese group, and among the normal-weight
mothers in the underweight group. This result is in line with
Baughcum and colleagues (2000), who found that the misper-
ceptions were more commeon in mothers with less education,
while others (Maynard er al. 2003; West et al. 2008) found that
socio-economic status did not influence parental perceptions.
Indeed, education is positively associated with health-related
knowledge (Tur et al. 2005) and with a higher capacity to put it
into practice (Ball & Crawford 2006).

Very little information is available on how parents perceive
their underweight and normal-weight children. This study
showed that 65.2% of underweight children are perceived as
normal weight and 7.6% of normal weight children are per-
ceived as underweight. Although over-perception of thinness
can lead to unhealthy dieting and eating disorders, underesti-
mation on weight status can lead to overfeeding and may
increase the risk of these children becoming overweight or
obese. Consequently, it is important that parents have an accu-
rate perception of their child’s weight status.

Our findings have important public health implications, asthe
health-related behaviour (dietary practices, physical activity,
sedentary behaviour) of school-aged children is mainly influ-
enced and controlled by their parents (Lindsay efal. 2006).

© 2012 Bladowell Publishing Ltd, Child: care, health and development
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Inaccurate recognition and lack of parental concern may con-
tribute to the persistence of unhealthy lifestyles (Wardle ef al.
2006) and probably leads to less active attempts at the manage-
ment and exacerbation of obesity (Lobstein eral. 2004). Even
though the media and public health professionals are trying to
increase awareness, these systematic misperceptions raise an
important problem, because the general public awareness may
not translate into an individual level of concern (Campbell ef al.
2006).

This study extends the existing literature on parental weight
perceptions by including data on Portuguese children, one of
the countries with the highest prevalence of overweight and
obese children in Europe, for the first time (Sardinha et al,
2011), and by presenting results of the mothers’ perceptions of
their child’s weight status by BMI categories (underweight,
normal weight, overweight/obese) according to the child’s
gender, the mother’s age, education level and weight status and
family income. Another strength of our study is the high
response rate (83.7%).

A limitation of this study is that the mothers” height and
weight were self-reported and it is known that self-reported
weight status underestimates the true prevalence of being
overweight and obese, especially in women (Yun et al. 2006).
Indeed, 58% of the mothers in our study were classified as
normal weight, which is higher than the prevalence reported for
Portuguese women (48.9%) using objectively measured weight
and height (do Carmo ef af. 2008).

Future studies should investigate effective strategies for
increasing a parent’s awareness of their child’s weight status.

Conclusions

Many mothers do not properly recognize their children’s
weight status and frequently underestimate their children’s
body size.

Key messages

+ This study found that mothers do not properly recognize
their children’s weight status and frequently underesti-
mate their children’s body size.

+ Significant differences in the percentages of mothers who
correctly classified their children’s weight status were only
found among the most educated in the overweight/obese
group and among the normal weight mothers in the
underweight group.

& 2012 Blackwell Publishing Ltd, Child: care, health and development
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Abstract

Objective: The aim of this study is to determine the ability of different measures of adiposity
to discriminate between low/high motor coordination (MC).

Methods: 596 elementary school children (age 9-12 years, 218 girls) participated in this
cross-sectional school-based study. Weight, height and waist circumference (WC) were
objectively measured by standardized protocols. Body fat percentage (BF%) was estimated
by bioelectric impedance. Body mass index (weight/height®) and waist-to-height ratio (WHtR)
were computed. MC was assessed with the Korperkoordination Test fur Kinder. Cardio-
respiratory fitness was predicted by a maximal multistage 20m shuttle-run test of the
Fitnessgram Test Battery. A questionnaire was used to assess the mothers’ educational
level. Receiver operating characteristic (ROC) and logistic regression were performed.
Results : ROC curve analysis showed that all measures of adiposity performed well on
average in identifying low MC, as indicated by the area under the curve greater than 0.6.
The ROC performance of BF% showed a slightly better discriminatory accuracy than BMI,
WC and WHtR in predicting low MC in girls. In boys, the ROC performance of WC showed a
slightly better discriminatory accuracy than BMI, BF% and WHtR in predicting low MC. After
adjustments, logistic regression analyses showed that BMI, WC, BF% and WHtR were
positively and significantly associated with MC in both sexes, with the exception of WHIR in
girls.

Conclusions: BF% and WC showed a slightly better discriminatory accuracy in predicting

low MC, for girls and for boys, respectively.

Key-words: Adiposity, motor coordination, KTK, cardiorespiratory fitness, children.
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INTRODUCTION

Childhood and adolescent obesity has become an important public health problem,
as its prevalence has increased significantly over the past years in several countries (Wang
& Lobstein, 2006). In Portugal, about one-third of children and adolescents are overweight or
obese (Sardinha, Santos, Vale, Silva, et al., 2011).

A proper motor coordination (MC) level is essential for strong general development,
as well as for health, psychosocial development, and well-being (Haga, 2008b; Piek et al.,
2006). Although rudimentary forms of movement patterns may naturally be developed,
mature forms of motor proficiency are more likely to be achieved with appropriate practice,
encouragement, feedback, and instruction (Gallahue & Ozmun, 2006). The early childhood
years are a critical time for the development of these skills, which are considered the
building blocks of more complex movements (Clark & Metcalfe, 2002).

It is reasonably well established in literature that an inverse association exists
between adiposity and MC (D'Hondt et al., 2011; Graf et al., 2004; Lopes, Maia, et al., 2011;
Okely et al., 2004). Indeed, a recent review(Lubans et al., 2010) on the relationship between
MC and health benefits in children and adolescents indicated that MC levels are inversely
correlated with weight status both in cross-sectional and longitudinal studies. In this review,
weight status was negatively correlated with MC in six of nine studies, with the remaining
three demonstrating no relationship (Lubans et al., 2010).

There are some sophisticated methods to accurately measure body fat, such as
computed axial tomography or dual-energy X-ray absorptiometric densitometry; however, it
is not feasible to apply such techniques in large epidemiological studies or even in clinical
settings because they are complex, time consuming and expensive. Therefore, several
anthropometric measures, indices and other techniques (such as bioelectric impedance)
have been used in the literature on the association between adiposity and MC, with the most
common being the body mass index (BMI). In a recent systematic review, Rivilis et al.,
(2011) concluded that an adverse body composition was associated with poor motor
proficiency regardless of the measure of adiposity considered (Rivilis et al., 2011).

However, the gap that remains in the literature is on the ability of the different measures
of weight status/adiposity to predict low MC. Therefore, the aim of this study was to
determine the ability (sensibility and specificity) of different measures of adiposity (BMI, waist
circumference, body fat percentage and waist-to-height ratio) to discriminate between

low/high motor coordination in a sample of children aged 9-12 years.
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METHODS
Study Design and Sampling

Data for the present study are derived from the Bracara Study aimed to evaluate the
relations between MC, PA, physical fithess, body composition, academic achievement and
health behaviors among elementary school children. The Bracara Study was conducted in a
middle city located in the north of Portugal during the 2009/2010 academic year.

All 21 urban public elementary schools in the city were considered and invited to
participate in this study, corresponding to 846 children enrolling in the fourth grade. Two
schools declined the invitation, corresponding to 90 children; six schools could not be
evaluated in time to take part in this study, corresponding to 130 children; and 30 children
who failed the inclusion criteria (having a mental and/or physical disability or a health
condition that did not allow them to participate in physical education classes) or had missing
information on the variables of interest were excluded from this analysis. Therefore, the final
sample included 596 participants (281 girls) aged 9-12 years.

The schools’ directors and children’s parents/guardians received verbal and written
descriptions of the study and signed a written informed consent form. The protocol and
procedures employed followed the Helsinki Declaration for Investigation in Human Subjects
and were approved by the Portuguese Ministry of Education and by the University’s Ethics
Committee.

All data was collected during regularly scheduled physical education classes by a

team of specialized examiners and with the help of physical education teachers.
Measures

Anthropometry

Weight was measured to the nearest 0.1 Kg using a regularly calibrated digital scale
(Tanita TBF-300) with the children in light clothing and without shoes. Body fat percentage
was estimated by a bioelectric impedance digital scale (Tanita TBF-300). Height was
measured to the nearest millimeter in bare or stocking feet with the children standing upright
against a stadiometer (Seca 220). Waist circumference measurements were taken as
described by Lohman (Lohman et al., 1991). Body mass index [body mass (kg)/height (m?)]

and waist-to-height ratio [waist (cm)/height (m)] were calculated.
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Motor Coordination

MC was evaluated with the body coordination test, Kdrperkoordination Test fir
Kinder (KTK).(Kiphard & Schiling, 1974) The KTK battery has four items: balance; jumping
laterally; hopping on one leg over an obstacle; and shifting platforms. The tests were applied

following the original protocols described elsewhere (Lopes, Maia, et al., 2011).

Cardiorespiratory Fitness
The 20 m shuttle-run test was used to evaluate cardiorespiratory fitness according to

the Fitnessgram Test Battery, version 8.0 protocol (Welk & Meredith, 2008).

Sociodemographics
Mother’'s educational level was assessed by a questionnaire distributed to the
mothers of the participants in this study and was used as a proxy measure of socioeconomic

status.

Statistical analysis

Comparisons between groups involved Student t test for continuous variables.
Receiver operating characteristic (ROC) curves were used to analyze the potential
diagnostic accuracy of the different measures of adiposity to discriminate between low and
high MC. Logistic regression analyses were performed to further study the relationship
between different measures of adiposity and MC. Data were analyzed using the IBM SPSS
Statistics v.19 (SPSS, Inc. IBM Company, USA) and MedCalc statistical software (MedCalc

software, Mariakerke, Belguim). A p value under 0.05 denoted statistical significance.

RESULTS

Descriptive statistics for the age, BMI, WC, BF%, WHtR and MC are summarized in
Table 1. Girls had significantly lower MC and higher BF% than boys.
168 girls and 138 boys were classified has having low MC, whereas 112 girls and 176

boys were classified as having high MC.
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Table 1. Participants’ characteristics.

All Girls Boys o
(n=213) (n=110) (n=103)
Age (years) 9.710.6 9.7+0.5 9.7+0.6 0.552
BMI 18.6+3.3 18.6+3.3 18.6+3.3 0.934
Waist Circumference (cm) 66.818.6 66.318.74 67.218.74 0.215
Waist Height Ratio 0.48+0.05 0.48+0.06 049+0.05 0.149
Body Fat percentage (%) 19.7+8.3 21.4+8.9 18.3+7.4 <0.001
Motor Coordination (motor quotient) 85.7+14.4 81.7+14.5 89.3+13.4 <0.001

* -t test to compared gender differences.

ROC curve analysis showed that all measures of adiposity performed well on average in
identifying low MC, as indicated by AUCs greater than 0.6. The ROC performance of BF%
showed a slightly better discriminatory accuracy than did BMI, WC and WHIR in predicting
low MC in girls. In boys, the ROC performance of WC showed a better discriminatory
accuracy than BMI, BF% and WHtR in predicting low MC. In boys, the ROC performance of
BMI, WC and WHtR were slightly better than in girls. The AUCs of BMI, WC, and WHtR
were significantly different from BF% (p<0.05) for the whole sample and for girls. A BMI of
18.0kg/m? for girls and 19.9kg/m? for boys, a WC of 69.50cm for girls and 68.50cm for boys,
a BF% of 24.0% for girls and a 17.60%, and a WHtR of 0.497 for girls and 0.50 for boys

were found to be optimal cut-offs for defining low MC in the participants (Table 2).
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Table 2. Cut-off values, sensitivity, and specificity fdretassociation of different measures of adiposith w

motor coordination by sex.

All

Girls

Boys

BMI

BMI cut-off (kg/m?)
Sensitivity (%)
Specificity (%)

AUC

wc
WC cut-off (cm)
Sensitivity (%)

Specificity (%)
AUC

WHtR
WHTtR cut-off
Sensitivity (%)

Specificity (%)
AUC

BF%

BF% cut-off
Sensitivity (%)
Specificity (%)

AuC

>19.9
46.4 (40.7-52.2)
84.7 (80.0-88.7)
0.668 (0.629-0.706)
p<0.001 #

>69.5
49.7 (43.9-55.4)
83.7 (78.9-87.8)
0.675 (0.635 - 0.702)
p<0.001t

>0.50
47.7 (42.0-53.5)
85.1 (80.4-89.0)
0.663 (0.623-0.701)
p<0.001*

>20.2
58.5 (52.8-64.1)
76.7 (71.4-81.5)
0.709 (0.670-0.745)
p<0.001

>18.0
67.3 (59.6-74.3)
61.6 (51.9-70.6)
0.660 (0.601 - 0.715)
p<0.001%

>69.5
47.6 (39.9-55.5)
83.0(74.8-89.5)
0.660 (0.601 - 0.715)
p<0.001 t

>0.49
47.0 (39.3-54.9)
81.2 (72.8-88.0)
0.643 (0.584-0.699)
p<0.001*

>24.0
53.6 (45.7-61.3)
80.4 (71.8-87.3)
0.701 (0.644-0.754)
p<0.001

>19.9
50.7 (42.1-59.3)
85.8 (79.7-90.6)
0.678 (0.623 - 0.729)
p<0.001

>68.5
54.3 (45.7-62.8)
83.0 (76.6-88.2)
0.704 (0.650 - 0.754),
p<0.001

>0.50
52.9 (44.2-61.4)
85.2(79.1-90.1)
0.701 (0.647 - 0.751),
p<0.001

>17.6
63.0 (54.4-71.1)
72.7 (65.5-79.2)
0.698 (0.644 - 0.749),
p<0.001

AUC — Area Under the Curve; 95% Cl in parentheses; ¥ AUC significantly different from BF% (p<0.05); t+ AUC

significantly different from BF% (p<0.05); *AUC significantly different from BF% (p<0.05).

Logistic regression analyses showed that BMI, WC, BF% and WHtR were positively and

significantly associated with MC in both sexes, with the exception of WHtR after adjustments

for girls (Table 3).
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Table 3. Odds Ratios and 95% Confidence Intervals from logistic regression model predicting low motor
coordination, for body mass index, waist circumference, waist-to-height ratio and fat mass percentage, for

each gender.

Low motor coordination

Girls unadjusted Adjusted®
OR Cl p OR Cl p
BMI<18.0 1
BMI>18.0 3.297 (2.002-5.429) <0.001 2.155 (1.164-3.992) 0.015
WC<69.5 1
WC269.5 4.450 (2.494-7.939) <0.001 2.489 (1.242-4.988) 0.010
BF%<24.0 1
BF%224.0 4.720 (2.707-8.231) <0.001 2.395 (1.234-4.646) 0.010
WHtR<0.497 1
WHtR>0.497 2.733 (1.631-4.580) <0.001 1.343 (0.713-2.528) 0.381
Boys
OR al o OR al p
BMI<19.9 1
BMI>19.9 6.218 (3.627-10.658) <0.001 3.255 (1.740-6.088) <0.001
WC<68.5 1
WC>68.5 5.794 (3.457-9.709) <0.001 3.296 (1.784-6.090) <0.001
BF%<17.6 1
BF%>17.6 4.549 (2.817-7.345) <0.001 2.603 (1.462-4.634) <0.001
WHtR<0.5 1
WHtR20.5 6.479 (3.799-11.051)  <0.001 3.840 (2.025-7.283) <0.001

® - Adjusted for cardiorespiratory fitness and mothers’ education levels.
OR — Odds ratio;

Cl — Confidence Intervals;
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DISCUSSION

The main findings of this study suggest that BF% provides a marginally superior tool for
discriminating low MC for girls as compared with BMI, WC, and WHtR. In boys, WC showed
a slightly better discriminatory accuracy in predicting low MC as compared with BMI, BF%,
and WHItR. Slightly higher pooled AUCs were observed in boys as compared to girls (with an
exception in BF%), suggesting that discrimination is more precise, on average, in boys.
Logistic regression analyses showed that all different measures of adiposity were negatively
and significantly associated with MC in both sexes, with the exception of WHtR for girls, after
adjusting for cardio-respiratory fithess and mothers’ education level.

A recent review of the associations between MC and aspects of physical and
psychological attributes provides indirect evidence that MC may be an important antecedent
or consequent mechanism for promoting health-related behaviors, including weight status
(Lubans et al., 2010). However, measurement issues may potentially play a role in obscuring
the relationship between body composition and MC (Rivilis et al., 2011).

Our study found that, in girls, BF% assessed by bioelectric impedance was the measure
that best predicted low MC. BF% measurement techniques have been developed and
validated for children; however, it has rarely been used in the literature regarding the
relationship between adiposity and MC. The existing studies have found significant
associations between BF% and MC, whether using skin folds (Lopes, Maia, et al., 2011),
bioelectric impedance (J. Cairney, J. A. Hay, B. E. Faught, & R. Hawes, 2005) or whole body
air displacement plethysmography (Silman et al.,, 2011) methods. Using bioelectric
impedance, Cairney et al., (2005) also found that children with poor motor coordination had
greater body weight and body fat compared to their normal MC peers. Bioelectric impedance
is an appealing tool for assessing body composition due to the fact that it is simple, painless,
non-invasive and increasingly cheap, making it highly suitable for survey and clinic use,
particularly in school-age children (Wright et al., 2008). However, the resulting estimates of
fat and fat-free mass actually agree poorly with more accurate methods, tending to be both
biased and imprecise (Eisenmann et al., 2004).

BMI is the most common anthropometric measure used in studies relating to
adiposity status and MC.(Lubans et al., 2010; Rivilis et al., 2011) In a cross-sectional study
with 954 Flemish primary school children stratified, D’Hondt et al.,(2011) found that less than
20% of the healthy-weight participants was identified as being motor impaired, while that
proportion increased to 43.3% and up to 70.8% in children with overweight and obesity,
respectively. BMI is a suboptimal marker of body fat because it does not distinguish fat from
lean tissue or bone, and therefore classifying people as overweight or obese based on their

BMI alone may lead to significant misclassification. Moreover, BMI is not a suitable method
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to assess body fat distribution (Brambilla et al., 2006) and it has been suggested that BMI
may be a less sensitive indicator of fat in children and adolescents than waist circumference
(WC) or waist-to-height ratio (WHtR) (Brambilla et al., 2006).

In boys, we found that WC is the measure that best predicted low MC. In a
longitudinal study, Cairney et al., (2010) also found associations between MC and WC. WC
is a simple, effective and inexpensive anthropometric tool to measure abdominal adiposity
and related metabolic risks in children of different ethnicities (Brambilla et al., 2006; Lee et
al., 2006). For children and adolescents, there are no internationally accepted cut-off values;
however, WC centile charts have been developed for children and adolescents in some
countries (Eisenmann, 2005; Fernandez et al., 2004; Katzmarzyk, 2004; McCarthy et al.,
2001; Sardinha, Santos, Vale, MJ, et al., 2011). Abdominal obesity seems to reflect intra-
abdominal fat, including visceral adipose tissue (Clasey et al., 1999), and it is known that
increased visceral adipose tissue is strongly correlated with CVD risk factors (Soto Gonzalez
et al., 2007). During childhood and adolescence, it is known that abdominal obesity is an
important predictor for several CVD risk factors (Moreno et al., 2002; Savva et al., 2000).
Indeed, in a cross-sectional study with 571 elementary school students, Faught et al.(2005)
found an association between poor MC with increased body fat and low cardio-respiratory
fitness (physical activity was a significant mediator for both relationships). These authors
concluded that poor MC is related to factors associated with increased risk for coronary
vascular disease, including decreased cardiorespiratory fitness and increased body fat
through the mediating influence of physical activity in children.

WHIR has been proposed as a convenient alternative measurement to assess central
fatness in children (Savva et al., 2000). Similar to WC, WHtR has been shown to be strongly
correlated with abdominal fat measured using imaging techniques (Soto Gonzalez et al.,
2007). Correcting WC to height may obviate the need for age-, sex- and ethnic-related
reference values (Ashwell & Hsieh, 2005), while WC requires population-specific cut-off
values (WHO, 2000). To the best of our knowledge, there are no studies linking WHtR and
MC; however, the good AUC found in this study may suggest that WHtR is a good measure
for predicting low MC.

Strengths and limitations

This study has some limitations that need to be recognized. The data has been
derived from a cross-sectional study; therefore results do not indicate causality. Our sample
is not representative of the Portuguese population and therefore our findings are not

generalizable.
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Overall, the strengths of our study comprise the inclusion of potential confounding
factors such as mother’'s education level (used as a proxy measure of socioeconomic
status), which is recognized as having a powerful and synergistic relationship with obesity
(Ulijaszek, 2012); the presence of cardio-respiratory fitness as a potential confounding
element, due to its importance of being simultaneously linked to adiposity and MC (i.e.,
inversely associated with adiposity and positively related to MC) (Faught et al., 2005; Lopes,
Maia, et al., 2011); and the novelty of the study, to determine the ability of different
measures of adiposity to discriminate between low and high MC.

More research on other measures and techniques is needed to further study the

accuracy of different measures of adiposity in discriminating between low and high MC.
CONCLUSIONS

BF% and WC showed a slightly better discriminatory accuracy in predicting low MC
for girls and for boys, respectively. BMI, WC, BF% and WHtR were positively and
significantly associated with MC in both sexes, with the exception of WHtR in girls after

adjustments.
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ABSTRACT

We aimed to evaluate the relationship between gross motor coordination (MC) and academic
achievement (AA) in a sample of Portuguese children aged 9-12 years. The study took place during
the 2009/2010 school year, using 596 urban children (281 girls) from the north of Portugal. AA was
assessed using the Portuguese Language and Mathematics National Exams. Gross MC was evaluated
with the Korperkoordination Test fiir Kinder. Cardiorespiratory fitness was predicted by a maximal
multistage 20m shuttle-run test of the Fitnessgram Test Battery. Body weight and height were
measured following standard procedures. Socioeconomic status was based on annual family income.
Logistic Regression was used to analyze the association of gross MC with AA. 51.6% of the sample
exhibited MC disorders or MC insufficiency and none of the participants showed very good MC. In
both genders, children with insufficient MC or MC disorders exhibited a higher probability of having
low AA, compared with those with normal or good MC (p<0.05 for trend for both) after adjusting for

cardiorespiratory fitness, body mass index and socioeconomic status.

KEY WORDS

Motor coordination; academic achievement; cardiorespiratory fitness; socioeconomic status; body

mass index.
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INTRODUCTION

Mastery of a variety of motor skills is a requisite for children to engage in everyday activities
and has important implications for different aspects of development in children and adolescents
(Piek et al., 2006). Children’s motor skill development incorporate many body systems, including
sensory, musculoskeletal, cardiorespiratory, and neurological systems (Dwyer et al., 2009) and is
ability to interact with the environment (Riethmuller et al., 2009). Consequently, the study of a
child’s motor development is a prerequisite for the full understanding of the children’s whole
development (Payne & Isaacs, 1998).

The importance of promoting the development of MC at younger ages relies on the evidence
that there are current and future benefits associated with the acquisition and the maintenance of
motor proficiency (Lubans et al., 2010). It has been suggested that an appropriate acquisition of MC
contributes to children’s physical, cognitive, and social development (Payne & Isaacs, 1998).
Furthermore, a proper MC level is essential for strong general development, as well as for health,
psychosocial development, and well-being (Haga, 2008a; Piek et al., 2006). Childhood years are a
critical period for the development of these skills, which are considered the building blocks of more
complex movements (Clark & Metcalfe, 2002) and a key factor in the promotion of lifelong active
lifestyles (Clark, 2005; Stodden et al., 2008). It is also known that motor skills have been observed to
track during childhood (Malina, 1996).

Recently, there is a re-emerged debate around the possible relations between physical
activity (PA), physical fitness, motor coordination (MC) and cognitive development (Niederer et al.,
2011), based on the decreased in children’s PA (Knuth & Hallal, 2009), physical fitness (Tomkinson &
Olds, 2007), MC (Pratorius & Milani, 2004), and the pressure of schools and parents to improve
cognitive performance (Chomitz et al., 2009; Ertl, 2006).

While the relationship between PA and physical fitness with academic achievement (AA) has
been thoroughly explored (Ahamed et al., 2007; Carlson et al., 2008; Castelli, Hillman, Buck, & Erwin,
2007; Chomitz et al., 2009; Coe et al., 2006; Etnier, Nowell, Landers, & Sibley, 2006; Eveland-Sayers,
Farley, Fuller, Morgan, & Caputo, 2009; Fox et al., 2010; Grissom, 2005) (Hillman et al., 2008; Kwak
et al., 2009; Niederer et al., 2011; Rasberry et al., 2011; Ruiz et al., 2010b; Sigfusdottir et al., 2007,
Strong et al., 2005; Taras, 2005; Trudeau & Shephard, 2008), little, is known about the relation
between of gross MC and AA in elementary school children.

Studies suggest that neuronal structures (in the cerebellum and the frontal lobe) are
responsible for coordination as well for cognition (Serrien et al., 2006). There is also evidence that

working memory capacity and visual perceptual ability limit children’s AA (Alloway, 2007; Alloway &
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Alloway, 2010; Sortor & Kulp, 2003). Besides, one cross-sectional and longitudinal study found that
higher baseline motor skills (agility and dynamic balance) were related to better spatial working
memory and/or baseline attention as well as their future improvements over the following nine
months (only no association was found between dynamic balance and attention) (Niederer et al.,
2011). Indeed, children with developmental coordination disorders tend to perform poorly in
literacy and numeracy assessments (Alloway, 2007), while fine MC was found to positively correlate
with AA (Sortor & Kulp, 2003); and children with learning disabilities scored poorer in gross MC test
(both locomotor and object-control) (Westendorp et al., 2011). Additionally, other cross-sectional
(Knight & Rizzuto, 1993; Nourbakhsh, 2006; Planinsec, 2002) and interventional studies (Budde et
al., 2008; Erickson, 2008; Uhrich & Swalm, 2007) have shown that improved motor skill levels may
be positively related to improvements in AA or other cognitive variables. Moreover, longitudinal
studies in preschool children found relationship between early motor development and later
cognitive function (Piek et al., 2008; Son & Meisels, 2006), suggesting that early school motor skills
assessment may increased the predictability of later achievement and the probability of identifying
children at risk for school failure (Son & Meisels, 2006).

It is important to note that the term “motor coordination” used in this study is a general
term that encompasses various aspects of movement competency. There are many different test
batteries that assess movement in a variety of ways using various movement tests. Specifically,
process and product oriented movement assessments are used to examine differences in levels of
MC. While it is outside the scope of this study to explain the differences and limitations in how
movement and/or movement outcomes are assessed, we used the term “motor coordination” in
this study as it specifically aligns with the language used in the assessment implemented for this
study (Kiphard-Schilling body coordination test) and with previous literature that has used the same
assessment.

Despite these findings, until now, to the best of our knowledge, no study has addressed the
association between gross MC and direct/objective indicators for AA, namely scores on standardized
tests, in elementary school children without intellectual disabilities, accounting for potential
confounders such as physical fitness, body composition or socioeconomic status (Carlson et al.,
2008; Coe et al., 2006; Etnier et al., 2006; Kwak et al., 2009; Rasberry et al., 2011; Trudeau &
Shephard, 2008). In this context, understanding whether or not gross MC is related to AA among
school age children may provide useful information about how to incorporate PA into daily life,
helping to achieve recommended levels of PA and physical fitness and positively impacting academic

success or progress. The purpose of the present study was to evaluate the relationship between
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gross MC and AA in urban Portuguese children aged 9-12 years, accounting for cardiorespiratory

fitness, body mass index, and socioeconomic status.

METHODS

Study Design and Sampling

Data for the present study are derived from the Bracara Study aimed to evaluate the
relations between gross MC, PA, physical fitness, body composition, AA and health behaviors among
elementary school children. The Bracara Study was conducted in a middle city located in the north of

Portugal during the 2009/2010 academic year.

Participants

All 21 public elementary schools in the city that qualified as urban (according to the
Municipal Administration Registry) were considered and invited to participate in this study,
corresponding to 846 children enrolling in the fourth grade; two schools decided not to take part in
this study, corresponding to 90 children; six schools could not be evaluated on time to take part in
this study, corresponding to 130 children; 30 children who failed the inclusion criteria (having a
mental and/or physical disability or a health condition that did not allow them to participate in
physical education classes) or had missing information on the variables of interest were excluded
from this analysis. Therefore, the study included 13 urban public elementary schools, and 596

participants (281 girls) aged 9-12 years old.

Procedure

The schools’ directors and children’s parents/guardians received verbal and written
description of the study and signed a written informed consent form. The protocol and procedures
employed followed the Helsinki Declaration for Investigation in Human Subjects and were approved
by the Curricular Development and Innovation Division (Portuguese Ministry of Education) and by
the University’s Ethics Committee.

Data were collected during regularly scheduled physical education classes by 2 assessors in
full time. Assessors were physical education graduates and received specific training, and had
already participated in previous KTK data collection. The assessors were helped by the physical

education teachers.
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Measures
Academic Achievement

AA was assessed using the Portuguese Language and Mathematics National Exams which are
mandatory for all 4" grade students. The exams were administered in May 2009 by two supervision
teachers in the classroom. The Educational Evaluation Office from the Portuguese Ministry of
Education performs management, analysis, and maintenance of student data and the National
Exams database. The National Exams are criterion-referenced tests that provide scores to students,
teachers and parents according to the performance levels: A (very good), B (good), C (fair), D and E
(insufficient). For each exam 1, 2, 3, 4, or 5 points were attributed to scores of E, D, C, B, and A,
respectively. An AA score was computed by summing the points attained for each of the exams.
Participants were then categorized as having high AA (>8 points); middle AA (7-5 points); or lower AA

(<4 points), based on the tertile values of this score.

Cardiorespiratory Fitness

Health-related components of physical fithess were evaluated using the Fitnessgram Test
Battery, version 8.0. The Fitnessgram is included in the physical education curriculum, and the five
tests recommended in the Portuguese National Program (curl-up, push-up, trunk lift, shuttle-run,
and the modified back saver sit-and-reach) were used in this study. All tests were conducted
according to the Fitnessgram measurement procedures (Welk & Meredith, 2008).

For the purpose of the present analysis we only considered the 20 m shuttle-run test as a
way to evaluate cardiorespiratory fitness. This test requires participants to run back and forth
between two lines set 20 m apart. Running speed started at 8.5 km/h and increased by 0.5 km/h
each minute, reaching 18.0 km/h at minute 20. Each level was announced on the tape. The
participants were told to keep up with the pacer until exhausted. The test was finished when the
participant failed to reach the end lines concurrent with the audio signals on two consecutive
occasions. Otherwise, the test ended when the subject stopped because of fatigue. Participants
were encouraged to keep running as long as possible throughout the course of the test. The number
of shuttles performed was recorded. Age- and sex-adjusted Z-scores were computed, because the
age and sex-specific cut-off points of the Fitnessgram criteria are only developed for children aged

10 years old or older, and most participants in this study were nine years old.
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Motor Coordination

MC was evaluated with the body coordination test, Kérperkoordination Test fiir Kinder
(KTK), developed for German children (aged 5-15 years) (Kiphard & Schiling, 1974). The KTK battery
has four items:

Balance: the child walks backward on three balance beams each 3 m in length, 5 cm in
height, but with decreasing widths of 6, 4.5 and 3 cm. The child has three attempts at each beam;
the number of successful steps is recorded; a maximum of 24 steps (eight per trial) were counted for
each balance beam, which comprises a maximum of 72 steps.

Jumping laterally: the child makes consecutive jumps from side to side over a small beam (60
cm x4 cm x 2 cm) as quickly as possible for 15 s. The child is instructed to keep his/her feet together;
the number of correct jumps in two trials was summed.

Hopping on one leg over an obstacle: the child was instructed to hop on one foot at a time
over a stack of foam blocks after a short run-up. After a successful hop with each foot (the child
clears the block without touching it and continues to hop on the same foot at least two times), the
height was increased by adding a block (50 cm x 20 cm x 5 cm). The child had three attempts at each
height and on each foot; three, two or one point(s) was/were awarded for a successful performance
on the first, second or third trial, respectively; a maximum of 39 points (12 stacks blocks) could be
scored for each leg (maximum score 78).

Shifting platforms: the child begins by standing with both feet on one platform (25 cm x 25
cm x 2 cm) supported on four legs, 3.7cm in height and holding a second identical platform in his/her
hands; the child is then instructed to place the second platform alongside the first and to step on to
it; the first box is then lifted and placed alongside the second and the child steps on to it; the
sequence continues for 20 s. Each successful transfer from one platform to the next earns two points
(one for shifting the platform, the other for transferring the body); the number of points in 20 s is
recorded and summed for two trials. If the child falls off in the process, he/she simply gets back on
to the platform and continues the test.

Although some of the items in the KTK appear to measure specific components of motor
performance, e.g., dynamic balance, speed and agility, balance and power, the four tests were
loaded in a single factor when analyzed with other items (Kiphard & Schiling, 1974). Hence, the
authors utilized the four items together as a global indicator of MC, the “motor quotient.” Each
performance item was scored relative to gender- and age-specific reference values for the
population upon which the KTK was established. The sum of the standardized scores for the four
items provides the motor quotient. Using the motor quotient children were then categorized as

having: MC disorders (<70 motor quotient); MC insufficiency (71< motor quotient <85); normal MC
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(86< motor quotient <115); good MC (115< motor quotient <130); or very good MC (131< motor
guotient <145).

The psychometric characteristics of the KTK have been documented (Kiphard & Schiling,
1974). The test-retest reliability coefficient for the raw score on the total test battery was 0.97, while
corresponding coefficients for individual tests ranged from 0.80 to 0.96. Factor analysis of the four
individual tests resulted in a single factor labelled gross MC. The percentage of total variance in MC
explained by the four tests varied from 81% at 6 years to 98% at 9 years (Kiphard & Schiling, 1974).
Intercorrelations among the four tests varied from 0.60 to 0.81 for the reference sample of 1228
children. Both the factor analysis and intercorrelations thus indicated acceptable construct validity.
Validity was further determined through differentiation of normal from disabled children. The KTK
test differentiated 91% of children with brain damage from normal children. Participants were
classified as having: MC disorders, MC insufficiency, normal MC, good MC or very good MC,
according to the KTK reference values described above. Participants with good MC were recoded

and combined with those with normal MC due to their small sample size (1.2%).

Sociodemographics

Each child’s date of birth, gender, and socioeconomic status was extracted from the schools’
administrative record systems. The socioeconomic status records used by the Portuguese Ministry of
Education are based on annual family income: children may be eligible for benefit A, eligible for
benefit B, or not eligible. These categories were used as a proxy measurement of family
socioeconomic status (Education, 2009). According to the Portuguese Ministry of Education, those
eligible for benefit A receive books, school supplies, and meals for free; those eligible for benefit B

receive 50 % of the books required and a 50% discount on meals.

Anthropometrics

Weight was measured to the nearest 0.1 kg using a regularly calibrated digital scale (Tanita
TBF-300), while the child was wearing light clothing without shoes. Height was measured to the
nearest millimeter with a field stadiometer (Seca 220). The body mass index (kg.m™) was calculated

and defined according to Cole et al. (Cole et al., 2000) cut off points.
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Statistical analysis

Two tailed t-test compared gender differences in continuous variables. Binary Logistic
Regression was used to analyze the influence of MC on AA, adjusting for cardiorespiratory fitness,
body mass index and socioeconomic status. In this regression analysis children belonging to the
lower and middle tertiles of AA were grouped into one category — models were constructed
separately for girls and boys. In each model all variables were tested simultaneously.

Statistics was performed using Predictive Analytics Software (IBM - PASW Statistics 18 -
Statistical Program for Windows), former known as SPSS (Statistical Package for the Social Sciences.

A p value <0.05 denoted statistical significance.

RESULTS

Boys had, on average, significantly higher levels of gross MC and fitness compared with girls

(p<0.001 for both); Table 1.

Table 1 — Participants’ characteristics.

Whole Sample Girls Boys
p*
(n=596) (n=281) (n=315)
Age
9.710.6 9.7+0.5 9.7+0.6 0.552
(years)
Cardiorespiratory Fitness
19.9+11.3 16.618.0 22.8+13.0 0.000
(number of laps)
Motor Coordination
85.7t14.4 81.7+14.5 89.3t13.4 0.000
(motor quotient)
Body Mass Index
18.6%3.3 18.6%3.3 18.6+3.3 0.934

(kg.m’z)

Portugal, academic year 2009/2010.

* - t-test compared gender differences.

As shown in Table 2, 51.6% of the entire sample exhibited MC disorders or MC insufficiency
and none of the participants showed very good MC. In both, Portuguese Language and Mathematics

exams, none of the participants scored E, and more boys than girls scored A and D.
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Table 2 - Prevalence of Motor Coordination and Academic Achievement.

Whole Sample Girls Boys
(n=596) (n=281) (n=315)
n % n % n %
Motor Coordination
Motor coordination disorders 86 144 63 224 23 73
Motor coordination insufficiency 222 373 107 38.1 115 36.5
Normal motor coordination 281 47.1 110 39.1 171 543
Good motor coordination 7 1.2 1 04 6 19
Very good motor coordination 0 o0 0 0 0 0
Portuguese Language Exam
A 64 10.7 27 9.6 37 118
B 210 35.2 107 38.1 103 327
C 255 428 121 431 134 425
D 67 113 26 9.2 41 13.0
E 0 o0 0 O 0 o
Mathematic Exam
A 114 19.1 48 17.1 66 21.0
B 201 33.7 100 35.6 101 32.0
C 215 36.1 102 36.3 113 359
D 66 11.1 31 11.0 35 111
E 0 0 0 0 0 0

Portugal, academic year 2009/2010.

Children with MC insufficiency or MC disorders exhibited a higher probability of having low

AA, compared with those with normal coordination (p<0.05 for trend in both genders); Tables 3 and

4.
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Table 3 - Odds Ratios and 95% Confidence Intervals from binary logistic regression model predicting

low academic achievement, for girls.

Low Academic Achievement

Boys s
Unadjusted model Adjusted model
OR 95% ClI p p for trend OR 95% Cl p p for trend
Normal/good motor
b 1 1

coordination
Motor coordination

1.938 (0.778-4.828) 0.155 <0.001 2.496 (0.941-6.623) 0.066 <0.001
insufficiency
Motor coordination

5.150 (2.087-12.711) <0.001 7.861 (2.739-22.559) <0.001
disorders
Body mass index 0.916 (0.816-1.029) 0.139
Cardiorespiratory

1.223 (0.815-1.837) 0.331
fitness
Socioeconomic
1
status® (not eligible)
Socioeconomic
status 0.678 (0.246-1.865) 0.451
0.698

(benefit A)
Socioeconomic
status 0.744 (0.330-1.681) 0.477

(benefit B)

Portugal, academic year 2009/2010.

® - Adjusted for socioeconomic status, body mass index and cardiorespiratory fitness.
®_ Reference category.

OR — Odds Ratio.

Cl — Confidence Intervals.

107



Results

Table 4 - Odds Ratios and 95% Confidence Intervals from binary logistic regression model predicting

low academic achievement, for boys.

Low Academic Achievement

Boys a
Unadjusted model Adjusted model
OR 95% ClI p p for trend OR 95% Cl p p for trend
Normal/good motor
b 1 1

coordination
Motor coordination

1.483 (0.769-2.862) 0.240 0.026 1.868 (0.902-3.865) 0.092 0.006
insufficiency
Motor coordination

3.758 (1.428-9.886) 0.007 6.815 (2.075-22.379) 0.002
disorders
Body mass index 0.841 (0.741-0.954) 0.007
Cardiorespiratory

1.021 (0.710-1.469) 0.910
fitness
Socioeconomic
1
status® (not eligible)
Socioeconomic
status 0.867 (0.360-2.090) 0.750
0.016

(benefit A)
Socioeconomic
status 0.369 (0.175-0.778) 0.009

(benefit B)

Portugal, academic year 2009/2010.

® - Adjusted for socioeconomic status, body mass index and cardiorespiratory fitness.
®_ Reference category.

OR — Odds Ratio.

Cl — Confidence Intervals.
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DISCUSSION

The results of this study indicate that children of both genders with low gross MC had a
higher probability of having low AA, after adjusting for cardiorespiratory fitness, body mass index,
and socioeconomic status.

There are potential biological, psychological, and social mechanisms that may help explain
this relationship. Coordinative exercise (exercises strengthening various coordination abilities)
involve an activation of the cerebellum, which influences motor functions (Gao et al., 1996) as well
as attention (Courchesne et al., 1994), working memory (Klingberg et al., 1996), and verbal learning
and memory (Andreasen et al., 1995). Additionally, the frontal lobes play an important role in
mediating both MC (Hernandez et al., 2002) and cognitive functions (Miller & Cohen, 2001). An
interventional study performed by Budde et al. (2008) aiming to investigate the effect of 10 minutes
of physical exercise (coordination exercises vs. non-specific physical education lessons) on
concentration and attention performance in a school setting revealed enhanced attention and
concentration performance in both groups, with significantly higher enhancement in the group that
performed coordination exercises. Furthermore, they suggest that coordination exercises lead to a
facilitation of neuronal networks that results in a pre-activation of cortical activities that are
responsible for cognitive functions such as attention (Budde et al., 2008).

Better gross MC results may reflect better overall health, as has been suggested in the case
of physical fitness (Chomitz et al., 2009) (i.e., better nutrition, more PA and healthier weight status),
and good health may contribute positively to AA. As the literature points out, high levels of motor
competence/skill are positively associated with PA (Wrotniak et al., 2006). Cognitive facilitation by
PA is presumably attributable to a direct improvement in cerebral circulation (of glucose, oxygen,
and energetic substances) and the alteration of neurotransmitter actions in the central nervous
system (acetycholine, dopamine, norepinephrine, epinephrine, adrenocorticotropic hormone and
vasopressin) (Kashihara et al., 2009). Taras indicates that PA increases blood flow to the brain and
raises the levels of hormones (norepinephrine and endorphins) that reduce stress, improve mood,
and induce a calming effect after exercise, possibly leading to an improvement in AA (Taras, 2005).
Shephard has also suggested that increased PA may induce arousal and reduce boredom, leading to
increased attention span and better concentration (Shephard, 1996). Additionally, PA may increase
feelings of self efficacy and self-esteem, which can improve class behaviour as well as AA.
Furthermore, it is assumed that children who participate in PA that promotes cooperation, sharing,

and rule following learn skills that transfer to classroom settings (Taras, 2005).
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It of importance to note that children with poor MC report systematically less participation
in organized and free-play activities than their typically developing peers (activity deficit) (Bouffard
et al.,, 1996; J. Cairney et al., 2005), and these differences tend to persisted over time (Cairney, Hay,
Veldhuizen, Missiuna, & Faught, 2010); therefore, it is possible that these children are not provided
with the same opportunity to enhance AA given the benefits of PA on AA.

Our results also showed that boys had higher levels of gross MC and better performance on
cardiorespiratory fitness tests than girls. This finding is supported by previous longitudinal research
that found that boys had consistently higher results in both MC and physical fitness than girls at each
observation (Lopes et al., 2009; Pereira et al., 2010). Perhaps the types of sports and PA in which
boys are more often involved, i.e., those that require eye-hand (or foot) coordination (evident in a
variety of ball games), give them more opportunities to improve their cardiorespiratory fitness and
refine their MC.

Only 48.8% of our study participants were classified as having at least normal MC and none
showed very good MC. These results are in line with those reported in a study with Portuguese
children aged 6-10 years old (Maia & Lopes, 2002). However, our gross MC numbers are
considerably lower than those observed by others (Graf et al.,, 2004; Vandorpe et al., 2011). In a
study with German children aged 6-9 years old, Graf et al. (2004) found that only 31.3% of
participants showed lower than normal MC. Vandorpe et al. (2011), in a study of Belgian children
aged 6-11 years, found that only 21.1% demonstrated lower than normal MC. In the original German
(1974) standardization sample with children aged 6-11, only 16% demonstrated lower than normal
MC (Kiphard & Schiling, 1974). The low gross MC levels in Portuguese children may possibly be
explained partially by the fact that Portuguese children have one of the highest rates of obesity in
Europe (Sardinha et al., 2010). Indeed, several studies have described that overweight children have
poor results on motor skill tests when compared with their normal-weight counterparts (Graf et al.,
2004; Okely et al., 2004). Additionally, Portuguese children and adolescents have lower levels of PA
(Baptista et al., 2011) compared to their European counterparts, a characteristic that correlates with
low MC (Okely et al., 2001b). Furthermore, KTK norms and cut-off values are based on German
children tested 36 years ago, while the literature has shown that children’s physical fitness
(Tomkinson, Leger, Olds, & Cazorla, 2003) and PA (Knuth & Hallal, 2009) are declining; as motor skills
are positively associated with both physical fitness (Hands et al., 2009) and PA (Williams et al., 2008;
Wrotniak et al., 2006), perhaps MC levels are decreasing as well. Indeed, Pratorius & Milani (2004)
have shown that over the last 30 years, the percentage of German children with low MC has
increased substantially, from 16% in the KTK test’s original validation to a level of 38% in

contemporary children.
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Schools are excellent settings in which to provide students with the opportunity for daily PA,
to teach the importance of regular PA for health, and to build skills that support active lifestyles.
Promoting active lifestyles from a young age is widely recognized as beneficial, and the health
benefits of regular PA are extensively acknowledged (Andersen et al., 2006; Strong et al., 2005). The
incorporation of PA into daily life and the achievement of recommended PA levels for the
maintenance of good health are major public health challenges. Physical education lessons and
school recesses are ideal settings in which to develop children’s fundamental movement skills and
increase PA and fitness (van Beurden et al., 2003), while also contributing to one of the primary
missions of schools, i.e. the promotion of academic performance (Dwyer, Sallis, Blizzard, Lazarus, &
Dean, 2001).

Given the importance of assessment and evaluation in the education and health fields and
the pressures that educational agents are under to achieve academic success for all students,
indicators of educational achievement, health, and functional status may allow educators and policy
makers to make better informed decisions (Lloyd et al., 2010). Therefore, understanding the
relationship between MC and AA is important for ensuring the appropriate assignment of resources
as well as the implementation of programs to develop children’s health-related behaviors. This study
highlights the necessity of providing opportunities for children to engage in PA structured and
unstructured that promote a diversity of motor skills, since gross MC seems to play such an

important role in AA.

Strengths and limitations

This study has some limitations that need to be recognised. The data has been derived from
a cross-sectional study so the results do not indicate causality. Our sample is not representative of
the Portuguese population and therefore our findings are not generalizable. The use of shuttle-run
tests to assess aerobic fitness in children with motor problems is controversial, and has been
criticized by Armstrong and Welsman (1997) and Hands and Larkin (2006) for being overly vulnerable
to both motivational and environmental effects. Indeed, field-based measures of aerobic capacity
rely on the internal motivation of the participants to perform to exhaustion (Rivilis et al., 2011), a
circumstance that could be particularly challenging for children with developmental coordination
disorders because they generally report less confidence in their physical abilities and may be unlikely
to persist in their tasks (Cairney et al., 2006). Nevertheless, a recent study has shown that the
shuttle-run test is moderately to fairly well correlated with lab based cycle ergometer tests for
assessing cardiorespiratory fitness in children with and without developmental coordination

disorders (Cairney, Hay, Veldhuizen, & Faught, 2010).
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Overall, the strengths of our study include the use of direct indicators of AA, namely, scores
on standardized national exams; the inclusion of potential confounding factors such as
socioeconomic status, which is recognized as a major factor in academic performance (Coe et al.,
2006); the use of cardiorespiratory fitness, because it was suggested that this could mediate the
relationship between PA and AA (Kwak et al., 2009); and the use of body mass index, which has been
documented as inversely related with MC (Graf et al., 2004; Okely et al., 2004).

More research is needed to further study the relationship between MC and AA. Longitudinal

and interventional studies would provide information on the direction of this association.

CONCLUSIONS
In this cross-sectional study, children of both genders with lower MC had higher odds of
having low AA, after adjusting for potential confounding factors. The early identification of children

with poor MC is crucial to implementing activities that develop health-related behaviors.
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Discussion

The main findings of the present work indicate th@gquate levels of MC in children
have essential importance since it were found topbstive related with health-related
behaviours and cognitive outcomes. This study sti@awfor both genders the low sedentary
group had significantly higher odds of having a@d®dC compared with the high sedentary
group, independently of MVPA, accelerometer weareti WHtR, and mother’s education
level (paper I). The results also indicate a higte rof maternal misclassification of child
weight status; 65.2% of underweight and 61.6% otraeight/obese children were
inaccurately classified by their mothers as beimganal weight, and the agreement between
the objectively measured weight status and the emsttlperceptions of their child’s weight
status was fair, but statistically significant (papl). Moreover, regarding the relationship
between adiposity measures and MC, this study stighat BF% provides a marginally
superior tool for discriminating low MC for girlsa&ompared with BMI, WC, and WHtR. In
boys, WC showed a slightly better discriminatorycuaacy in predicting low MC as
compared with BMI, BF%, and WHtR. Slightly highesgted AUCs were observed in boys
as compared to girls (with an exception in BF%)ggasting that discrimination is more
precise, on average, in boys. Logistic regressialyaes showed that all different measures
of adiposity were negatively and significantly asated with MC in both sexes, with the
exception of WHtR for girls, after adjusting forrdeo-respiratory fitness and mothers’
education level (paper Ill). Finally, this studylicates that children of both genders with low
gross MC had a higher probability of having low A&fter adjusting for cardiorespiratory
fitness, body mass index, and socioeconomic s{payer 1V).

Motor behaviour is an essential aspect of childtemelopment. Excessive levels of
sedentary time (Colley et al., 2011) and obesityrd®ha, Santos, Vale, Silva, et al., 2011)
along with, low levels of childhood physical actii(Baptista et al., 2011; Colley et al.,
2011), physical fitness (Tremblay et al., 2010) &hd (Maia & Lopes, 2007; Pratorius &
Milani, 2004; Vandorpe et al., 2011), are major lpubealth issues that may threaten the
future development, health and well-being of yopegple (Reilly & Kelly, 2011; Strong et
al., 2005; WHO, 2010). Furthermore, since it is\Wrtbhat motor development is interrelated
with cognitive development, when there are pertimba (genetic or environmental) that
affect motor system or cognition it is often thesedhat both motor and cognitive functions
are affected (Diamond, 2000). Therefore, childretéselopment cannot be separated easily
into disconnected developmental domains (Smith. £1999), rather it is the whole child that

needs our attention (Bowman et al., 2001). Addalbn it is know that early school motor
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skills assessment may increased the predictabilitgter achievement and the probability of
identifying children at risk for school failure (8& Meisels, 2006).

Recently, researchers has been studying possibpéications of MC for talent
identification purposes (Fransen et al.,, 2012; \émadiessche, Vaeyens, et al., 2012;
Vandendriessche et al.,, 2011; Vandorpe, Vandersities Vaeyens, Pion, Lefevre, et al.,
2012) as well as potential health-related and dgreental benefits in childhood throughout
the lifespan (Lubans et al., 2010; Vandorpe, Vaddessche, Vaeyens, Pion, Matthys, et al.,
2012). However, children’s MC levels have been dbesd as suboptimal. Indeed, our results
show that 51.7% of our study participants were sifeesl as having MC disorders or
insufficiencies and none showed very good MC, atiogrto the normative values of KTK
test battery. These results are in line with theg®rted in a study with Portuguese children
aged 6-10 years (Maia & Lopes, 2002). However, @ numbers are considerably lower
than those observed by others (Graf et al., 20Ghddgrpe et al., 2011). In a study with
German children aged 6-9 years, Graf et al. (206dihd that only 31.3% of participants
showed lower than normal MC. Vandorpe et al. (20@ila study of Belgian children aged 6-
11 years, found that only 21.1% demonstrated Idhem normal MC. In the original German
(1974) standardization sample with children agedl6enly 16% demonstrated lower than
normal MC (Kiphard & Schiling, 1974). The low MCvigs in Portuguese children may
possibly be explained partially by the fact thattBguese children have one of the highest
rates of obesity in Europe (Sardinha et al., 20lk@eed, several studies have described that
overweight children have poor results on motor $&8ts when compared with their normal-
weight counterparts (Graf et al., 2004; Okely et 2004). Additionally, Portuguese children
and adolescents have lower levels of PA (Baptis&.e2011) compared to their European
counterparts, a characteristic that correlates leithMC (Okely et al., 2001b). Furthermore,
KTK norms and cut-off values are based on Germaldreim tested 36 years ago, while the
literature has shown that children’s physical f&m€Tomkinson et al., 2003) and PA (Knuth
& Hallal, 2009) are declining; as motor skills gresitively associated with both physical
fitness (Hands et al., 2009) and PA (Williams et 2008; Wrotniak et al., 2006), perhaps
MC levels are decreasing as well. Indeed, Prataililani (2004) have shown that over
the last 30 years, the percentage of German childiéh low MC has increased substantially,
from 16% in the KTK test’s original validation tdevel of 38% in contemporary children.

Sedentary behaviour has been acknowledged as aortanp contributor to the
premature development of non-communicable dis€asenplay, Leblanc, Kho, et al., 2011),

separate and distinct from a lack of moderate-itmrous-intensity physical activity (van
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Uffelen et al.,, 2010). In children and adolescestsf-reported leisure-time SB such as
overall screen time (i.e. TV viewing, videogameasnputer use) has commonly been studied;
however, while these activities may represent atsuitial portion of the time spent in total
SB, they do not represent the total amount of elegrysedentary time. In this regard, as has
been argued for PA (Ruiz & Ortega, 2009), objetyiveeasuring total sedentary time by
using devices such as accelerometers may offecplart advantages, since these devices do
not rely on subject recall and may capture theremtaily patterns of both PA and SB. This
study assessed both PA and SB using accelerometry.

In literature, the relationship between SB and M&S Iheen rarely studied and no
study has analyzed this relation accounting fol@#ls. Only four studies have analyzed the
association between MC with SB, ClIiff et al., (2D@hd Graf et al., (2004) reported no
association, while Williams et al., (2008) and Watnet al., (2006) reported a negative
association. The present study show that high spent in SB was a predictor of low MC,
regardless of PA levels and other confounders. flddings have important implications as
they suggest that PA levgder semay not overcome the deleterious influence of heyels
of SB on MC. These findings, in combination witle tetudies of Wroniak et al. (2006) and
Williams et al. (2008) that indicate a positiveat@dnship between motor skill performance
and PA and an inverse association with sedentdryitgan children (Williams et al., 2008;
Wrotniak et al., 2006), may suggest a reciprochtimnship between SB and MC. In this
context, we could speculate that providing childveith alternatives to SB, namely daily
physical education classes, opportunities for spparticipation in and outside school, and
school recesses more conducive to activity, coakeha positive impact on their MC, which
could in turn increase PA and decrease time spe8B. However, further longitudinal and
intervention studies are necessary to confirm spradive this hypothesis.

Despite recent studies suggesting a stabilizatioa plateau in the prevalence of
childhood overweight or obesity in some countriéssgner, Sohlstrom, Sundblom, &
Sjoberg, 2010; Ogden, Carroll, Curtin, Lamb, & Eeg010; Olds, Tomkinson, Ferrar, &
Maher, 2010; Salanave, Peneau, Rolland-Cacherabklg, & Castetbon, 2009), many
children still have excessive body weight. In Pgaly a representative study in children aged
10 to 18 years found that the prevalence of oveyifbesity were about a third, which is
one of the higher prevalence rates in Europe (BhajiSantos, Vale, Silva, et al., 2011).
Therefore, a large variety of strategies is neeetight this epidemic, and parents have

crucial importance for prevention and treatmengpaims.
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Our findings agree with earlier studies that shbat tmost parents do not correctly
recognize their child’s weight status (Baughcuralgt2000; Campbell et al., 2006; Carnell et
al., 2005; Eckstein et al., 2006; Jeffery et 8002, Maynard et al., 2003; Wake et al., 2002;
West et al., 2008). Also, a recent review shows ithd9 of 23 studies reviewed, fewer than
50% of parents of overweight children recognizerthkild as overweight (Parry, Netuveli,
Parry, & Saxena, 2008). This is a concern becahsephysical, social and emotional
consequences of obesity may be evident in childles@mtimay persist into adult life (Dietz,
1998).

This study extends the existing literature on peleneight perceptions by including
data on Portuguese children, one of the countrids tive highest prevalence of overweight
and obese children in Europe, for the first timar@#ha, Santos, Vale, Silva, et al., 2011),
and by presenting results of the mothers’ percaeptif their child’s weight status by BMI
categories (underweight, normal weight, overwewagse) according to the child’s gender,
the mothers’ age, education level and weight stamaksfamily income.

Childhood obesity may lead to impaired cognitivel aysical development (Lopes,
Stodden, Bianchi, Maia, & Rodrigues, 2012). In fattis relatively well established in
literature a relationship between adiposity and iMd&2pendently of the age group, namely in
pre-school (Castetbon & Andreyeva, 2012) and el¢éangrschool children (Lopes et al.,
2012), and adolescents (Okely et al., 2004), ontkasurements considered, namely product
(D'Hondt et al., 2011) or process-oriented (Castetl Andreyeva, 2012; Okely et al.,
2004), or the nature of the study, namely crossiessal (Graf et al., 2004) or longitudinal
(D'Hondt et al., 2012; Lopes, Maia, et al., 2011).

Although, in literature there is no study that aitmsletermine the ability of different
measures of adiposity to discriminate between lghtMC, others studies have used the
same measures of adiposity to evaluate the refdtipnwith MC that were used in our
investigation, with exception to WHtR. Our studyuifal that, in girls, BF% assessed by
bioelectric impedance was the measure that bestigeed low MC. BF% measurement
techniques have been developed and validated flreh; however, it has rarely been used
in the literature regarding the relationship betwaédiposity and MC. The existing studies
have found significant associations between BF% M@ whether using skin folds (Lopes,
Maia, et al., 2011), bioelectric impedance (J. @i J. A. Hay, B. E. Faught, & R. Hawes,
2005) or whole body air displacement plethysmogya(8ilman et al., 2011) methods. In
boys, we found that WC is the measure that bestligieel low MC. Similarly in a
longitudinal study, Cairney et al., (2010) also rfduassociations between MC and WC.
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Faught et al., (2005) found an association betvpeem MC with increased body fat and low
cardiorespiratory fitness (physical activity wasignificant mediator for both relationships).
These authors concluded that poor MC is relatdddimrs associated with increased risk for
coronary vascular disease, including decreasedocaspiratory fithess and increased body
fat through the mediating influence of physicaiatt in children.

While the relationship between PA and physicalefs with academic achievement
(AA) has been thoroughly explored (Ahamed et 41Q72 Carlson et al., 2008; Castelli et al.,
2007; Chomitz et al., 2009; Coe et al., 2006; Etateal., 2006; Eveland-Sayers et al., 2009;
Fox et al., 2010; Grissom, 2005) (Hillman et aDP&; Kwak et al., 2009; Niederer et al.,
2011; Rasberry et al., 2011; Ruiz et al., 2010gfusdottir et al., 2007; Strong et al., 2005;
Taras, 2005; Trudeau & Shephard, 2008), littld&nieswn about the relation between of gross
MC and AA in elementary school children withouteltgéctual disabilities.

Our results suggest that low MC may be a prediztéow AA. This findings are corroborate
by others cross-section@night & Rizzuto, 1993; Nourbakhsh, 2006; Planirs2002)and
longitudinal (Piek et al., 2008; Son & Meisels, BDBtudies, however, those studies were in
different age group (i.e. pre-scholars) and/or vather cognitive variables. Recently a 9
years longitudinal study, in Swedish children foled from 7-9 years of age until they were
16 years old and left compulsory school, found thaincluding daily physical education and
health in the school curriculum and one hour pegknaf motor skills training in pupils with
specific needs, improvements could be achieved atomskills, school results, and the
proportion of pupils who qualify for upper secongdachool. This study suggested for the
first time that there is not only an associatiomt actually that a population-based
intervention strategy with increased physical atisnd motor skills training could improve
school performance (Ericsson & Karlsson, 2012).

Given the importance of assessment and evaluatitimei education and health fields
and the pressures that educational agents are wodachieve academic success for all
students, indicators of educational achievemenaltiheand functional status may allow
educators and policy makers to make better inforrdedisions (Lloyd et al., 2010).
Therefore, understanding the relationship betweé€hadid AA is important for ensuring the
appropriate assignment of resources as well agmtpeementation of programs to develop
children’s health-related behaviour$his study highlights the necessity of providing
opportunities for children to engage in PA struetlrand unstructured that promote a

diversity of motor skills, since gross MC seemsglay such an important role in AA.
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Schools are excellent settings in which to prowtelents with the opportunity for
daily PA, to teach the importance of regular PA Health, and to build skills that support
active lifestyles. Promoting active lifestyles froanyoung age is widely recognized as
beneficial, and the health benefits of regular P& extensively acknowledged (Andersen et
al., 2006; Strong et al., 2005). The incorporatdiPA into daily life and the achievement of
recommended PA levels for the maintenance of goediltlin are major public health
challenges. Physical education lessons and scleoelsses are ideal settings in which to
develop children’s fundamental movement skills armlease PA and fitness (van Beurden et
al., 2003), while also contributing to one of thenmry missions of schools, i.e. the

promotion of academic performance (Dwyer et alQ190

5.1 Strengths and limitations

This study has some limitations that need to begezed. First, the data has been
derived from a cross-sectional study and thereffesellts do not indicate causality. Second,
accelerometers do not identify PA or sedentaryepast or contexts, and the accelerometers
used in this study do not allow us to distinguisé type of sedentary behaviour (i.e. lying,
sitting or standing still). Third, mothers’ heiglmtd weight were self-reported and it is known
that self-reported weight status underestimatedrthee prevalence of being overweight and
obese, especially in women (Yun, Zhu, Black, & Bnean, 2006). Indeed, 58% of the
mothers in our study were classified as normal fteigrhich is higher than the prevalence
reported for Portuguese women (48.9%) using objelstimeasured weight and height (do
Carmo et al., 2008)-ourth, our sample is not representative of thaugoese population
and therefore our findings are not generalizable.

The strengths of our study comprise:

In paper | - the novelty of the analyses of theoaisdions between SB and M@ie
objective assessment of both total MVPA and to&alestary time (most previous studies
have limited their analysis to self-reported leestime SB and/or PA); and the use of a cut-
point of <100 counts.mihto identify sedentary behaviour, as this cut-ofisvshown to have
an excellent classification accuracy (Trost et2011).

In paper Il - the inclusion of data on Portugudsiédeen, one of the countries with the
highest prevalence of overweight and obese childreeurope, for the first time (Sardinha,
Santos, Vale, Silva, et al., 2011); the insertibmesults of the mothers’ perceptions of their

child’s weight status by BMI categories (underwejghormal weight, overweight/obese)
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according to the child’s gender, the mothers’ aggycation level and weight status and
family income; and the high response rate (83.7%).

In paper Il - the inclusion of potential confoundi factors such as mother’'s
education level (used as a proxy measure of samnmgtic status), which is recognized as
having a powerful and synergistic relationship vatiesity (Ulijaszek, 2012); the presence of
cardiorespiratory fithess as a potential confougdifement, due to its importance of being
simultaneously linked to adiposity and MC (i.e.yersely associated with adiposity and
positively related to MC) (Faught et al., 2005; bspMaia, et al., 2011); and the novelty of
the study, to determine the ability of differentameres of adiposity to discriminate between
low and high MC.

In paper IV - the use of direct indicators of AMamely, scores on standardized
national exams; the inclusion of potential confangdactors such as socioeconomic status,
which is recognized as a major factor in acaderarfopmance (Coe et al., 2006); the use of
cardiorespiratory fitness, because it was suggesiaidthis could mediate the relationship
between PA and AA (Kwak et al., 2009); and the osbody mass index, which has been
documented as inversely related with MC (Graf gt28l04; Okely et al., 2004).
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Conclusions

Adequate levels of MC in children have essentigiantance since it were found to be
positive related with health-related behaviours emghitive outcomes.

In both genders the percentage of time spent inv&8 negatively associated with MC,
independently of MVPA and other confounders. Ouadifigs suggest that PA levgler se
may not overcome the deleterious influence of heyels of SB on MC. Our data stress the
importance of discouraging SB among children tormap MC (paper I).

Many mothers do not properly recognize their cleifds weight status and frequently
underestimate their children’s body size. The tssof this study highlight the need to
educate parents about obesity and the negativecingbeexcess fat accumulation on their
child’s health and well-being (paper ).

BF% and WC showed a slightly better discriminatacguracy in predicting low MC
for girls and for boys, respectively. BMI, WC, BF#&nd WHtR were positively and
significantly associated with MC in both sexes,hwihe exception of WHtR in girls after
adjustments (paper III).

Children of both genders with lower MC had higheds of having low AA, after
adjusting for potential confounding factors. Theealentification of children with poor MC

is crucial to implementing activities that develogalth-related behaviours (paper 1V).

6.1 Future Directions

The importance of an adequate level motor coorainah childhood has recently re-
emerged in literature. Well design cross-sectiostadies should further describe motor
coordination levels and correlates; and exploreasociations with motor coordination and
other variables (genetic and/or environmental) oating to build and strengthen the
existing knowledge on this topic. Relations betwe®stor coordination, adiposity, physical
activity, sedentary behaviour, physical fithess aocddemic achievement should be addressed
with longitudinal and intervention studies to fuethexplore the nature and the direction of

associations.

133






7. References







References

Ahamed, Y., Macdonald, H., Reed, K., Naylor, PLlu;Ambrose, T., & McKay, H. (2007).
School-based physical activity does not compromiskildren's academic
performance. Med Sci Sports Exerc, e, 371-376. doi:
10.1249/01.mss.0000241654.45500.8e 00005768-200062W021 [pii]

Ahnert, J. (2005)Motorische Entwicklung vom Vorschulbis ins frihev&thsenenalter
Wirzburg: Einflussfaktoren und Prognostizierbarkeit

Allender, S., Cowburn, G., & Foster, C. (2006). ©rslanding participation in sport and
physical activity among children and adults: a egwof qualitative studies. [Review].
Health Educ Res, 26), 826-835. doi: 10.1093/her/cyl063

Alloway, T. P. (2007). Working memory, reading, améthematical skills in children with
developmental coordination disord@rExp Child Psychol, 4&), 20-36. doi: S0022-
0965(06)00113-5 [pii] 10.1016/j.jecp.2006.07.002

Alloway, T. P., & Alloway, R. G. (2010). Investigay the predictive roles of working
memory and 1Q in academic attainmedtExp Child Psychol, 1@6), 20-29. doi:
S0022-0965(09)00202-1 [pii] 10.1016/j.jecp.200900B.

Altman, D. G. (1991)Practical statistics for medical researtlondon: Chapman and Hall.

Andersen, L. B., Harro, M., Sardinha, L. B., FraheK., Ekelund, U., Brage, S., &
Anderssen, S. A. (2006). Physical activity and tetexd cardiovascular risk in
children: a cross-sectional study (The European tiyodeart Study).Lancet,
3689532), 299-304. doi: S0140-6736(06)69075-2 [pii] 0.1D16/S0140-
6736(06)69075-2

Anderson, P. (2002). Assessment and DevelopmeriExetutive Function (EF) During
Childhood.Child Neuropsychology,(8), 71-82.

Anderssen, S. A., Cooper, A. R., Riddoch, C., $draj L. B., Harro, M., Brage, S., &
Andersen, L. B. (2007). Low cardiorespiratory fi#geis a strong predictor for
clustering of cardiovascular disease risk factarghildren independent of country,
age and sex. [Research Support, Non-U.S. Gdsif.J Cardiovasc Prev Rehabil,
14(4), 526-531. doi: 10.1097/HIJR.0b013e328011efcl

Andreasen, N. C., O'Leary, D. S., Arndt, S., Ciradl., Hurtig, R., Rezai, K., . . . Hichwa, R.
D. (1995). Short-term and long-term verbal memarpositron emission tomography
study.Proc Natl Acad Sci U S A, @r1), 5111-5115.

APA. (1994).Diagnostic and statistical manual of mental healiborders Washington, DC:
American Psychiatric Association.

APA. (2000). Diagnostic and statistical manual of mental disogdgDSM IV-TR)
Washington, DC, USA: American Psychiatric Associati

Arceneaux, J. M., Hill, S. K., Chamberlin, C. M.,[8ean, R. S. (1997). Developmental and
sex differences in sensory and motor functioniri@gjinjcal Trial]. Int J Neurosci,
89(3-4), 253-263.

Argyle, M., & Kendon, A. (1967). The experimentadadysis of social performance. In L.
Berkowitz (Ed.),Advances in experimental social psychologgw York: Academic
Press.

Armstrong, N., & Welsman, J. (1997Young People and Physical Activi@xford, UK:
Oxford University Press.

Ashwell, M., & Hsieh, S. D. (2005). Six reasons whg waist-to-height ratio is a rapid and
effective global indicator for health risks of oltg@nd how its use could simplify the
international public health message on obesitly.J Food Sci Nutr, 5%&), 303-307.
doi: 10.1080/09637480500195066

Bandura, A. (1986)Social foundations of thought and action: A soaabnitive theory
Englewood Cliffs, NJ: Prentice-Hall.

137



References

Baptista, F., Santos, D. A., Silva, A. M., Mota, Santos, R., Vale, S., . . . Sardinha, L. B.
(2011). Prevalence of the Portuguese Populatioraitty Sufficient Physical
Activity. Med Sci Sports Exerdoi: 10.1249/MSS.0b013e318230e441

Barnett, L. M., Morgan, P. J., Van Beurden, E.,|B&l, & Lubans, D. R. (2011). A reverse
pathway? Actual and perceived skill proficiency aplalysical activity. [Research
Support, Non-U.S. Gov't]. Med Sci Sports Exerc, @&, 898-904. doi:
10.1249/MSS.0b013e3181fdfadd

Barnett, L. M., van Beurden, E., Morgan, P. J.,d L. O., & Beard, J. R. (2009).
Childhood motor skill proficiency as a predictor aflolescent physical activityl
Adolesc  Health, 48), 252-259. doi: S1054-139X(08)00295-4 [pii]
10.1016/j.jadohealth.2008.07.004

Barnett, L. M., van Beurden, E., Morgan, P. J.,d&g L. O., & Beard, J. R. (2010). Gender
differences in motor skill proficiency from childbd to adolescence: a longitudinal
study. [Research Support, Non-U.S. Gowigs Q Exerc Sport, &), 162-170.

Baughcum, A. E., Chamberlin, L. A., Deeks, C. Mgwers, S. W., & Whitaker, R. C.
(2000). Maternal perceptions of overweight presthauldren. Pediatrics, 1066),
1380-1386.

Berk, R. A., & DeGangri, C. A. (1979). Technicalnsiderations in the evaluation of
pediatric motor scaledamerican Journal of Occupational Therapy, 240-244.

Blair, S., Kohl, H. W., 3rd, Paffenbarger, R. $., Clark, D. G., Cooper, K. H., & Gibbons,
L. W. (1989). Physical fithess and all-cause maxtah prospective study of healthy
men and womenlama, 26217), 2395-2401.

Blair, S. N., Kampert, J. B., Kohl, H. W., 3rd, Baw, C. E., Macera, C. A., Paffenbarger, R.
S., Jr., & Gibbons, L. W. (1996). Influences of diarespiratory fithess and other
precursors on cardiovascular disease and all-cenm#ality in men and women.
[Research Support, U.S. Gov't, P.H.3AMA, 27§3), 205-210.

Booth, M. L., Macaskill, P., McLellan, L., Phongsaw P., Okely, T., Patterson, J., & al., e.
(1997). NSW Schools Fitness and Physical Activityn@y 1997. Sydney:
NSWDepartmentofSchoolEducation.

Booth, M. L., Okely, A. D., Denney-Wilson, E., HgdL. L., Yang, B., & Dobbins, T.
(2006). NSW Schools Physical Activityand NutritiSarvey (SPANS) 2004. Sydney:
NSW Department of Health.

Booth, M. L., Okely, T., McLellan, L., Phongsavamn, Macaskill, P., Patterson, J., . . .
Holland, B. (1999). Mastery of fundamental motoillskamong New South Wales
school students: prevalence and sociodemograps$tichdition.J Sci Med Sport, (2),
93-105.

Bouffard, M., Watkinson, E., Thompson, L., Causgr@unn, J., & Romanow, S. (1996). A
test of the activity deficit hypothesis with chigir with movement difficulties.
Adapted Physical Activity Quartely, 181-73.

Bowman, B. T., Burns, M. S., & Donovan, M. S. (2DORager to learn: Educating our
preshoolersWashington, DC: National Academy Press.

Brage, S., Wedderkopp, N., Ekelund, U., Frankd)¥B.Wareham, N. J., Andersen, L. B., &
Froberg, K. (2004). Features of the metabolic symdr are associated with
objectively measured physical activity and fith@s$anish children: the European
Youth Heart Study (EYHSDiabetes Care, 2AB), 2141-2148.

Brambilla, P., Bedogni, G., Moreno, L. A., Goran, M, Gutin, B., Fox, K. R., . . .
Pietrobelli, A. (2006). Crossvalidation of anthropetry against magnetic resonance
imaging for the assessment of visceral and subeatanadipose tissue in children.
[Meta-Analysis Review Validation Studiedht J Obes (Lond), 3@), 23-30. doi:
10.1038/sj.ij0.0803163

138



References

Branta, C., Haubenstricker, J., & Seefeldt, V. @98\ge changes in motor skills during
childhood and adolescendexerc Sport Sci Rev, 1267-520.

Budde, H., Voelcker-Rehage, C., Pietrabyk-Kendaio8., Ribeiro, P., & Tidow, G. (2008).
Acute coordinative exercise improves attentionakfggemance in adolescents.
Neurosci  Lett, 44@®), 219-223. doi: S0304-3940(08)00848-3  [pii]
10.1016/j.neulet.2008.06.024

Burgi, F., Meyer, U., Granacher, U., Schindler,@arques-Vidal, P., Kriemler, S., & Puder,
J. J. (2011). Relationship of physical activity winotor skills, aerobic fitness and
body fat in preschool children: a cross-sectiomal Bngitudinal study (Ballabeina).
[Research Support, Non-U.S. Gov'iht J Obes (Lond), 3%), 937-944. doi:
10.1038/ijo.2011.54

Burton, A. W., & Miller, D. E. (1998)Movement Skill Assessme@hampaign, IL: Human
Kinetics.

Cairney, J., Hay, J., Faught, B., Mandigo, J., &uFis, A. (2005). Developmental
coordination disorder, self-efficacy toward physiaativity and play: Does gender
matter?Adapted Physical Activity Quarterly, 2@7-82.

Cairney, J., Hay, J., Veldhuizen, S., & Faught,(#10). Comparison of VO2 maximum
obtained from 20 m shuttle run and cycle ergomatechildren with and without
developmental coordination disord®es Dev Disabil, 3b), 1332-1339. doi: S0891-
4222(10)00164-2 [pii] 10.1016/j.ridd.2010.07.008

Cairney, J., Hay, J., Veldhuizen, S., Missiuna, @ahlberg, N., & Faught, B. E. (2010).
Trajectories of relative weight and waist circunefeze among children with and
without developmental coordination disordeetMAJ, 18211), 1167-1172. doi:
cmaj.091454 [pii] 10.1503/cmaj.091454

Cairney, J., Hay, J. A., Faught, B. E., Flouris, &.Klentrou, P. (2007). Developmental
coordination disorder and cardiorespiratory fith@sschildren. Pediatr Exerc Sci,
19(1), 20-28.

Cairney, J., Hay, J. A., Faught, B. E., & Hawes,(R05). Developmental coordination
disorder and overweight and obesity in childrende@d 4 y.Int J Obes (Lond), 28),
369-372. doi: 10.1038/sj.ij0.0802893

Cairney, J., Hay, J. A., Faught, B. E., Wade, T.CGorna, L., & Flouris, A. (2005).
Developmental coordination disorder, generalizedf-escacy toward physical
activity, and participation in organized and frdaypactivities. [Research Support,
Non-U.S. Gov't]J Pediatr, 1474), 515-520. doi: 10.1016/j.jpeds.2005.05.013

Cairney, J., Hay, J. A., Veldhuizen, S., Missiu@a, & Faught, B. E. (2010). Developmental
coordination disorder, sex, and activity deficiteoime: a longitudinal analysis of
participation trajectories in children with and mout coordination difficultiesDev
Med Child Neurol, 5@), e67-72. doi: DMCN3520 [pii] 10.1111/}.1469-
8749.2009.03520.x

Cairney, J., Hay, J. A., Wade, T. J., Faught, B.&Flouris, A. (2006). Developmental
coordination disorder and aerobic fitness: islitratheir heads or is measurement still
the problem?Am J Hum Biol, 1), 66-70. doi: 10.1002/ajhb.20470

Cairney, J., Veldhuizen, S., & Szatmari, P. (201dptor coordination and emotional-
behavioral problems in childrenCurr Opin Psychiatry, 2@), 324-329. doi:
10.1097/YCO.0b013e32833aalaa

Campbell, M. W., Williams, J., Hampton, A., & Wakkl. (2006). Maternal concern and
perceptions of overweight in Australian preschagdéchildrenMed J Aust, 184),
274-277. doi: cam10711_fm [pii]

139



References

Cantell, M. H., Smyth, M. M., & Ahonen, T. P. (1994Clumsiness in adolescence:
Educational, motor, and social outcomes of motdayddetected at 5 Year8dapted
Physical Activity Quarterly, 1), 115-129.

Carlson, S. A, Fulton, J. E., Lee, S. M., MayndrdM., Brown, D. R., Kohl, H. W., 3rd, &
Dietz, W. H. (2008). Physical education and acadeathievement in elementary
school: data from the early childhood longitudisaldy.Am J Public Health, 98),
721-727. doi: AJPH.2007.117176 [pii] 10.2105/AJRBD2.117176

Carnell, S., Edwards, C., Croker, H., Boniface, ®Wardle, J. (2005). Parental perceptions
of overweight in 3-5 y oldsint J Obes (Lond), 28), 353-355. doi: 0802889 [pii]
10.1038/sj.ij0.0802889

Caspersen, C. J., Powell, K., & Christenson, G8%)9Physical Activity, Exercise, and
Physical Fitness: Definitions and Distinctions fdealth-related ResearclR.ublic
Health Reports, 10Q), 126-131.

Castelli, D. M., Hillman, C. H., Buck, S. M., & Emy H. E. (2007). Physical fithess and
academic achievement in third- and fifth-grade stislJ Sport Exerc Psychol, £9),
239-252.

Castetbon, K., & Andreyeva, T. (2012). Obesity andtor skills among 4 to 6-year-old
children in the united states: nationally-repreatwe surveysBMC Pediatr, 12 28.
doi: 10.1186/1471-2431-12-28

Chomitz, V. R., Slining, M. M., McGowan, R. J., Mtell, S. E., Dawson, G. F., & Hacker,
K. A. (2009). Is there a relationship between ptgfsifitness and academic
achievement? Positive results from public schoddodn in the northeastern United
States. J Sch Health, 7@), 30-37. doi: JOSH371 [pii] 10.1111/}.1746-
1561.2008.00371.x

Chow, S., Hsu, Y. W., Henderson, S., Barnett, AL& S. K. (2006). The movement ABC:
A Cross-cultural comparison of preschool childreonf Hong Kong Taiwan and
USA. Adapt Phys Act Q, 231-48.

Claessens, A. L., Beunen, G. P., & Malina, R. M)O@). Anthropometry, physique, body
composition, and maturity. In N. Armstrong & W. vMechelen (Eds.)Paediatric
Exercise Science and Medici(mp. 11-22). New York: Oxford University Press.

Clark, J. E. (1994). Motor development. In V. S.nR&handran (Ed.)Encyclopedia of
Human Behavio(pp. 245-255). New York: Academic Press.

Clark, J. E. (2005). From the beginning: A develeptal perspective on movement and
mobility. Quest, 571), 37-45.

Clark, J. E., & Metcalfe, J. M. (2002). The mountaf motor development: A metaphor. . In
J. E. C. J. H. Humphrey (EdMotor development: Research and revidms. 163-
190). Reston, VA: NASPE Publications.

Clark, J. E., & Whitall, J. (1989). What is motawlopment? The lessons of histduest,
41, 183-202.

Clasey, J. L., Bouchard, C., Teates, C. D., RipletE., Thorner, M. O., Hartman, M. L., &
Weltman, A. (1999). The use of anthropometric andal@&nergy X-ray
absorptiometry (DXA) measures to estimate totaloatidal and abdominal visceral
fat in men and women. [Research Support, U.S. GBW.S.].Obes Res, (3), 256-
264.

Cliff, D. P., Okely, A. D., Smith, L. M., & McKeenK. (2009). Relationships between
fundamental movement skills and objectively measyteysical activity in preschool
children.Pediatr Exerc Sci, 48), 436-449.

Coe, D. P., Pivarnik, J. M., Womack, C. J., Reets)., & Malina, R. M. (2006). Effect of
physical education and activity levels on acadeagigsievement in childrerMed Sci

140



References

Sports Exerc, 38), 1515-1519. doi: 10.1249/01.mss.0000227537.3.3b7
00005768-200608000-00022 [pii]

Cole, T. J., Bellizzi, M. C., Flegal, K. M., & Diet W. H. (2000). Establishing a standard
definition for child overweight and obesity world¥e: international surveyBMJ,
320, 1240-1243.

Cole, T. J., Flegal, K. M., Nicholls, D., & Jacksax A. (2007). Body mass index cut offs to
define thinness in children and adolescents: iateynal surveyBMJ, 33%7612),
194. doi: bmj.39238.399444.55 [pii] 10.1136/bmj.3828399444.55

Colley, R., Gorber, S. C., & Tremblay, M. S. (201Quality control and data reduction
procedures for accelerometry-derived measures gbigal activity. Health Rep,
21(1), 63-69.

Colley, R. C., Garriguet, D., Janssen, l., CraigL.C Clarke, J., & Tremblay, M. S. (2011).
Physical activity of Canadian children and youttcederometer results from the 2007
to 2009 Canadian Health Measures Surt#salth Rep, 2@), 15-23.

Courchesne, E., Townsend, J., Akshoomoff, N. A.ito8a O., Yeung-Courchesne, R.,
Lincoln, A. J., . . . Lau, L. (1994). Impairment ghifting attention in autistic and
cerebellar patient®ehav Neurosci, 1{B), 848-865.

Cratty, B. J. (1986)Perceptual and motor development in infants anddom. Englewood
Cliffs, NJ: Prentice Hall.

Cui, Z., Hardy, L. L., Dibley, M. J., & Bauman, A2011). Temporal trends and recent
correlates in sedentary behaviours in Chinese r@mld[Research Support, N.I.H.,
Extramural Research Support, Non-U.S. Golrifl.J Behav Nutr Phys Act, 83. doi:
10.1186/1479-5868-8-93

D'Hondt, E., Deforche, B., Gentier, |., De Bourdeiawij, 1., Vaeyens, R., Philippaerts, R., &
Lenoir, M. (2012). A longitudinal analysis of gragmtor coordination in overweight
and obese children versus normal-weight pedrg. J Obes (Lond) doi:
10.1038/ijo.2012.55

D'Hondt, E., Deforche, B., Vaeyens, R., Vandorpe, \Bandendriessche, J., Pion, J., . . .
Lenoir, M. (2011). Gross motor coordination in tela to weight status and age in 5-
to 12-year-old boys and girls: a cross-sectionat\stint J Pediatr Obes, @-2),
e556-564. doi: 10.3109/17477166.2010.500388

Daniels, S. R., Arnett, D. K., Eckel, R. H., Gidgjr&. S., Hayman, L. L., Kumanyika, S., . . .
Williams, C. L. (2005). Overweight in children ardlolescents: pathophysiology,
consequences, prevention, and treatm&itculation, 11X15), 1999-2012. doi:
111/15/1999 [pii] 10.1161/01.CIR.0000161369.71702.1

Diamond, A. (2000). Close Interrelation of Motoru@eopment and Cognitive Development
and the Cerebellum and Prefrontal Cor€kild Development, {Part 1), 44-56.

Dietz, W. H. (1998). Health consequences of obasityouth: childhood predictors of adult
diseasePediatrics, 1043 Pt 2), 518-525.

Dietz, W. H., & Gortmaker, S. L. (2001). Preventiagesity in children and adolescents.
Annu Rev Public Health, 2337-353.

do Carmo, I., Dos Santos, O., Camolas, J., VidiraCarreira, M., Medina, L., . . . Galvao-
Teles, A. (2008). Overweight and obesity in Portugational prevalence in 2003-
2005.0bes Rev,(@), 11-19. doi: OBR422 [pii] 10.1111/j.1467-789K(17.00422.x

Dwyer, G. M., Baur, L. A., & Hardy, L. L. (2009).hE challenge of understanding and
assessing physical activity in preschool-age céidiThinking beyond the framework
of intensity, duration and frequency of activitiRdsearch Support, Non-U.S. Gov't
Review].J Sci Med Sport, 18), 534-536. doi: 10.1016/j.jsams.2008.10.005

141



References

Dwyer, T., Sallis, J. F., Blizzard, L., Lazarus, B.Dean, K. (2001). Relation of academic
performance to physical activity and fitness inlat@n. Pediatric Exercise Science,
13, 225-237.

Eckstein, K. C., Mikhail, L. M., Ariza, A. J., Thason, J. S., Millard, S. C., & Binns, H. J.
(2006). Parents' perceptions of their child's wegaid healthPediatrics, 1173), 681-
690. doi: 117/3/681 [pii] 10.1542/peds.2005-0910

Education, C. o. P. (2001). Children, Adolesceats] TelevisionPediatrics, 10{2), 423-
426. doi: 10.1542/peds.107.2.423

Education, P. M. o. (2009). family socioeconomiatis$ Retrieved 10-10-2010, from
http://www.min-edu.pt/np3/4127.html

Ehl, T., Roberton, M. A., & Langendorfer, S. J. @8). Does the throwing "gender gap"
occur in Germany? [Comparative Study RandomizediiGlbed Trial]. Res Q Exerc
Sport, 76¢4), 488-493.
Eisenmann, J. C. (2005). Waist circumference pditesnfor 7- to 15-year-old Australian
children.Acta Paediatr, 9@), 1182-1185. doi: 10.1080/08035250510029352
Eisenmann, J. C., Heelan, K. A., & Welk, G. J. @0Assessing body composition among
3- to 8-year-old children: anthropometry, BIA, amiXA. [Comparative Study
Research Support, Non-U.S. Gov'tlObes Res, 120), 1633-1640. doi:
10.1038/0by.2004.203

Ekelund, U., Anderssen, S. A., Froberg, K., Sardjnh B., Andersen, L. B., & Brage, S.
(2007). Independent associations of physical dgtiand cardiorespiratory fitness
with metabolic risk factors in children: the Eurapeyouth heart study. [Multicenter
Study Research Support, Non-U.S. Govidjabetologia, 509), 1832-1840. doi:
10.1007/s00125-007-0762-5

Engel-Yeger, B., Rosenblum, S., & Josman, N. (20Mp)vement Assessment Battery for
Children (M-ABC): establishing construct validitgrflsraeli children. [Comparative
Study Validation Studies]. Res Dev Disabil, 3J1), 87-96. doi:
10.1016/).ridd.2009.08.001

Ennis, C. D. (2011). Physical Education Curriculemorities: Evidence for Education and
Skillfulness.Quest, 635-18.

Epstein, L. H. (1996). Family-based behaviouratinention for obese childreimt J Obes
Relat Metab Disord, 20 Supp] $14-21.

Erickson, I. (2008). Motor skills, attention anchdemic achievements. An intervention study
in school years 1-®British Educational Research Journal,(34, 301-313.

Ericsson, I. (2008). To measure and improve madtdissn practice.Int J Pediatr Obes, 3
Suppl 1 21-27. doi: 790630210 [pii] 10.1080/17477160803%%8

Ericsson, I., & Karlsson, M. K. (2012). Motor skiland school performance in children with
daily physical education in school - a 9-year méetion study.Scand J Med Sci
Sports doi: 10.1111/j.1600-0838.2012.01458.x

Ertl, H. (2006). Educational standards and changindjscourse on education: the reception
and consequences of the PISA study in Germ@mnjord Review of Education, (8,
619-634.

Etnier, J. L., Nowell, P. M., Landers, D. M., & &, B. A. (2006). A meta-regression to
examine the relationship between aerobic fithesk @gnitive performanceBrain
Res Rev, 52), 119-130. doi: S0165-0173(06)00003-8 [pii]
10.1016/j.brainresrev.2006.01.002

Eveland-Sayers, B. M., Farley, R. S., Fuller, D, Morgan, D. W., & Caputo, J. L. (2009).
Physical fitness and academic achievement in el@aneachool childrend Phys Act
Health, 1), 99-104.

142



References

Faught, B. E., Hay, J. A., Cairney, J., & Floums, (2005). Increased risk for coronary
vascular disease in children with developmentalrdioation disorder.J Adolesc
Health, 375), 376-380. doi: 10.1016/j.jadohealth.2004.09.021

Fernandez, J. R., Redden, D. T., Pietrobelli, AAl8son, D. B. (2004). Waist circumference
percentiles in nationally representative samplesA&ifcan-American, European-
American, and Mexican-American children and adaast [Research Support, U.S.
Gov't, P.H.S.]J Pediatr, 14%4), 439-444. doi: 10.1016/j.jpeds.2004.06.044

Fischman, M. G. (2007). Motor Learning and Confolndations of Kinesiology: Defining
the Academic Cor&uest, 5%H7-76.

Fisher, A., Reilly, J. J., Kelly, L. A., Montgomer€., Williamson, A., Paton, J. Y., & Grant,
S. (2005). Fundamental movement skills and habiphgisical activity in young
children. Med Sci Sports Exerc, @%), 684-688. doi: 00005768-200504000-00023
[pii]

Fox, C. K., Barr-Anderson, D., Neumark-Sztainer, & Wall, M. (2010). Physical activity
and sports team participation: associations witddamic outcomes in middle school
and high school students] Sch Health, 8@), 31-37. doi: JOSH454 [pii]
10.1111/j.1746-1561.2009.00454.x

Fransen, J., Pion, J., Vandendriessche, J., Vaaddsp Vaeyens, R., Lenoir, M., &
Philippaerts, R. M. (2012). Differences in physiciiness and gross motor
coordination in boys aged 6-12 years specializmgne versus sampling more than
one sportJ Sports Sci, 3@), 379-386. doi: 10.1080/02640414.2011.642808

Gabbard, C. P. (1996)ifelong Motor DevelopmenDubuque, 1A: Brown & Benchmark.

Gabbard, C. P. (2008Lifelong Motor DevelopmentSan Francisco: Pearson-Benjamin
Cummings.

Gallahue, D. L. (1982Motor Development and Movement Experiences for y @hildren
Sydney: John Wiley and sons, Inc.

Gallahue, D. L., & Ozmun, J. (2008)nderstanding Motor Development: Infants, Children,
Adolescents, Adult8oston: McGraw-Hill.

Gao, J. H., Parsons, L. M., Bower, J. M., Xiong,Ll. J., & Fox, P. T. (1996). Cerebellum
implicated in sensory acquisition and discriminaticather than motor control.
Science, 27(5261), 545-547.

Goran, M. I., Gower, B. A., Nagy, T. R., & Johnséh,K. (1998). Developmental changes in
energy expenditure and physical activity in childreevidence for a decline in
physical activity in girls before pubertiediatrics, 1015), 887-891.

Gordon-Larsen, P., McMurray, R. G., & Popkin, B. {2000). Determinants of adolescent
physical activity and inactivity patternBediatrics, 10%6), E83.

Gordon-Larsen, P., Nelson, M. C., & Popkin, B. M0Q@4). Longitudinal physical activity
and sedentary behavior trends: adolescence tchaddltAm J Prev Med, 44), 277-
283. doi: S0749-3797(04)00183-7 [pii] 10.1016/).pnec2004.07.006

Graf, C., Koch, B., Kretschmann-Kandel, E., Falkkws., Christ, H., Coburger, S., . . .
Dordel, S. (2004). Correlation between BMI, leisinabits and motor abilities in
childhood (CHILT-project).Int J Obes Relat Metab Disord, @3, 22-26. doi:
10.1038/sj.ij0.0802428 0802428 [pii]

Grissom, J. B. (2005). Physical Fitness and Acadefthievement.Pediatric Exercise
Physiology, 81), 11-25.

Haga, M. (2008a). The relationship between physfitaess and motor competence in
children. Child Care Health Dev, 38), 329-334. doi: 10.1111/}.1365-
2214.2008.00814.x

143



References

Haga, M. (2008b). The relationship between physitakess and motor competence in
children.Child: Care, Health and Development, (3% 329-334. doi: 10.1111/j.1365-
2214.2008.00814.x

Haga, M. (2009). Physical fitness in children witigh motor competence is different from
that in children with low motor competence. [ResbBaBupport, Non-U.S. Gov1].
Phys Ther, 8@0), 1089-1097. doi: 10.2522/ptj.20090052

Haibach, P. S., Reid, G., & Collier, D. H. (201Motor Learning And Development
Champaign, IL: Human Kinetics.

Hands, B., & Larkin, D. (1998). Australian testsmbtor proficiency: What do we have and
what do we need?The ACHPER Healthy Lifestyles Journal(4)% 10-16.

Hands, B., & Larkin, D. (2006). Physical fitnesdfetiences in children with and without
motor learning difficultiesEuropean Journal of Special Needs Education, 44I7-
456.

Hands, B., Larkin, D., Parker, H., Straker, L., &8, M. (2009). The relationship among
physical activity, motor competence and healthteelafitness in 14-year-old
adolescents.Scand J Med Sci Sports, (B9 655-663. doi: SMS847 [pii]
10.1111/;.1600-0838.2008.00847.x

Hands, B. P. (2002)How can we best measure fundamental movement ?sktbper
presented at the Australian Council for Health, $itf Education and Recreation
Inc. (ACHPER) 23rd Biennial National/Internation@abnference: Interactive Health
& Physical Education, Launceston, TAS.

Hardy, L. L., King, L., Farrell, L., Macniven, R& Howlett, S. (2010). Fundamental
movement skills among Australian preschool childi@esearch Support, Non-U.S.
Gov't]. J Sci Med Sport, 18), 503-508. doi: 10.1016/j.jsams.2009.05.010

Hay, J., & Missiuna, C. (1998). Motor proficiencyg children reporting low levels of
participation in physical activityCanadian Journal of Occupational Therapy, 63-
71.

Haywood, K. M., & Getchell, N. (2009Life Span Motor DevelopmenChampaign, IL:
Human Kinetics.

Henderson, S. E., & Henderson, L. (2002). Towarduaderstanding of developmental
coordination disordeAdapted Physical Activity Quarterly, @9, 12-31.

Henderson, S. E., & Sugden, D. (1992he Movement Assessment Battery for Children
Kent, United Kingdom: The Psychological Corporation

Hernandez, M. T., Sauerwein, H. C., Jambaque,d.@Dise, E., Lussier, F., Lortie, A., . . .
Lassonde, M. (2002). Deficits in executive funcioand motor coordination in
children with frontal lobe epilepsyNeuropsychologia, 4@), 384-400. doi:
S0028393201001300 [pii]

Hillman, C. H., Erickson, K. I., & Kramer, A. F. (B8). Be smart, exercise your heart:
exercise effects on brain and cognitibtat Rev Neurosci,(®), 58-65. doi: nrn2298
[pii] 10.1038/nrn2298

Hinkley, T., Salmon, J., Okely, A. D., & Trost, &. (2010). Correlates of sedentary
behaviours in preschool children: a revidwt J Behav Nutr Phys Act, B6. doi:
1479-5868-7-66 [pii] 10.1186/1479-5868-7-66

Hojbjerre, L., Sonne, M. P., Alibegovic, A. C., RelF., Vaag, A., Meldgaard, J. B., . . .
Stallknecht, B. (2010). Impact of physical inadiyvon subcutaneous adipose tissue
metabolism in healthy young male offspring of paise with type 2 diabetes.
Diabetes, 5@11), 2790-2798. doi: db10-0320 [pii] 10.2337/dH1ZR0

Hume, C., Okely, A., Bagley, S., Telford, A., BopM., Crawford, D., & Salmon, J. (2008).
Does weight status influence associations betwééddren's fundamental movement

144



References

skills and physical activity? [Randomized Contrdll€rial Research Support, Non-
U.S. Gov't].Res Q Exerc Sport, {®, 158-165.

Hussey, J., Bell, C., Bennett, K., O'Dwyer, J., &r@ley, J. (2007). Relationship between
the intensity of physical activity, inactivity, ahorespiratory fithess and body
composition in 7-10-year-old Dublin children. [Migknter Study]Br J Sports Med,
41(5), 311-316. doi: 10.1136/bjsm.2006.032045

Huttenmoser, M. (1995). Children and their livingrr@undings: Empirical investigations
into the significance of living surroundings foretleveryday life and development of
children.Children’s Environments, 12-17.

Jago, R., Anderson, C. B., Baranowski, T., & Watskin (2005). Adolescent patterns of
physical activity differences by gender, day, amtetof day.Am J Prev Med, 48),
447-452. doi: S0749-3797(05)00065-6 [pii] 10.10H8rjepre.2005.02.007

Janssen, |. (2007). [Guidelines for physical agtiin children and young people]. [Review].
Appl Physiol Nutr Metab, 32 Suppl 26122-135. doi: 10.1139/H07-112

Janz, K. F., Burns, T. L., & Levy, S. M. (2005).atking of activity and sedentary behaviors
in childhood: the lowa Bone Development Studyn J Prev Med, 23), 171-178.
doi: S0749-3797(05)00202-3 [pii] 10.1016/j.amepd®206.001

Jeffery, A. N., Voss, L. D., Metcalf, B. S., Alb&., & Wilkin, T. J. (2005). Parents’
awareness of overweight in themselves and theldrem: cross sectional study within
a cohort (EarlyBird 21)BMJ, 33(7481), 23-24. doi: bm|.38315.451539.F7 [pii]
10.1136/bmj.38315.451539.F7

Kadesjo, B., & Gillberg, C. (1999). Developmentabadination disorder in Swedish 7-year-
old children. [Research Support, Non-U.S. Govi].Am Acad Child Adolesc
Psychiatry, 387), 820-828. doi: 10.1097/00004583-199907000-00011

Kambas, A., Michalopoulou, M., Fatouros, |. G., Gtoforidis, C., Manthou, E.,
Giannakidou, D., . . . Zimmer, R. (2012). The relaship between motor proficiency
and pedometer-determined physical activity in yowhgdren. Pediatr Exerc Sci,
24(1), 34-44.

Kashihara, K., Maruyama, T., Murota, M., & Nakahara (2009). Positive effects of acute
and moderate physical exercise on cognitive functloPhysiol Anthropol, 28),
155-164. doi: JST.JSTAGE/jpa2/28.155 [pii]

Katzmarzyk, P. T. (2004). Waist circumference petibes for Canadian youth 11-18y of
age. [Research Support, Non-U.S. GoE{lir J Clin Nutr, 587), 1011-1015. doi:
10.1038/sj.ejcn.1601924

Keogh, J., & Sugden, D. (198%lovement Skill Developmemew York: Macmillan.

Kiphard, E. J., & Schiling, F. (1974Ko6rperkoordination Test fur Kinder, KTKBeltz Test
Gmbh. Weinheim.

Kipping, R. R., Jago, R., & Lawlor, D. A. (2008)besity in children. Part 2: Prevention and
managemenBMJ, 337 al848.

Klingberg, T., Kawashima, R., & Roland, P. E. (1R9&ctivation of multi-modal cortical
areas underlies short-term memdgyr J Neurosci, (9), 1965-1971.

Knapp, B. (1963)Skill in sport London: Routledge & Kegan Paul.

Knight, D., & Rizzuto, T. (1993). Relations for tiren in grades 2, 3, and 4 between balance
skills and academic achievemeercept Mot Skills, 18 Pt 2), 1296-1298.

Knuth, A. G., & Hallal, P. C. (2009). Temporal tdmnin physical activity: a systematic
review.J Phys Act Health,(6), 548-559.

Kodama, S., Saito, K., Tanaka, S., Maki, M., Yachi, Asumi, M., . . . Sone, H. (2009).
Cardiorespiratory fitness as a quantitative prediodbf all-cause mortality and
cardiovascular events in healthy men and womeneta{analysis. [Meta-Analysis

145



References

Research Support, Non-U.S. Gov't]JAMA, 30119), 2024-2035. doi:
10.1001/jama.2009.681

Kwak, L., Kremers, S. P., Bergman, P., Ruiz, J.mzzo, N. S., & Sjostrom, M. (2009).
Associations between physical activity, fitness] anademic achievemetPediatr,
1556), 914-918 €911. doi: S0022-3476(09)00573-3 fi]1016/j.jpeds.2009.06.019

LaMonte, M. J., & Blair, S. N. (2006). Physical iaty, cardiorespiratory fitness, and
adiposity: contributions to disease rigkurr Opin Clin Nutr Metab Care, (8), 540-
546. doi: 10.1097/01.mc0.0000241662.92642.08 00@72D0609000-00003 [pii]

Lee, S., Bacha, F., Gungor, N., & Arslanian, S.(2006). Waist circumference is an
independent predictor of insulin resistance in bland white youths. [Research
Support, N.I.H., Extramural

Research  Support, Non-U.S. Gov't].J Pediatr, 148), 188-194. doi:
10.1016/j.jpeds.2005.10.001

Lindsay, A. C., Sussner, K. M., Kim, J., & Gortmak&. (2006). The role of parents in
preventing childhood obesitizuture Child, 161), 169-186.

Lingam, R., Hunt, L., Golding, J., Jongmans, M.,EBnond, A. (2009). Prevalence of
developmental coordination disorder using the DSMak 7 years of age: a UK
population-based study. [Research Support, Non-&8v't]. Pediatrics, 12#),
€693-700. doi: 10.1542/peds.2008-1770

Lissner, L., Sohlstrom, A., Sundblom, E., & Sjohefg (2010). Trends in overweight and
obesity in Swedish schoolchildren 1999-2005: hasdpidemic reached a plateau?
[Research Support, Non-U.S. Gov't Reviev@bes Rev, 18), 553-559. doi:
10.1111/}.1467-789X.2009.00696.x

Lloyd, M., Colley, R. C., & Tremblay, M. S. (201®dvancing the debate on "fitness testing'
for children: perhaps we're riding the wrong aninkRediatr Exerc Sci, 42), 176-
182.

Lobstein, T., Baur, L., & Uauy, R. (2004). Obesitychildren and young people: a crisis in
public health.Obes Rev, 5 Suppl #-104. doi: 10.1111/j.1467-789X.2004.00133.x
OBR133 [pii]

Logan, S. W., Robinson, L. E., Wilson, A. E., & lag; W. A. (2011). Getting the
fundamentals of movement: a meta-analysis of tHecwfeness of motor skill
interventions in children. Child Care Health Dev doi: 10.1111/j.1365-
2214.2011.01307.x

Lohman, T, Roche, A, & Martorell, F.(Eds.). (1991)Anthropometric Standardization Reference Manual
Champaign, IL Human Kinetics

Lopes, V., Rodrigues, L., Maia, J. A. R., & Malird, M. (2009). Motor coordination as
predictor of physical activity in childhoodScand J Med Sci Sports, doi:
10.1111/;.1600-0838.2009.0102,72%7. doi: 10.1111/j.1600-0838.2009.01027.x

Lopes, V. P., Maia, J. A., Rodrigues, L. P., & Malj R. M. (2011). Motor coordination,
physical activity and fithess as predictors of libmgjnal change in adiposity during
childhood. [doi: 10.1080/17461391.2011.56636&uropean Journal of Sport
Science1-8. doi: 10.1080/17461391.2011.566368

Lopes, V. P., Rodrigues, L. P., Maia, J. A., & Malj R. M. (2011). Motor coordination as
predictor of physical activity in childhood. [Resela Support, Non-U.S. Gov't].
Scand J Med Sci Sports,(8), 663-669. doi: 10.1111/j.1600-0838.2009.01027.x

Lopes, V. P., Stodden, D. F., Bianchi, M. M., Malh, A., & Rodrigues, L. P. (2011).
Correlation between BMI and motor coordination mldren.J Sci Med Sportdoi:
S1440-2440(11)00123-X [pii] 10.1016/j.jsams.201100%

146



References

Lopes, V. P., Stodden, D. F., Bianchi, M. M., Malh, A., & Rodrigues, L. P. (2012).
Correlation between BMI and motor coordination imldren. [Research Support,
Non-U.S. Gov't]J Sci Med Sport, 1%), 38-43. doi: 10.1016/j.jsams.2011.07.005

Lopes, V. P., Vasques, C. M., Maia, J. A., & Feagld. C. (2007). Habitual physical activity
levels in childhood and adolescence assessed watleaometry] Sports Med Phys
Fitness, 412), 217-222.

Losse, A., Henderson, S. E., Elliman, D., Hall, Rnight, E., & Jongmans, M. (1991).
Clumsiness in children--do they grow out of it? @-ylear follow-up studyDev Med
Child Neurol, 381), 55-68.

Lubans, D. R., Morgan, P. J., Cliff, D. P., Barpdit M., & Okely, A. D. (2010).
Fundamental movement skills in children and ad@etsc review of associated health
benefits.Sports Med, 4@2), 1019-1035. doi: 3 [pii] 10.2165/11536850-000000-
00000

Magarey, A. M., Daniels, L. A., Boulton, T. J., &o€kington, R. A. (2003). Predicting
obesity in early adulthood from childhood and p#akmbesity.Int J Obes Relat
Metab Disord, 2{4), 505-513. doi: 10.1038/s).ij0.0802251 080225 [

Maia, J. A., & Lopes, V. P. (2002). Estudo do Cmesmmto Somatico, Aptiddo Fisica e
Capacidade de Coordenacao Corporal de Crianca$ @actb do Ensino Basico da
Regido Autonoma dos Acores. Porto: Faculdade dec@é do Desporto e de
Educacao Fisica da Universidade do Porto. Dire&ggional de Educacao Fisica e
Desporto da Regido Auténoma dos Acores e DireccégioRal da Ciéncia e
Tecnologia.

Maia, J. A., & Lopes, V. P. (2007Crescimento e Desenvolvimento de Criancas e Jovens
Acorianos. O que Pais, Professores, Pediatras eudignistas Gostariam de Saber
Faculdade de Ciéncias do Desporto e de Educaci@a His Universidade do Porto

Direccdo Regional de Educacédo Fisica e DesportdRelgido Autonoma dos Acores,
Direccao Regional da Ciéncia e Tecnologia.

Malina, R. M. (1996). Tracking of physical activiagnd physical fithess across the lifespan.
Res Q Exerc Sport, 6F Suppl), S48-57.

Malina, R. M. (2001). Physical activity and fithegmthways from childhood to adulthood.
Am J Hum Biol, 1), 162-172.

Martinez-Gomez, D., Ortega, F. B., Ruiz, J. R., efite-Rodriguez, G., Veiga, O. L.,
Widhalm, K., . . . Sjostrom, M. (2011). Excessivedsntary time and low
cardiorespiratory fitness in European adolescetits: HELENA study.Arch Dis
Child, 963), 240-246. doi: adc.2010.187161 [pii] 10.1136/2610.187161

Matthews, C. E., Chen, K. Y., Freedson, P. S., Budki, M. S., Beech, B. M., Pate, R. R,,
& Troiano, R. P. (2008). Amount of time spent irdsetary behaviors in the United
States, 2003-2004.Am J Epidemiol, 167), 875-881. doi: kwm390 [pii]
10.1093/aje/kwm390

Maynard, L. M., Galuska, D. A., Blanck, H. M., & iSela, M. K. (2003). Maternal
perceptions of weight status of childr&ediatrics, 1115 Part 2), 1226-1231.

McCarthy, H. D., Jarrett, K. V., & Crawley, H. F2Q01). The development of waist
circumference percentiles in British children adge@-16.9 y. [Research Support,
Non-U.S. Gov't]Eur J Clin Nutr, 5%10), 902-907. doi: 10.1038/sj.ejcn.1601240

Mcintosh, D., Gibney, L., Quinn, K., & Kundert, [2000). Concurrent validity of the early
screening profiles and the differential ability lesawith an at-risk preschool sample.
Psychology in the Schools,,201-207.

McKenzie, T. L., Sallis, J. F., Broyles, S. L., givM. M., Nader, P. R., Berry, C. C., &
Brennan, J. J. (2002). Childhood movement skilledztors of physical activity in

147



References

Anglo American and Mexican American adolescentsénjfarative Study Research
Support, U.S. Gov't, P.H.SRes Q Exerc Sport, {3, 238-244.

Mesa, J. L., Ruiz, J. R., Ortega, F. B., Warnbédrgonzalez-Lamuno, D., Moreno, L. A,, ..
. Castillo, M. J. (2006). Aerobic physical fitnaasrelation to blood lipids and fasting
glycaemia in adolescents: influence of weight staNutr Metab Cardiovasc Dis,
16(4), 285-293. doi: S0939-4753(06)00066-4 [pii] TAL&/j.numecd.2006.02.003

Miller, E. K., & Cohen, J. D. (2001). An integra¢ivtheory of prefrontal cortex function.
Annu Rev Neurosci, 2467-202. doi: 10.1146/annurev.neuro.24.1.167/28/ [pii]

Missiuna, C., Rivard, L., & Bartlett, D. (2003). fBaidentification and risk management of
children with developmental coordination disordeediatr Phys Ther, %), 32-38.
doi: 10.1097/01.PEP.0000051695.47004.BF

Moreno, L. A., Pineda, |., Rodriguez, G., Fletg, Sarria, A., & Bueno, M. (2002). Waist
circumference for the screening of the metabolicdsgme in children. [Research
Support, Non-U.S. Gov'tActa Paediatr, 9@12), 1307-1312.

Nader, P. R., Bradley, R. H., Houts, R. M., McRi&ghS. L., & O'Brien, M. (2008).
Moderate-to-vigorous physical activity from ages9l5 yearsJAMA, 30@3), 295-
305. doi: 300/3/295 [pii] 10.1001/jama.300.3.295

Nelson, M. C., Neumark-Stzainer, D., Hannan, P.Sikard, J. R., & Story, M. (2006).
Longitudinal and secular trends in physical aggvand sedentary behavior during
adolescence. Pediatrics, 118), e1627-1634. doi: 118/6/e1627 [pii]
10.1542/peds.2006-0926

Newell, K. M. (1986). Constraints on the developimancoordination. In M. G. Wade & H.
T. A. Whiting (Eds.),Motor development in children: Aspects of coordmatand
control (pp. 341-360). Dordrecht, The Netherlands: Magihijhoff.

Niederer, I., Kriemler, S., Gut, J., Hartmann, $chindler, C., Barral, J., & Puder, J. J.
(2011). Relationship of aerobic fitness and mokdlisswith memory and attention in
preschoolers (Ballabeina): a cross-sectional amgjitiedinal study. [Randomized
Controlled Trial Research Support, Non-U.S. Go\BMC Pediatr, 11 34. doi:
10.1186/1471-2431-11-34

Nourbakhsh, P. (2006). Perceptual-Motor Abilitiesd a&heir Relatioships with Academic
Performance of Fifth Grade Pupils in Comparisorhv@seretsky Scal&inesiology,
38(1), 40-48.

Ogden, C. L., Carroll, M. D., Curtin, L. R., Lamid, M., & Flegal, K. M. (2010). Prevalence
of high body mass index in US children and adolets;e2007-2008JAMA, 30383),
242-249. doi: 10.1001/jama.2009.2012

Okely, A. D., & Booth, M. L. (2004). Mastery of fdamental movement skills among
children in New South Wales: prevalence and socmmdgaphic distributionJ Sci
Med Sport, 3), 358-372.

Okely, A. D., Booth, M. L., & Chey, T. (2004). Rélanships between body composition and
fundamental movement skills among children and est@ntsRes Q Exerc Sport,
75(3), 238-247.

Okely, A. D., Booth, M. L., & Patterson, J. W. (2@0. Relationship of cardiorespiratory
endurance to fundamental movement skill proficieacyong adolescent®ediatr
Exerc Sci. , 1@), 380 -391.

Okely, A. D., Booth, M. L., & Patterson, J. W. (A09). Relationship of physical activity to
fundamental movement skills among adolesceltsd Sci Sports Exerc, @Rl),
1899-1904.

Olds, T. S., Tomkinson, G. R., Ferrar, K. E., & MahC. A. (2010). Trends in the prevalence
of childhood overweight and obesity in Australigvibeen 1985 and 2008t J Obes
(Lond), 341), 57-66. doi: 10.1038/ij0.2009.211

148



References

Ortega, F. B., Ruiz, J. R., Castillo, M. J., & Sjom, M. (2008). Physical fitness in
childhood and adolescence: a powerful marker ofttnefResearch Support, Non-
U.S. Gov't Review]Iint J Obes (Lond), 32), 1-11. doi: 10.1038/s).ij0.0803774

Ortega, F. B., Tresaco, B., Ruiz, J. R., MorenoAL.Martin-Matillas, M., Mesa, J. L., . . .
Castillo, M. J. (2007). Cardiorespiratory fithesglasedentary activities are associated
with adiposity in adolescentObesity (Silver Spring), 16), 1589-1599. doi:
15/6/1589 [pii] 10.1038/0by.2007.188

Owen, N., Leslie, E., Salmon, J., & Fotheringham, JM(2000). Environmental determinants
of physical activity and sedentary behaviexerc Sport Sci Rev, 28, 153-158.

Parry, L. L., Netuveli, G., Parry, J., & Saxena,(308). A systematic review of parental
perception of overweight status in childréhAmbul Care Manage, §), 253-268.
doi: 10.1097/01.JAC.0000324671.29272.04 000044 TBQD0O00-00010 [pii]

Pate, R. R., O'Neill, J. R., & Lobelo, F. (2008heTevolving definition of "sedentaryExerc
Sport Sci Rev, %8), 173-178. doi: 10.1097/JES.0b013e3181877d1a036N/ -
200810000-00002 [pii]

Payne, G., & Isaacs, L. (1993 uman motor development: a lifespan approddayfield:
Mountain View (CA).

Payne, G., & Isaacs, L. (1998 uman motor development: A lifespan appro&aiifornia:
Mayfield Publishing Company.

Pereira, S. A., Seabra, A. T., Silva, R. G., Zhu, Beunen, G. P., & Maia, J. A. (2010).
Correlates of health-related physical fithess levef Portuguese childrernt J
Pediatr Obesdoi: 10.3109/17477161003792549

Piek, J. P., Baynam, G. B., & Barrett, N. C. (2008)e relationship between fine and gross
motor ability, self-perceptions and self-worth inildren and adolescentslum Mov
Sci, 231), 65-75. doi: S0167-9457(05)00088-6 [pii] 10.69humov.2005.10.011

Piek, J. P., Dawson, L., Smith, L. M., & Gasson,(R008). The role of early fine and gross
motor development on later motor and cognitiveigbilResearch Support, Non-U.S.
Gov't]. Hum Mov Sci, 2(B), 668-681. doi: 10.1016/j.humov.2007.11.002

Planinsec, J. (2002). Relations between the matdicagnitive dimensions of preschool girls
and boysPercept Mot Skills, 92), 415-423.

Polatajko, H. J., & Cantin, N. (2006). Developmém@ordination disorder (dyspraxia): An
overview of the state of the aBeminars in Pediatric Neurology, 3, 250-258.

Pratorius, B., & Milani, T. L. (2004). Motorische elstungsfahigkeit bei Kindern:
Koordinations- und Gleichgewichtsfahigkeit: Untersung des Leistungsgefélles
zwischen Kindern mit verschiedenen Sozialisatiodsimringen. DEUTSCHE
ZEITSCHRIFT FUR SPORTMEDIZIN, &58), 172-176.

Rasberry, C. N., Lee, S. M., Robin, L., Laris, B, Russell, L. A., Coyle, K. K., & Nihiser,
A. J. (2011). The association between school-bgsggsical activity, including
physical education, and academic performance: fesatic review of the literature.
Prev Med doi: S0091-7435(11)00055-7 [pii] 10.1016/j.ypnii1.01.027

Reed, J. A., Einstein, G., Hahn, E., Hooker, S.&gss, V. P., & Kravitz, J. (2010).
Examining the impact of integrating physical adtivion fluid intelligence and
academic performance in an elementary school getlimpreliminary investigationl
Phys Act Health, (B), 343-351.

Reed, K. E., Warburton, D. E., Lewanczuk, R. Z.yktavsky, M. J., Scott, J. M., Whitney,
C. L., ... McKay, H. A. (2005). Arterial compliea in young children: the role of
aerobic fitnessEur J Cardiovasc Prev Rehabil, (8}, 492-497. doi: 00149831-
200510000-00012 [pii]

Reilly, J. J., & Kelly, J. (2011). Long-term impact overweight and obesity in childhood
and adolescence on morbidity and premature magrtatit adulthood: systematic

149



References

review. [Research Support, Non-U.S. Gov't Revidm].J Obes (Lond), 3%), 891-
898. doi: 10.1038/ij0.2010.222

Riddoch, C. J., Mattocks, C., Deere, K., SaunderKirkby, J., Tilling, K., . . . Ness, A. R.
(2007). Objective measurement of levels and pattefrphysical activityArch Dis
Child, 9211), 963-969. doi: adc.2006.112136 [pii] 10.1186/2006.112136

Riethmuller, A. M., Jones, R., & Okely, A. D. (200%&fficacy of interventions to improve
motor development in young children: a systematiciaw. [Review].Pediatrics,
124(4), e782-792. doi: 10.1542/peds.2009-0333

Rivilis, I., Hay, J., Cairney, J., Klentrou, P.uliJ., & Faught, B. E. (2011). Physical activity
and fitness in children with developmental coortoradisorder: a systematic review.
Res Dev Disabil, 33), 894-910. doi: S0891-4222(11)00018-7 [pii]
10.1016/).ridd.2011.01.017

Rose, B., Larkin, D., & Berger, B. (1994). Percep$ of social support in children of low,
moderate and high levels of coordinatiodsCHPER Healthy Lifestyles Journal,
41(4), 18-21.

Rothney, M. P., Apker, G. A., Song, Y., & Chen,X.(2008). Comparing the performance
of three generations of ActiGraph accelerometéisppl Physiol, 10&!), 1091-1097.
doi: 90641.2008 [pii] 10.1152/japplphysiol.90641080

Ruiz, J. R., Castro-Pinero, J., Artero, E. G., @ate~. B., Sjostrom, M., Suni, J., & Castillo,
M. J. (2009). Predictive validity of health-relatdédhess in youth: a systematic
review. Br J Sports Med, 432), 909-923. doi: bjsm.2008.056499 [pii]
10.1136/bjsm.2008.056499

Ruiz, J. R., & Ortega, F. B. (2009). Physical Attivand Cardiovascular Disease Risk
Factors in Children and Adolescen@urrent Cardiovascular Risk Reports 281-
287.

Ruiz, J. R., Ortega, F. B., Castillo, R., Martin{Mas, M., Kwak, L., Vicente-Rodriguez, G.,
... Moreno, L. A. (2010a). Physical Activity, Réss, Weight Status, and Cognitive
Performance in Adolescents] Pediatt doi: S0022-3476(10)00517-2 [pii]
10.1016/j.jpeds.2010.06.026

Ruiz, J. R., Ortega, F. B., Castillo, R., Martin4Mas, M., Kwak, L., Vicente-Rodriguez, G.,
. . . Moreno, L. A. (2010b). Physical activity,rfé@ss, weight status, and cognitive
performance in adolescentsd. Pediatr, 15¢6), 917-922 e€911-915. doi: S0022-
3476(10)00517-2 [pii] 10.1016/].jpeds.2010.06.026

Ruiz, J. R., Sola, R., Gonzalez-Gross, M., OrtdgaB., Vicente-Rodriguez, G., Garcia-

Fuentes, M., . . . Castillo, M. J. (2007). Cardswalar fitness is negatively associated
with homocysteine levels in female adolesceAtsh Pediatr Adolesc Med, 1¢),
166-171.

Runion, B. P., Roberton, M. A., & Langendorfer,JS(2003). Forceful overarm throwing: a
comparison of two cohorts measured 20 years ap@lnical Trial Comparative
Study Randomized Controlled TriaRes Q Exerc Sport, {@), 324-330.

Salanave, B., Peneau, S., Rolland-Cachera, M. &i¢lddrg, S., & Castetbon, K. (2009).
Stabilization of overweight prevalence in Frenclidrten between 2000 and 2007.
[Research Support, Non-U.S. Gov'tlnt J Pediatr Obes, (2), 66-72. doi:
10.1080/17477160902811207

Sallis, J. F., Prochaska, J. J., & Taylor, W. Q0@. A review of correlates of physical
activity of children and adolescentded Sci Sports Exerc, @), 963-975.

Salmon, J., Ball, K., Crawford, D., Booth, M., Taid, A., Hume, C., . . . Worsley, A. (2005).
Reducing sedentary behaviour and increasing pHya#ity among 10-year-old
children: overview and process evaluation of theit&h-Play' interventionHealth
Promot Int, 2Q1), 7-17. doi: dah502 [pii] 10.1093/heapro/dah502

150



References

Sardinha, L. B., Santos, R., Vale, S., MJ, E. &ipRindo, A. M., Moreira, H., . . . Mota, J.
(2011). Waist circumference percentiles for Poragguchildren and adolescents aged
10 to 18 yeardszur J Pediatr doi: 10.1007/s00431-011-1595-2

Sardinha, L. B., Santos, R., Vale, S., Silva, A, Ferreira, J. P., Raimundo, A. M., . . . Mota,
J. (2010). Prevalence of overweight and obesityraj®ortuguese youth: A study in
a representative sample of 10 to 18-year-old afiidand adolescentkt J Pediatr
Obes doi: 10.3109/17477166.2010.490263

Sardinha, L. B., Santos, R., Vale, S., Silva, A, Ferreira, J. P., Raimundo, A. M., . . . Mota,
J. (2011). Prevalence of overweight and obesityrapnRortuguese youth: a study in a
representative sample of 10-18-year-old childresh @asiolescentdnt J Pediatr Obes,
6(2-2), €124-128. doi: 10.3109/17477166.2010.490263

Savva, S. C., Tornaritis, M., Savva, M. E., Kousd®'., Panagi, A., Silikiotou, N., . . .
Kafatos, A. (2000). Waist circumference and waisheight ratio are better
predictors of cardiovascular disease risk factarghildren than body mass index.
[Comparative Study Research Support, Non-U.S. Gowit J Obes Relat Metab
Disord, 2411), 1453-1458.

Schmidt, R. A. (1991). Motor learning principles fphysical therapy. In C. m. 0. m. c.
problems (Ed.)Proceedings of the Il STEP confererfpp. 49-63). Alexandria, VA:
Foundation for Physical Therapy.

Schmidt, R. A., & Lee, T. D. (2005Motor control and learning: A behavioral emphasis
Champaign, IL: Human Kinetics.

Seefeldt, V. (1980). Developmental motor patterimsplications for elementary school
physical education. In C. Nadeau, W. Holliwell, Kewell & G. Roberts (Eds.),
Psychology of motor behavior and spdpp. 314-323). Champaign, IL: Human
Kinetics.

Serrien, D. J., Ivry, R. B., & Swinnen, S. P. (2pdBynamics of hemispheric specialization
and integration in the context of motor contigat Rev Neurosci,(2), 160-166. doi:
nrn1849 [pii] 10.1038/nrn1849

Shephard, R. J. (1996). Habitual physical actigitg academic performandéutr Rev, 5§

Pt 2), S32-36.

Sigfusdottir, 1. D., Kristjansson, A. L., & Allegnde, J. P. (2007). Health behaviour and
academic achievement in Icelandic school childiéealth Educ Res, Z2), 70-80.
doi: cyl044 [pii] 10.1093/her/cyl044

Silman, A., Cairney, J., Hay, J., Klentrou, P., &ught, B. E. (2011). Role of physical
activity and perceived adequacy on peak aerobic epow children with
developmental coordination disordeHlum Mov Sci, 3(B), 672-681. doi:
10.1016/j.humov.2010.08.005

Skinner, R. A., & Piek, J. P. (2001). Psychosormgllications of poor motor coordination in
children and adolescentdum Mov Sci, 2(-2), 73-94.

Smith, L. B., Thelen, E., Titzer, R., & McLin, D1999). Knowing in the context of acting:
the task dynamics of the A-not-B errésychol Rev, 1(8), 235-260.

Snethen, J. A., Broome, M. E., & Cashin, S. E. @0&ffective weight loss for overweight
children: a meta-analysis of intervention studigfediatr Nurs, 2@1), 45-56. doi:
S0882-5963(05)00232-0 [pii] 10.1016/j.pedn.200906.

Son, S. H., & Meisels, S. J. (2006). The relatigmadf Young Children's Motor Skills to
Later Reading and Math Achievemelterrill-Palmer Quarterly, 524), 755-778.
Sortor, J. M., & Kulp, M. T. (2003). Are the ressilbf the Beery-Buktenica Developmental
Test of Visual-Motor Integration and its subtestiated to achievement test scores?

Optom Vis Sci, §21), 758-763.

151



References

Soto Gonzalez, A., Bellido, D., Buno, M. M., Pede&., De Luis, D., Martinez-Olmos, M.,
& Vidal, O. (2007). Predictors of the metabolic dymme and correlation with
computed axial tomography. [Comparative Studytrition, 231), 36-45. doi:
10.1016/j.nut.2006.08.019

Spray, J. A. (1987). Recent developments in measeme and possible applications to the
measurement of psychomotor behaviResearch Quarterly for Exercise and Sport,
58, 203-209.

Stodden, D., Langendorfer, S., & Roberton, M. A00Q2). The association between motor
skill competence and physical fithess in young &sdBes Q Exerc Sport, &), 223-
229.

Stodden, D. F., Goodway, J. D., Langendorfer, SRdbertson, M. A., Rudisill, M. E., C.,
G., & Garcia, L. E. (2008). A developmental pergpecon the role of motor skill
competence in physical activity: an emergent refetinip.Quest, 60290-306.

Strong, W. B., Malina, R. M., Blimkie, C. J., DalseS. R., Dishman, R. K., Gutin, B., . . .
Trudeau, F. (2005). Evidence based physical agtfeit school-age youthl Pediatr,
1466), 732-737.

Taras, H. (2005). Physical activity and studenfgrarance at schooll Sch Health, 7®),
214-218. doi: JOSH26 [pii] 10.1111/j.1746-1561.200026.x

Taylor, H. L., Buskirk, E., & Henschel, A. (1953)laximal oxygen intake as an objective
measure of cardio-respiratory performantéppl Physiol, 81), 73-80.

Thomas, J. R. (2000). 1999 McCloy C. H. Reseasmtture: children's control, learning, and
performance of motor skills. [Lecturesfesearch Quarterly for Exercise and Sport,
71(1), 1-9.

Thomas, J. R. (2001). Children's control, learnarg] performance of motor skillResearch
Quarterly for Exercise and Sport, ,71-9.

Thomas, J. R. (2006). Motor behavior: From telegrapys and twins to linear slides and
steppingQuest, 581), 112-127.

Tomkinson, G. R., Leger, L. A, Olds, T. S., & Cdap G. (2003). Secular trends in the
performance of children and adolescents (1980-2G@00analysis of 55 studies of the
20m shuttle run test in 11 countri&ports Med, 3@!), 285-300. doi: 3343 [pii]

Tomkinson, G. R., & Olds, T. S. (2007). Secularnges in pediatric aerobic fitness test
performance: the global picture. [Meta-Analysidjed Sport Sci, 5046-66. doi:
10.1159/0000101075

Tremblay, M. S., Esliger, D. W., Tremblay, A., & &y, R. (2007). Incidental movement,
lifestyle-embedded activity and sleep: new fromtiar physical activity assessment.
Can J Public Health, 98 Supp) 3208-217.

Tremblay, M. S., Leblanc, A. G., Janssen, |., KNb,E., Hicks, A., Murumets, K., . . .
Duggan, M. (2011). Canadian sedentary behaviouwteaijuies for children and youth.
[Guideline Research Support, Non-U.S. Gov't Reviedgpl Physiol Nutr Metab,
36(1), 59-64; 65-71. doi: 10.1139/H11-012

Tremblay, M. S., Leblanc, A. G., Kho, M. E., Saurgjd. J., Larouche, R., Colley, R. C., . ..
Gorber, S. C. (2011). Systematic review of sedgrit@haviour and health indicators
in school-aged children and youtht J Behav Nutr Phys Act, 88. doi: 1479-5868-
8-98 [pii] 10.1186/1479-5868-8-98

Tremblay, M. S., Shields, M., Laviolette, M., Craig. L., Janssen, |., & Gorber, S. C.
(2010). Fitness of Canadian children and youthaltegrom the 2007-2009 Canadian
Health Measures Survelealth Rep, 2(1), 7-20.

Troiano, R. P., Berrigan, D., Dodd, K. W., Masse(L, Tilert, T., & McDowell, M. (2008).
Physical activity in the United States measuredabgelerometerMed Sci Sports
Exerc, 4Q1), 181-188. doi: 10.1249/mss.0b013e31815a51b3

152



References

Trost, S. G., Loprinzi, P. D., Moore, R., & PfeiffeK. A. (2010). Comparison of
Accelerometer Cut-points for Predicting Activitytémsity in Youth.Med Sci Sports
Exerc doi: 10.1249/MSS.0b013e318206476€e

Trost, S. G., Loprinzi, P. D., Moore, R., & PfeiffeK. A. (2011). Comparison of
accelerometer cut points for predicting activitiemsity in youth. [Controlled Clinical
Trial

Research Support, N.l.LH., Extramuralled Sci Sports Exerc, @83, 1360-1368. doi:
10.1249/MSS.0b013e318206476€e

Trost, S. G., Pate, R. R., Sallis, J. F., FreedBoig., Taylor, W. C., Dowda, M., & Sirard, J.
(2002). Age and gender differences in objectivelgasured physical activity in
youth.Med Sci Sports Exerc, @), 350-355.

Trudeau, F., & Shephard, R. J. (2008). Physicatation, school physical activity, school
sports and academic performanicg.J Behav Nutr Phys Act, 80. doi: 1479-5868-
5-10 [pii] 10.1186/1479-5868-5-10

Tsiotra, G. D., Flouris, A. D., Koutedakis, Y., fgut, B. E., Nevill, A. M., Lane, A. M., &
Skenteris, N. (2006). A comparison of developmentalordination disorder
prevalence rates in Canadian and Greek childreamfiarative Study]J Adolesc
Health, 391), 125-127. doi: 10.1016/j.jadohealth.2005.07.011

Uhrich, T. A., & Swalm, R. L. (2007). A pilot studyf a possible effect from a motor task on
reading performanc®ercept Mot Skills, 1438 Pt 1), 1035-1041.

Ulijaszek, S. J. (2012). Socio-economic Statusisoof Capital and Obesity. Gastrointest
Cancer doi: 10.1007/s12029-012-9366-5

Ulrich, B. D. (1987). Perceptions of physical cortgmee, motor competence and
participation in organized sport: their interredaships in young childrerRes Q
Exerc Sport, 58), 57- 67.

Ulrich, B. D., & Reeve, T. G. (2005). Studies in tmobehavior: 75 years of research in
motor development, learning, and control. [Histakiérticle]. Res Q Exerc Sport,
76(2 Suppl), S62-70.

Utley, A., & Astill, S. (2008) Motor Contol, Learning and Developmeiew York: Taylor
& Francis Group.

van Beurden, E., Barnett, L. M., Zask, A., Dietrith C., Brooks, L. O., & Beard, J. (2003).
Can we skill and activate children through primaehool physical education lessons?
"Move it Groove it"--a collaborative health promati interventionPrev Med, 3¢),
493-501. doi: S0091743502000440 [pii]

van Beurden, E., Zask, A., Barnett, L. M., & Dietlrj U. C. (2002). Fundamental movement
skills--how do primary school children perform? TMove it Groove it' program in
rural Australia. [Research Support, Non-U.S. Goy'tpci Med Sport,(3), 244-252.

Van Der Horst, K., Paw, M. J., Twisk, J. W., & V&techelen, W. (2007). A brief review on
correlates of physical activity and sedentarinesgauth. [Research Support, Non-
U.S. Gov't Review]. Med Sci Sports Exerc, @, 1241-1250. doi:
10.1249/mss.0b013e318059bf35

van Sluijs, E. M., McMinn, A. M., & Griffin, S. J2007). Effectiveness of interventions to
promote physical activity in children and adolessenystematic review of controlled
trials. BMJ, 33%7622), 703. doi: bmj.39320.843947.BE [pii]
10.1136/bm;j.39320.843947.BE

van Uffelen, J. G., Wong, J., Chau, J. Y., vanRleeg, H. P., Riphagen, I., Gilson, N. D., . .
. Brown, W. J. (2010). Occupational sitting andltieasks: a systematic reviewam
J Prev Med, 3@), 379-388. doi: S0749-3797(10)00412-5 [pii]
10.1016/j.amepre.2010.05.024

153



References

Vandendriessche, J. B., Vaeyens, R., Vandorpel.éhoir, M., Lefevre, J., & Philippaerts,
R. M. (2012). Biological maturation, morphologytniss, and motor coordination as
part of a selection strategy in the search formggonal youth soccer players (age 15-
16 years)J Sports Scidoi: 10.1080/02640414.2011.652654

Vandendriessche, J. B., Vandorpe, B., Coelho-eaSiM. J., Vaeyens, R., Lenoir, M.,
Lefevre, J., & Philippaerts, R. M. (2011). Multivae association among
morphology, fitness, and motor coordination chaastics in boys age 7 to 11.
[Research Support, Non-U.S. GovRRediatr Exerc Sci, 43), 504-520.

Vandendriessche, J. B., Vandorpe, B. F., VaeyendyiRlina, R. M., Lefevre, J., Lenoir, M.,
& Philippaerts, R. M. (2012). Variation in sportrpeipation, fithess and motor
coordination with socioeconomic status among flénakildren.Pediatr Exerc Sci,
24(1), 113-128.

Vandorpe, B., Vandendriessche, J., Lefevre, Jn,Hig Vaeyens, R., Matthys, S., . . . Lenaolr,
M. (2011). The KorperkoordinationsTest fur Kindesference values and suitability
for 6-12-year-old children in FlanderScand J Med Sci Sports, (3), 378-388. doi:
SMS1067 [pii] 10.1111/j.1600-0838.2009.01067.x

Vandorpe, B., Vandendriessche, J. B., VaeyensPign, J., Lefevre, J., Philippaerts, R. M.,
& Lenoir, M. (2012). The value of a non-sport-sfiecimotor test battery in
predicting performance in young female gymnastsesgarch Support, Non-U.S.
Gov't]. J Sports Sci, 38), 497-505. doi: 10.1080/02640414.2012.654399

Vandorpe, B., Vandendriessche, J. B., VaeyensPRn, J., Matthys, S., Lefevre, J., . . .
Lenoir, M. (2012). Relationship between sports ipgration and the level of motor
coordination in childhood: A longitudinal approadournal of Science and Medicine
in Sport doi: 10.1016/j.jsams.2011.09.006

Venetsanou, F., Kambas, A., Aggeloussis, N., Famur, & Taxildaris, K. (2009). Motor
assessment of preschool aged children: A prelimimarestigation of the validity of
the Bruininks-Oseretsky test of motor proficiencghort form. [Validation Studies].
Hum Mov Sci, 28), 543-550. doi: 10.1016/j.humov.2009.03.002

Venetsanou, F., Kambas, A., Ellinoudis, T., Fatsulg Giannakidou, D., & Kourtessis, T.
(2011). Can the movement assessment battery floirehitest be the "gold standard”
for the motor assessment of children with DevelopaeCoordination Disorder?
[Review].Res Dev Disabil, 32), 1-10. doi: 10.1016/j.ridd.2010.09.006

Wake, M., Salmon, L., Waters, E., Wright, M., & Heth, K. (2002). Parent-reported health
status of overweight and obese Australian primahosl children: a cross-sectional
population survey.Int J Obes Relat Metab Disord, @), 717-724. doi:
10.1038/sj.ij0.0801974

Waldron, J. J., & Finn, K. J. (2005). Fundamentaiton skills, perceptions of physical
competence, and perceptions of peer and maternap&mnce in preschool children.
Research Quarterly for Exercise and Spor{1j6A60.

Wang, Y., & Lobstein, T. (2006). Worldwide trenasahildhood overweight and obesitpt
J Pediatr Obes, @), 11-25.

Ward, D. S., Evenson, K. R., Vaughn, A., Rodgers,BA & Troiano, R. P. (2005).
Accelerometer use in physical activity: best p@tiand research recommendations.
Med Sci Sports Exerc, @1 Suppl), S582-588. doi: 00005768-200511001-00011
[pii]

Welk, G. J., & Meredith, M. D. (Eds.). (2008)itnessgram / Activitygram Reference Guide
(3 ed.). Dallas, TX: The Cooper Institute.

West, D. S., Raczynski, J. M., Phillips, M. M., Bac, Z., Heath Gauss, C., & Montgomery,
B. E. (2008). Parental recognition of overweightschool-age childrenObesity
(Silver Spring), 1), 630-636. doi: oby2007108 [pii] 10.1038/oby.Z(D8

154



References

Westendorp, M., Hartman, E., Houwen, S., Smith§& J/jsscher, C. (2011). The relationship
between gross motor skills and academic achievenmermhildren with learning
disabilities.Res Dev Disabil, 3B), 2773-2779. doi: 10.1016/j.ridd.2011.05.032

Whitaker, R. C., Wright, J. A., Pepe, M. S., SeidkelD., & Dietz, W. H. (1997). Predicting
obesity in young adulthood from childhood and ptakwbesity.N Engl J Med,
33713), 869-873.

WHO. (2000). World Health Organization. Obesitye¥¥nting and Managing the Global
Epidemic. Technical Report Series N° 894. In WH@.)EGeneve.

WHO. (2010). Global Recommendations on Physical ivikgt for Health. Geneve,
Switzerland: WHO publications.

Williams, H. G., Pfeiffer, K. A., O'Neill, J. R., @vda, M., Mclver, K. L., Brown, W. H., &
Pate, R. R. (2008). Motor skill performance and gitgl activity in preschool
children. Obesity (Silver Spring), 16), 1421-1426. doi: oby2008214 [pii]
10.1038/0by.2008.214

Wright, C. M., Sherriff, A., Ward, S. C., McColl, B., Reilly, J. J., & Ness, A. R. (2008).
Development of bioelectrical impedance-derived éediof fat and fat-free mass for
assessment of nutritional status in childhogdr J Clin Nutr, 622), 210-217. doi:
1602714 [pii] 10.1038/sj.ejcn.1602714

Wright, H. C., & Sugden, D. A. (1996). A two-stepopedure for the identification of
children with developmental co-ordination disorderSingapore.Dev Med Child
Neurol, 3§12), 1099-1105.

Wrotniak, B. H., Epstein, L. H., Dorn, J. M., Jon&s E., & Kondilis, V. A. (2006). The
relationship between motor proficiency and physaetivity in children.Pediatrics,
1186), e1758-1765. doi: 118/6/e1758 [pii] 10.154248006-0742

Yun, S., Zhu, B. P., Black, W., & Brownson, R. @006). A comparison of national
estimates of obesity prevalence from the behaviasél factor surveillance system
and the National Health and Nutrition Examinatiam&y. Int J Obes (Lond), 3Q),
164-170. doi: 0803125 [pii] 10.1038/sj.ij0.0803125

Zimmer, R., & Cicurs, H. (1993RsychomotorikSchorndorf: Hofmann Verla.

Ziviani, J., Poulsen, A., & Hansen, C. (2009). Mment skills proficiency and physical
activity: a case for Engaging and Coaching for HedEACH)-Child. [Research
Support, Non-U.S. Gov't]Aust Occup Ther J, $8), 259-265. doi: 10.1111/j.1440-
1630.2008.00758.x

155



References

References according American Psychological Assiodiaix edition (APA &)

156



8. Annexes







Paper V
(Published)






1 Universidade do
Minho. Centro de Inves-
tigaciio em Formacio de
Profissionais de Educaciio
da Crianga do Instituto
de Educagiio. Braga,
Portugal.

2 Instituto Politécnico

de Braganga. Centro de
Investigacio em Ciéncias
do Desporto, Ciénciasda
Satide e Desenvolvimento
Humano. Departamento
de Ciéncias do Desporto
e Educaciio Fisica. Bra-
ganca, Portugal.

3 Universidade do Porto.
Centro de Investigagio
em Actividade Fisica,
Satde e Lazer da Facul-
dade de Desporto. Porto,
Portugal. Institute Supe-
rior da Maia (CIDESD).
Maia, Portugal.

Recebido em 16/02/10
Revisado em 25/05/10
Aprovado em 09/07/10

@loxe)

Licenga: Creative Cammeom

Annexes

ARTIGO ORIGINAL DOI: 10.5007/1980-0037.2011v13n1pl5

Associacoes entre actividade fisica, habilidades
e coordenacao motora em criancas portuguesas

Association between physical activity and motor skills
and coordination in Portuguese children
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Resumo — Actualmente, existe na literatura a evidéncia uninime, que a pratica actividade fisica
(AF) repular ébenéficaparaasatde. A variacio na AFnas criangas é resultado de varios factores,
nosquaisse incluem as habilidadesmortoras fundamentais (HMF) e a coordenagiio motora (CM).
Analisar a relagio entre a AF habitual e as HME e a CM em criancgas de ambos os
sexos com idades de 6 e 7 anos. A amostra foi constituida por 21 criangas com uma
idade média de 6,38+0,50. A actividade fisica habitual foi avaliada por acelerometria, as
habilidades motoras fundamentais usando o Test of Gross Motor Development (TGMD-
2) e a coordenaciio motora através do Korperkoordination Test fiir Kinder (KTK).
As criancas deste estudo cumprem as recomendag@es internacionais de AF regular. No
KTK, a maioria das criangas (52,4%j apresentou perturbagdes da CM e insuficiéncias co-
ordenativas, 47,6% valores correspondentes a uma CM normal, nenhum sujeito apresentou
uma CM boaou muiro boa; no TGMD-2, para a avaliagiio locomotara, 76,2% das criangas
situam-se acimado percentil 50 (P50), na avaliacio do controlo de ohjectos, 28,6% atingem
o P50 ou superior, e para o score total do teste, 38,1% alcancam o P50 ou superior. A AF
habitual correlacionou-se positivamente com o TGMD-Z controlo de objectos. Estas criangas
apresentaram resultados baixos, indiciadores de possiveis insuficiéncias do desenvolvimento
coordenativo e de pobre desenvolvimento das HME, pelo que se considera que deviam ser
alvo de uma especial intervenciio, nomeadamente na drea da Educacéo Fisica.
Palavras-chave: Actividade Fisica; Habilidade Motoras Fundamentais; Coordenacio
Motora; Acelerémetros.

Abstract — Nowadays, there is growing evidence in Bterature that Health benefits from regular
thysical activity (PA). The variance in PA among children is caused by o number of factors
including their motor abilities and coordination. The aim of the study was to analyse the
relation between wsual PA and gross motor abilities and moter coordination in children aged
6 to 7 years. The sample comprised 21 children, aged in average 6,38+0,50 years. Physical
activity was accessed by accelerometry, gross mator abilities by using the Test of Gross Mo-
tor Development (TGMD-2) and motor coordination by using the Kérperkoordination Test
fiir Kinder (KTK). Subjects met the international recommendations for daily PA; in motor
coordination 47,6% of children met normal coordination, nobody reach good or very good
coordination, the majority (52,4%) revelled disturbances or insufficiencies of coordination;
in locomotion TGMD.-2 76,2% of the children met percentile 50 or superior (P50}, in object
control TGMD-2 28,6% of the children reack P50 or superior, in total TGMD-2 38,1% of
the children met PS5O or superior. PA was positively correlated with TGMD-2 object control.
Low performance attributed to the children in TGMD-2 and KTK tests could be an indicative of
insufficient in the development of coordination and gross motor abilities; therefore we believe that
this kind of intervention should be targeted at school children mainky in Physical E ducation classes.
Key words: Physical Activity; Gross Motor Abilities; Motor Coerdination; Accelerometers.
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INTRODUCAO

(O processo do desenvolvimento motor revela-se
hasicamente por alteragdes no comportamento
motor ao longo do ciclo de vida, proporcionado
pela interacgiio entre as necessidades da tarefa, a
biclogia do individuo e as condigdes do ambiente!.

Se o movimento serve como janela para o pro-
cesso de desenvolvimento motor, entio, a forma de
o estudar é pelo exame da progressfio sequencial das
hahilidades motoras ao longe de toda a vidal. Por
conseguinte, habilidade representa a colecgio de
Yequipamento” que uma pessoa tem ao seu dispor,
determinando se uma tarefa motora pode ser bem
oumal desempenhada®. A execugio de habilidades
motoras, qualquer que seja o seu nivel, requer um
conjunto variado de aptiddes que podem ser de-
signadas genericamente por coordenacio motora
{CM), existindo, porém, alguma dificuldade na sua
definiciio, dado que o uso de termos como agilidade,
destreza ou controlo motor como seus sinénimos
complicam a sua operacionalizagio’.

De acordo com Newellt, a CM deve ser ana-
lisada no contexto das ac¢ées motoras e ndo dos
movimentos, uma vez que o movimento pode ser
considerado condigdo necessdria mas nfo suficiente
para a acgio, assim sendo, este apenas faz sentido
no dmbito da acgdio motora’, Meinel e Schnabel®
referem que, quando da realizacio de uma acgio
motora, devem ocorrer vérios processos motores,
sensoriais, verbais e de pensamento, sendo parcial-
mente visiveis, pelas caracteristicas externas no
decorrer do movimento. A CM é a harmonizacio
destes processos, tendo em vista a realizagio da
acgio motora. Mesmo os mais simples movimentos
{acgdes) requerem a organizagio de vdrias e inde-
pendentes partes do sistema motor’.

Estudos realizados témese revelado inconsequen-
tesna tentativa de identificar as componentes da CM.
Maia e Lopes’ referem que cada tarefa ou acgiio motora
requer uma combinagio particular de componentes.
Para Kiphard e Schiling’ a CM € a interacgfio har-
moniosa e econdmica do sistema miisculo-esquelético,
do sistema nervoso e do sistema sensorial a fim de
produzir acgoes motoras precisas e equilibradas e
reacgoes tapidas adaptadas A situagio, exigindo: 1)
uma adequada medida de forca que determina ampli-
tude e velocidade do movimento; ii) uma adequada
selecciio dos miisculos que influenciam a condugdo e
orientacdo do movimento; iii) a capacidade dealternar
rapidamente entre tensio e relaxamento musculares,
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Segundo Meinel e Schnabel® a CM pode
ser analisada segundo trés pontos de vista: i)
biomecanico, relativo & ordenaciio dos impulsos
de forga numa acgio motora e a ordenacio de
acontecimentos em relagio a dois ou mais eixos
perpendiculares; ii) fisiol6gico, relacionando as leis
que regulam os processos de contracgio; iii) peda-
gdgico, respeitante A ligacio ordenada das fases de
um movimento ou acgdes parciais e a aprendizagem
de novas habilidades.

(papel do movimento no desenvolvimento das
criangas & por vezes subestimado. Vdrios alertas t¢m
chamado a atengfio para o problema das criancas
de hoje nfio encontrarem oportunidades suficientes
para realizarem AF no dia-a-dia, quer em activida-
des escolares, quer em actividades de participacio
voluntdria, espontineas ou organizadas, de forma
a abter beneficios para a satide®.

De uma forma geral, as actividades das crian-
¢as, como saltar, correr, dangar, andar de bicicleta,
proporcionariam um grande volume de actividade
e uma larga variedade de movimentos® onde a ac-
tividade vigorosa acontece de forma intermitente®,
Mas temese verificado que o nivel de AF durante
o tempo livre tem declinado significativamente,
apresentando-se abaixo das expectativas'.

O ambiente e as condictes de vida actuais tor-
nam diffcil para muitas criangas adquirirem experi-
&ncias motoras, contrariando as suas necessidades
especificas. Mudangas em termos da condiciio de
vida implicam alteractes nas condi¢Ges para o
desenvolvimento. A falta de movimento pode nfo
56 levar a um restringir do corpo e do desenvolvi-
mento motor, como pode influenciar aspectos da
personalidade como a percep¢io, a cognicio, o
discurso, as emogses, e o comportamento social'?,

Vdrios estudos mostram um deteriorar das
habilidades motoras das eriangas nas décadas mais
recentes. Experienciar um grande e variado leque
de movimentos ajuda as criangas niio s6 ac desen-
volvimento da auto-percep¢io, como também a
perceber o ambiente que as rodeia?. Além do mais,
aprendem mais facilmente novos movimentos,
beneficiando-se dos movimentos anteriormente
adquiridos, obtendo mais sucesso nas actividades
realizadas e retirando delas mais prazer®.

A AF comeg¢ana infincia com o erguer, o virar,
o gatinhar, 0 andar e progride para actividades mais
complexas & medida que o controlo neuromuscular
se desenvolve. Os padrdes bésicos de movimentos
desenvolvem-se durante as idades pré-escolares,
servindo de base para um leque variado de AF a
medida que a idade avanga. Com o crescimento, a



maturagio e a experiéncia os movimentos bdsicos
sdo integrados e coordenados em movimentos e
accOes mais especializados e complexos que ca-
racterizam as brincadeiras, os jogos, os desportos e
outras actividades da adolescéncia’.

Em idade escolar, a manuten¢io de niveis
adequados de AF visa, sobretudo, o crescimento e
desenvolvimento sauddvel e normal, para além da
criagiio de habitos de AF que se irfo prelongar ao
longo da vida®®.

De uma forma geral, quando realizados testes,
as criangas activas em relagcio as inactivas (me-
nos activas), apresentam melhores resultades, em
termos motores, de forga e ao nivel da capacidade
cardiovascular®®. Num recente estudo longitudi-
nal em criancas dos 6 aos 10 anos de idade, que
relacionava CM, aptiddo fisica e AF, os autores
encontraram uma relagdo significativa da CM aos
6 anos com a AF aos 10 anos de idade, ou seja, o
resultado encontrade indicou que a CM foi um
importante preditor da AFY,

Na literatura, so escassos os estudos que per-
mitem aferir o grau de desenvolvimento das habili-
dades motoras fundamentais e da CM em criancas.
A AF aferida objectivamente (acelerometria) é um
fendmeno recente e de interesse crescente, apesar
de existirem j4 alguns estudos nesta 4rea, nio co-
nhecemos nenhuma investigacio que relacione a
AF 2 CM e as hahilidades motoras fundamentais
em criangas.

Neste contexto, os objectives deste estudo
foram verificar a relagfo entre a actividade fisica
habitual, o desenvolvimento das habilidades mo-
toras fundamentais e a coordenaciio motora, de
criangas de ambos os sexos, com idades entre os
6 e os | anos.

PROCEDIMENTOS METODOLOGICOS

O trabalho de campo foi realizado numa escola
ptiblica do norte de Portugal na primavera de 2006.

QO protocolo e os procedimentos utilizados
neste estudo respeitaram a Declaracio de Helsin-
quia para a investigacdo em sujeitos humanos e foi
aprovada pela Comissao Cientifica do Instituto de
Educacio da Universidade do Minho. Explicaram-
-se 0s objectivos do estudo, os procedimentos a
adoptar e solicitowse autorizagic para participar no
estudo, ao Director da escola e aos Encarrepados de
Educacio. Foi garantida a participagio voluntéria
das criangas e assegurot-se a confidencialidade dos
dados recolhidos.

Annexes

Amoslra

A amostra foi constituida por 21 alunos de duas
turmas do 1° ano de escolaridade (13 meninas ¢ 8
rapazes), com 6 & 7 anos de idade.

INSTRUMENTOS UTILIZADOS
E VARIAVEIS RECOLHIDAS

Actividade Fisica

A AF foi avaliada por acelerometria, utilizando o
monitor de actividade MTI ActiGraph (Mamufac
turing Technology Incorporated, MTT).

A caracteristica chave do programa é a conver-
sao das contagens por segundo do MT1 ActiGraph
em unidades de dispéndio energético relativo
{METs). As contagens sio convertidas em unidades
de dispéndio energético, utilizando a equagio de
regressio desenvolvida por Freedson et al.'®, para
criangas dos 6 aos 18 anos de idade: METs = 2.757
+ {0.001 5 x counts/min) — (0.0896 % idlade emanos)
— (0.000038 % counts/min x idade) (r = 0,9¢; SEE
= 1,08 METz).

A equacio é utilizada para derivar os valores de
corte do ntimero de contagens a que corresponde
determinado valor de gasto energético em METs,
De acordo com os valores de corte, o programa
calcula para cada crianga os minutos totais de cada
uma das seguintes categorias de actividade fisica:
AFM (359 METs); AFV (6-8.9 METs); AEMtoV (=
9 METs), cujo somatdrio foi desipnado de AFtotal.

Para conseguir um quadro representative da
AF habitual e para uma maior fiabilidade dos re-
sultados, os MTI Actigraphs foram utilizados sete
dias consecutivos. Utilizou-se 1 minuto por epoc.

Habilidades Motoras Fundamentais

As hahilidades motoras fundamentais foram
avaliadas com o Teste de Desenvolvimento das
Hahilidades Motoras Fundamentais {grosseiras)
{Test of Gross Motor Development, Second Edition
—TGMD-2)=,

O TGMD-2 é um teste adequado para a faixa
etéria dos 3 aos 10 anos de idade e consiste numa
avaliagfio normativa das habilidades motoras glo-
bais comuns. O teste encontra-se dividido em dois
tipos de avaliagiio, ou duas sub escalas {(dividido
em doze itens):

1) Avaliacgio locomotora: corrida (run), galope
(gallop), pé-coxinho (hop), pulofsalto (leap),
salto horizontal parado {(herizontal jump), des-
locamento lateral (slide);

Rev Bras Cineantropem Desempenho Hum 2011, 13(1}:15-21 § P
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2) Avaliacdo contralo de objectos: batimento
numa bola estdtica (striking 4 stationary ball),
drible sem deslocamento (statienary dribble),
agarrar (catch), pontapear (kick), lancamento
por cima do ombro (overhand trow), langamen-
to da bola por baixo (underhand roll).

Este teste permite uma avaliagdo separada
para as duas sub escalas {(locomagio e controlo
de objectos), no entanto, ndo permite a avaliago
separada de cada habilidade motora, dado que
elas estdo integradas num modelo estatistico que
valida o teste.

O teste foi aplicado, de acordo com as descri-
¢oes originais, tendo cada crianga realizado trés
repeticdes em cada teste. A pontuagio atribuida
era de um ponto se atingisse o critério e zero se
ndo o atingisse. De acordo com protocolo, foi usada
uma cimara de video para registo. Os resultados
foram analisados por dois observadores previa-
mente treinados, atendendo aos critérios de éxito e
respectivas pontuagdes. Recorreu-se a um terceiro
observador sempre que ndo havia concordincia
para um resultado.

De acordo com o protocolo do teste e usando as
takelas fornecidas pelo autor, a soma dos resultados
obtida para cada avalia¢io (locomotora e controlo
de objectos), atendendo A idade (avaliagio locome-
tora e controlo de objectos) & ao sexo {avaliagéo
controlo de objectos) de cada crianga, foi convertia
num score (resultado), cuja amplitude variade 1 a
20. A soma desses scores (TGMD-2 total) converte-
-se em percentis ou quociente (baseado nas tabelas
fornecidas pelo autor).

Para melhor compreensio dos resultados,
optourse por dividir os resultadas em trés percentis:
habilidade motora baixa, menor que o percentil 50
(<P50); habilidade motora normal, entre o percentil
50 e o percentil 75 (=P50 e < P75) e hahilidade

motora boa, acima do percentil 75 (=P75).

Coordenacao Motora

Para avaliar a CM, foi escolhido o Teste de Coor
denagdo Corporal para Criancas (Korperkoordi-
nation Test fiir Kinder - KTK},

Desenvolvido por Schilling?, o K'TK consiste
numa bateria de testes que, no global, pretende ava-
liar a CM grosseira, e constitui-se por quatro itens: i)
Equilibrio em marcha 2 retaguarda; i) Saltos mono-
pedais; iii) Saltos laterais; iv) Transposiciio lateral.

(2 teste foi realizado, obedecendo as descrigoes
originais. O quociente motor ((QM) obtido a partir

da bateria KTK resulta do somatério do (QM ob-
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tido em cada item. O QM de cada item obtém-se
transformando a pontuagio obtida em cada item
do teste, a partir da consulta das tabelas normativas
respectivas que constam no manual da bateria.
O QM permite classificar as criangas segundo o
sen nivel de desenvolvimento coordenativo: (1)
Perturbagoes da coordenacio (QM inferior a 70);
{2) Insuficiéncia coordenativa (QM =71 e <85); (3)
Coordenacio normal (QM 286 e <115); (4) Coor
denagiio boa (QM =116 e <130) (5) Coordenacio
muito boa (QM =131 e <145),

Medidas antropométricas
O Peso e a altura foram avaliados com a balanca
digital marca Seca modelo 708,

O peso foi registado com o aluno descalco e
vestindo roupas leves, o resultado corresponde 2
média de duas avaliagdes efectuadas. Os resultados
foram expressos em kg com aproximagio a 0,1ke.
Sempre que existia uma diferenga entre os valores,
superior a 0,2 kg, foi efectuada uma nova pesagem.

A altura foi retirada da medida entre o vertex
{ponto acima da cabega, no plano mediano-sagital)
e o plano de referéncia do solo, mantendo aatitude
antropométrica estavel. As medidas foram regista-
das em centimetros com a aproximagfio 2 primeira
casa decimal. Sempre que existia uma diferenca
entre medigtes, superior a 2 mm, era obtida uma
terceira medicfo, através da qual se registava
uma média dos valores verificados. As avaliagoes
foram intercaladas entre peso e altura: 3 primeira
avaliagdo do peso e altura seguiram-se as segundas
avaliagtes de peso e altura.

Procedimentos Estatisticos
Foram avaliadas as distribuicdes das diferentes varid-
veis quanto 2 existéncia de outliers e quanto A norma-
lidade. A varidvel AEMtoV utilizada para o cdleulo
da AF total sofreu uma transformagio logaritmica
uma vez que a sua distribui¢io ndo era normal.
Fez-se uma andlise correlacional bivariada
entre todas as varidveis estudadas, através da Cor
relacio de Pearson.
O programa estatistico utilizado na andlise dos
dados foi o SPSS, versiio 17.0 para o Windows. O
nivel de significincia foi colocado a 5% (p<Q.05).

RESULTADOS

Na Tabela 1, apresentam-se as medidas descritivas
{valores minimos, mdximos, médias ¢ desvios-
-padrido) da amostra total (n=21) para a idade, o
tempo total em AF habitual (AFtotal em minutos
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Tabela 1. Caracteristicas da amostra das variaveis em estudo (valores minimeo, maxime, média e desvic padrdo).

Min. Max. Média = DP
Idade a 7 6,38 + 0,50
AF Total (min/sem) 918 2 659 1 522 + 501,21
KTK (quociente motor} 62 102 84,86 + 12,44
TGMD-2 Av. Locomotora 32 48 41,43 + 3,91
TGMD-2 Av. Controlo Objectos 23 44 32,86 + 6,81
TGMD-2 Total 12 27 19,48 + 344
Tabela 2. Percentagem de criangas por percentis no TGMD-2.
Varidveis < P50 = P50 < P75 = P75
Locomotora 23.8 429 33,3
Controlo dos objectos 71,4 23,8 4.8
Total 619 23,8 14,3

porsemana), ¢ quociente motor (K'TK), a avaliagio
locomotora (TGMD-2), a avaliagdo do controlo
de objectos (TGMD-2) & o conjunto da avaliagio
locomotora e a avaliaciio do controlo de objectos
(TGM-2 total).

Relativamente 2 AFtotal, todos os sujeitos da
amostra cumprem as recomendacdes internacionais
de AL didria para criangas (420 minfsem de AF
moderada a vigorosa).

Ao analisar os dados do K'TK, verifica-se que
apenas 47,6% das criangas apresentam um QM
correspondente a uma CM normal. Salienta-se,
ainda, ¢ facto de nenhum sujeito apresentar uma
coordenaciio boa ou muito boa. A maioria das
criancas (52,4%) apresentou perturbacoes da co-
ordenagio e insuficiéncias coordenativas (figura 1),

Na Tabela 2, apresentam-se os resultados do
TGMD-2, em valores percentuais, para a amostra
total, TGMD-2 avaliacio locomotora e TGMD-2
avaliagio do controlo de objectos, definidos pelos
percentis: menor que o percentil 50 (< P50); entre
o percentil 5C e menor que o percentl 75 (= P50
< P75) e maior ou igual ao percentil 75 (= P75).

No que respeita 2 avaliagiio locomotora do
teste TGMD-2, observa-se que a maioria (76,2%)
das ctiangas se situa acima do percentl 50 (P50)
(Tabela 2).

Na avalia¢do do controlo de objectos do teste
TGMD-2, apenas 28,6% dos sujeitos atingem o P50
ou superior (Tabela 2).

Quando se analisa o TGMD-2 total, constata-
-se que 38,1% das criancas alcancam o P50 ou
superior (Tabela 2).

Para a amostra total, fez-se uma analise corre-
lacional entre a AF total 2 0 KTK e a AF total &
o TGMD-2 {Tahela 3). Verificaram-se correlagdes

Rev Bras Cineantropom Desempenhe Hum 2011, 13(1):15-21

positivas, estatisticamente significativas, entre: a AF
total & o TGMD-2 (avaliagio controlo de objectos).
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Figura 1. Percentagem de criangas por nivel de desempenho
no KTK.
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Tabela 3. Matriz de correlagio de Pearson entre a AF total e o
KTK; a AF total e 6 TGMD-2.

AF total {min/sem)

TGMD-2 Correlagéo 0.201
Locomotora Sig. 0.382
TGMD 2 Correlacao 0.593*
Controle Objectos i, 0.005
TGMD 2 Correlagdo 0.331
Total Sig. 0.143
KTK Correlagéo 0171
{quociente motor) Sig. 0.460

DISCUSSAO
Os objectivos do presente estudo foram analisar a

existéneia de uma relacdo entre a AF habitual as
hahilidades motoras fundamentais e a CM.

9
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Associagbes entre actividade fisica, habilidades e coordenagdo motora

Relativamente 2 AF habitual, todos os sujeitos
da amostra realizam mais de 420 min/sem de AF
moderada a vigorosa, cumprindo as recomendacoes
internacionais de AF didria para criangas necessa-
ria para a manutencio de um bom estado de saride.
O que vai a0 encontro a outros estudos realizados
com criangas portuguesas, nomeadamente, Mota et
al.?2 e Mota etal.®. No entanto, estes resultados sio
contrarios a outras investigagdes, nomeadamente
em Portugal por Maia & Lopes®, em Inglaterra por
Armstrong e Welsman® ¢ nos Estados Unidos da
América pelo CDC¥ em que a generalidade das
criangas nfo cumpre as recomendaces de AF.

No quie se refere as habilidades motoras funda-
mentais, aferidas através do TGMD-2, na avaliagio
Locomotora, apenas 23,8% dos sujeitos se situa
abaixo do P50, Na avaliagfio controlo de objectos,
71,4% situame-se abaixo do P50, no TMGD total,
61,9% das criancas est@o abaixo do P50, Estes resul-
tados sdo inferiores aos encontrados em Bonifacci?®,
onde s6 10,4% das criangas estavam abaixo do P50,
no TGMD total.

Quando comparados os resultados da avaliagio
locomotora e daavaliagio controlo de ohjectos, no
que concerne A percentagem de criangas abaixo do
P50, ohserva-se uma grande disparidade entre eles
{23,8% e 71,4%, respectivamente). Estes dados po-
derfo ser indiciadores de uma falta de experiéncias
com a manipula¢io de ohjectos.

Os resultados do K'TK permitiram verificar que
apenas 47,6% das criangas apresentam uma CM
normal (ninguém apresentou coordenagdo boa
ou muito boa), 0 que significa que na sua maioria
{52,4%) os alunos apresentaram insuficiéncia coor
denativa e perturbacdes da coordenagiio. Quando
comparados com outros estudos que também
utilizam o K'TK, verificamos que os nossos resul-
tados sio inferiores aos encontrados por Lopes et
al?, que apresentavam j4 resultados inferiores aos
de Kiphard e Schilling’ na década de 70 O que
corrobora a ideia e as evidéncias da literatura de
que as criangas vém apresentando cada vez mais
baixos resultados.

Tal como seria de esperar, verificam-se correla-
¢bes sipnificativas entre a AF habitual e 0 TGMD-2
{avaliagfo controlo de objectos). Contrariamente
as nossas expectativas iniciais, ndo se encontraram
correlactes significativas entre a AF habitual e
o KTK, o TGMD-Z (avaliaciic Locomotora), o
TGMD total. Num estudo com 25 criangas com
uma idade média de 12,4 anos, Schrmucker et al.¥
encontraram correlaces significativas entre a AbE
habitual e 0 K'TK e as habilidades motoras bésicas.

20
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Reﬁra‘se, no entanto, que a amostra do nosso estu-
do tem uma idade média inferior a de Schumucker
etal.” e que quer as habilidades motoras, quera AF
foram avaliadas com instrumentos diferentes, daf
que as comparagdes se tornem dificeis. De facto,
serd sempre de esperar que as criangas mais activas
sejam aquelas que apresentem 1im maior reportdrio
motor e, consequentemente, uma melhor CM e um
desempenho mais elevado das habilidades motoras
fundamentais, desde que a qualidade e quantidade
de AF sejam adequadas 3s suas idades e ao seu de-
senvolvimento. Ora, no nosso estudo, parece-nos
que o facto de 62% da nossa amostra estar ahaixo
do P50 no TGMD-Z total e de 52,4% apresentarem
perturbagdes da coordenagdo ou insuficiéncias co-
ordenativas no KTK, poderd ser explicado ndo pela
falta de AF (em termos de quantidade), uma vez que
todas as criangas deste estudo fazem pelo menos
60 min/dia em média de AF, mas provavelmente
pela falta de riqueza (em termos de qualidade dos
estimulos). Importa, contudo, ressalvar a pequena
dimensio da nossa amostra, bem como, o facto de
os aceler6metros nada nos dizer sobre a qualidade
e riqueza dos estimulos da AF.

Este estudo tem como limitacio a pequena
dimensiio da amostra,

CONCLUSAO

As criangas deste estudo cumprem as recomenda-
¢oes internacionais de AF habitual.

No que diz respeito as habilidades motoras
fundamentais e & CM, os sujeitos deste estudo apre-
sentam resultados baixos, indiciadores de possiveis
insuficiéncias do desenvolvimento coordenativo e
de pobre desenvolvimento das habilidades motoras
fundamentais, pelo que se considera que deviam ser
alvo de uma especial intervenciio na area da Educa-
cdo Fisica. Apenas foram encontradas correlagdes
significativas entre a AF hakitual e o TGMD-2
(avalia¢fio controlo de objectos). Neste contexto,
parece ser importante recorrer a materiais de jogo
e estratégias, no sentido de aumentar, adequar e
diversificar a riquera dos estimulos, nomeadamente
nas aulas de EF e nos recreios escolares, garantindo
um desenvolvimento motor integral das criangas.

Em termos de indicagdes para o futuro,
salienta-se a necessidade da realizaciio de mais
estudos, com amostras representativas e de cardcter
longitudinal, cujos resultados sitvam de suporte
para a definigdo de programas de intervengio que
visem o incremento da quantidade e qualidade da
AF na infancia.
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Abstract

This study aimed to analyze the effects of an intervention strategy during the school recess on physical activity (PA)
levels, by gender, age and body mass index (BMI). The sample comprises 158 Portuguese children aged 6 to 12
vears. Weight and height were objectively measured. P4 was assessed by accelevomeltry during the recess in pre-
intervention and post-intervention periods. Introduction of extra outdoor play equipment was used as an
intervention strategy. Significant interaction effects were found for the following areas: percentage of time spent in
PA (F 1 150=70.157;p<0.001), intervention X age group (Fy, ;507= 24.416;p<0.001) and gender X age group
(Fi1150=6.919;p=0.009); the lime spent in Moderate PA for intervention X gender (F 150=15.290,p<0.001) and
BMI X gender (Fy1 150=6.411;p=0.012); the time spent in Vigorous and Very Vigorous P4
(Fi1,150=34.790;p=0.001), iniervention X age group (Fy; 150=9.490; p=0.002), infervention X gender
(Fi1150=14.161;p<0.001) and BMI X gender (F; 150)=3.049;p=0.026). It appears that successful recess
interventions to improve PA for children in elementary scholars are possible by providing relatively inexpensive

play equipment.

Key words: Physical Activity; Accelerometry; School Recess; Children; Intervention.
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Introduction

The health and behavioral benefits of Physical
Activity (PA) in childhood and adolescence are well
known.! Current PA guidelines for children
recommend moderate-to-vigorous physical activity
(MVPA) for at least 60 min a day.’? Although, some
authors suggest 90 min of MVPA a day to prevent
clustering of cardiovascular disease risk factors.*

The increased prevalence of overweight and obesity
among children in developed countries,”” including
Portugal,®® combined with the large proportion of
children that do not accomplish PA recommendations
are important public health concerns. *'®!!

Schools are potential environment to develop and
promote healthy behaviors among children, since
children spent a considerable amount of their waking
hours in school. In the school setting, recess provides
important daily opportunity for children to be
physically active and has additional educational and
developmental benefits, ' including social (e.g.,
sharing, cooperation, communication, problem
solving, conflict resolution, and self-discipline),
emotional (&g, stress relief, self-esteem, character
development), and cognitive (e.g., creativity, problem
solving, and vocabulary) aspects.

Recently, some studies have objectively examined
PA levels, PA patterns, and the effects of
interventions during the school recess. Yet, little is
known about how PA levels are affected by an
intervention, according to children’s weight status.

Literature in school recess shown that boys usually
engage i more PA than girls regardless of the age
and method used to assess PA ! However, Mota et
al * found the opposite; and they also found that PA
during school recess may contribute to the
achievement of the daily PA recommendations in 6%
up to 9% in MVPA.*** One study also found a
significant interaction between BMI category and sex

for the percent of recess time spent in moderate PA
(MPA) and vigorous PA (VPA).®

A limited number of studies have examined
intervention programs for the purpose of promoting
PA during the school recess. Supervision,*
encouragement,*® multicolor playground markings,*®
7 play equipment,'®*® and, increasing time spent in
recess'™* are examples of successful low-cost
interventions for increasing children’s daily PA.
Playground redesign, which utilizes both multicolor
playground markings and changes in the physical

Luis Lopes et. al

structures, is another example of a successful
intervention.”®

In order to build more activity-friendly playgrounds it
1s necessary to know more about the factors that
influence PA in this young age group™ and, at the
same time, to understand how children respond to
different types of interventions.

Purpose of Study

The purpose of this study was to examine the effects
of an intervention during the school recess on PA
levels, by gender, age and body mass index (BMI), in
children. Studies designed to ncrease PA during
recess with Portuguese children are lacking. This
study will help to better understand how PA levels
(objectively measured) during the school recess are
affected by an intervention, according to children’s
weight status. This new study will be able to add to
the literature since most studies have limited their
examination to differences between genders and age
groups only.

Methods

Subjects

For this study, the sample included all children
(n=182) from two elementary schools, with
comparable outdoor playground space (about 400 m*
area without play structures and equipment) and
school schedule (from 8.00 to 13.00 am). Twenty-
tour children were excluded from the analysis due to
sickness or absence in one of the two measurements.
Therefore, the final sample included 158 children (81
from one school and 87 from the other) aged 6 to 12
years old (92 girls and 66 boys). Data was collected
in two consecutive weeks in the spring of 2006,
baseline information in the first week and post
intervention in the second week.

Children were grouped according to their age in two
groups: 6-7 years old; 8 or elder than § years old.

The protocol and procedure employed in this study
followed the Helsinki Declaration for mvestigation in
Human Subjects and was approved by the University
Ethic Committee. Data was kept confidential and
informed written consent was obtained from the
schools principals as well as from the children’s
parents or guardians.

International Electronic Journal of Health Education, 2009; 12:175-184 2
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Instruments

PA was assessed with Actigraph accelerometer (The
Actigraph, LLC., Pensacola, FL, USA, formerly the
Manufacturing Technology Incorporated (MTT)
Actigraph, and the Computer Science Applications
accelerometer). The validity of the Actigraph has
been established with indirect calerimetry™ (r = 0.86)
and doubly labeled water * (r = 0.39 tor = 0.58) as
criterion measures. The Actigraph (5.1 x41x1.5
cm, 43g) measures uni-axial accelerations within the
dynamic range of 0.5 to 2.00 G with a frequency
from 0.25 to 2.75 Hz. Measurements are made 10
times per second and summed over a user-defined
time period (epoch period) for data storage. In this
study the epoch period was set to | minute. Although
shorter sampling interval periods are sometimes used
for estimating activity in young children, 1-min
intervals are widely used in older children. In order to
have a common interval for the entire sample as has
been done in previous studies with this type of
accelerometer a 1-min time sampling interval was
used.” The limitation is a possible underestimation of
vigorous activity in the younger children. The
Actigraph was {irmly attached over the child’s non-
preferred hip with an elastic belt.

Accelerometer count analysis

Accelerometer counts were transferred to a computer
and treated with specific software developed for the
study by the Department of Computer Science of
Polytechnic Institute of Braganga. A key feature of
the software was the conversion of MTI actigraph
counts nto units of relative energy expenditure
({METs). The counts were converted to METs using
the regression equation developed by Freedson et al
 for children 6-to-18 years of age: METs = 2.757 +
{0.0015 x counts/min) — (0.0896 x age[vears]) —

2

{0.000038 x counts/min X age), withr = 0.90 and
SEE = 1.08 METs. The equation was then used to
derive cut-offs for the number of counts that
corresponded to a specific MET. Based on the cut-
offs points, the software calculated for each child the
number and average time (in minutes) of the periods
in each of the following categories of PA intensity:
rest or mild (< 2.9 METs), moderate (3.0-5.9 METs,
MPA), vigorous (6.0-8.9 METs, VPA), and very
vigorous (= 9.0 METs, VVPA).

Body Mass Index
Measurements of weight (to the nearest 0.1 Kg) and

height (to the nearest 0.1 cm) were taken and the
BMI was calculated [(weight (kg)/height (m®)].

Annexes
Luis Lopes et. al

Students were divided into normal weight and
overweight, according to Cole’s cut off points for
BMIL*

Procedure

Children’ PA was evaluated during the school
recesses in two distinct periods: 1) pre-intervention
(first week); 2) post-intervention (second week). In
both periods, each student was measured for 30
minutes (recess period between 10:30 and 11:00 am).
In a normal school day recess did not have play
structures and equipment available.

The intervention consisted of the introduction of
extra outdoor play equipment, in the playground,
such as: balls’, skipping ropes, arches, hood horses
and the floor was painted for playing traditional
games. Equipment was set in the playground during
classes’ time, so it can be available when the recess
period starts. During the intervention children were
allowed to play freely with the equipment. No stimuli
to its utilization or explanations on how to play with
the equipments were given.

Data analysis

To evaluate the effects of the intervention on
children’s PA levels during recess periods, repeated
measures of ANOVA were used, with interactions
between gender, age group, and BMI. The statistic
level of significance was set at p < 0.05. Data were
analyzed using SPSS for Windows (15.0).

Results

Participants” characteristics are presented in Table 1.
Total sample was divided in Boys and Girls, than
were grouped by age, height and weight, and body
mass index. Mean values for age ranged between 6.6
+0.5 and 8.7 £ 0.8 years and for BMI between 16.4 +
3.0and 17.8 + 3.2 keg/m”.

Table 2 shows the pre-intervention and pos-
mtervention results from the percentage of PA and
minutes in MPA and VVVPA, in accordance with
participant’s classification in normal or
overweight/obese.

In pre-intervention, mean values for the percentage of
PA ranged between 51.3 +4.7 (in overweight/obese
girls with 6 and 7 years old) and 84.7+ 2.7 (in
normal weight boys > 8§ years old), for MPA ranged
between 12.7 + 1.9 min (in overweight/obese boys
with 6 and 7 years old) and 16.6 1.5 min (in
overweight/obese boys = 8 vears old), and for
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VVVPA ranged between 2.1 £ 1.9 min (in
overweight/obese girls with 6 and 7 years old) and
13.1 £ 1.1 min (in normal weight boys = 8§ years old).

In post-itervention, mean values for the percentage
of PA ranged between 79.5 £ 1.9 {in normal weight
girls = 8 years old) and 94.3 £ 4.3 (in
overweight/obese boys with 6 and 7 years old), for
MPA ranged between 12.3 &+ 0.9 min (in normal
weight boys = 8 years old) and 16.6 = 1.5 min (in
overweight/obese boys = 8 years old), and for
VVVPA ranged between 5.4 + 2.1 min (in
overweight/obese girls with 6 and 7 years old) and
20.4 + 2 5 min (in overweight/obese boys with 6 and
years old).

Table 3 presents all results from ANOVA analysis of
the effects of the intervention.

Percentage of time in Physical Activity

Significant intervention effects were found for the
percentages of time spent in total PA (F ¢ 150 =
70.157, p<0.001), meaning that, the percentage of
time spent for children’s on PA increased
significantly with intervention. It was found that the
younger group {6 to 7 years old) benefited
significantly more from the intervention (F ¢ 150 =
24 416; p<0.001). Significant interaction between
gender and age group were found (F (1 1509) = 6.919,
p=0.009), suggesting that the percentages of time
spent in PA increased significantly more in the
younger group of girls. No significant intervention
effects were found for the percentages of time spent
PA regarding BMI.

Time in Moderate Physical Activity (MPA)

No significant intervention effects were found for the
time spent in MPA. Significant interaction effects for
gender and intervention were found for the time spent
in MPA (F 1,150y = 15.290; p<0.001). The time spent
in MPA increased in girls and decreased in boys.
Significant interaction between BMI and gender were
tound (F (1, 150y = 6.411; p=0.012), suggesting that the
time spent in MPA increased significantly more in
the overweight/obese group of girls.

Time in YVigorous and Very Vigorous Physical
Activity (VVVPA)

The time spent in VVVPA increased significantly
with intervention (F 1, 159y = 54.790; p=0.001).
Younger children (6 to 7 years old) benefited
significantly more from intervention (F ¢ 1505 =
9.490; p=0.002) than the older cnes (> 8 years old).
Boys benefited significantly more than girls (F . 130
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= 14.161; p<0.001) with intervention.
Overweight/obese boys increased significantly more
the amount of time spent in VVVPA (F ¢ 15 =
5.049; p=0.026) than the normal weight boys.

Discussion

The purpose of the present study was to examine the
intervention effects of providing play equipment
during school recess on children’s PA levels.

Results of the study indicated that providing play
equipment during school recess was effective in
increasing children’s PA level. This result was in
agreement with others studies."*® The effects of the
intervention showed a significant increase in the
percentage of time spent in PA, regardless of gender,
age group and BMI status. This result also supported
previous findings that 50% time in MVPA during the
school recess is a reachable target '*%%* However,
other studies indicated different results ** %%

Consistent with previous intervention school recess
studies '%19-26:283% o gyerage boys in the current
study spent higher percentage of time in PA (pre-
mntervention 81.97% + 12.59 and pos-intervention
91.61% = 7.89) than girls (73.47% + 17.91 pre and
82.79% = 13.94 pos-intervention). Although, the
younger group of girls was the one who benefited
more {rom the intervention, both genders have
benefited from the play equipment. This was
indicated by both boys and girls significantly
increased the percentages of time spent in total PA.
This is a positive and significant finding from a
public health perspective, since girls systematically
exhibit lower PA levels than boys, and that such
trend tends to track into adolescence and adulthood *

No significant effects were found for the time spent
in MPA. With intervention MPA decreased in boys
and increased in girls. However, the overall
percentage of time in PA increased in boys and in
girls. This may suggest that boys increased their time
spent in VPA and VVPA to help increase the overall
time spend in PA. This is further explained by
significant gender differences of time spent on MPA
and VVVPA. It can be speculated that if this effect
became a long time trend, it might translate into
cardiovascular and energy expenditure benefits*’
Nevertheless, previous school recess intervention
studies found the opposite results, where boys
engaged in more MPA than girls. Future studies are
needed to further examine this effect.

Regarding age group differences, the results showed
that younger girls and boys benefited more from the
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intervention. This result was in consistent with
Ridgers et al *® findings. They found significant
intervention effect related to MVPA was stronger for
the younger group compared to the older elementary
school children'® Although Stratton and Mullan
found the opposite. These contradictory results may
be due to the type of intervention. In the present
study the play equipment used was probably more
appropriated for the younger students.

The intervention also had a significant improvement
in PA levels of obese/overweight children.
Overweight/obese girls increased significantly more
in MPA and overweight/obese boys significantly in
VVVPA than normal weight children. Despite of
these results, it seems that BMI had low impact on
the results overall. This may suggest that play
equipment used in this intervention may attract all
children, but that BMI in early ages is not yet a
predictor for PA. This interesting finding led us to
speculate that early age PA interventions may have
similar results for both overweight/obese and normal
weight children. Probably, the extra weight in
children at these ages does not affect motor skills and
fitness levels necessary to play with equipment that
was provided, but it may happen later in life.”"*

Future studies should consider evaluate large samples
and assess other variables including motor skills and
fitness levels in order to better understand i1t's
association with children's PA. Future intervention
may also include a control group.

Conclusions and Recommendations

There are some limitations in this study. We only
measured once during pre-intervention and one post-
intervention, and we do not know if the increase of
PA observed was affected by the novelty effect of the
intervention. [t was not clear if the effects will remain
the same with longer time period. Also, we did not
include a control group. Nevertheless, the PA was
measured objectively and the play equipment chosen
was attractive and relatively inexpensive. Due to
small sample size, generalizations cannot be
assumed. Further studies with larger Portuguese
samples are needed in order to confirm or refute these
findings.
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Table 2. Pre-intervention and Post-intervention Physical Activity values (mean + SD).

Luis Lopes et. al

Girls Boys
(n=92) (n= 66)
(6 and 7 years old) (8 = years old) (6 and 7 vears old) (8.2 yenrs uld)
(n=40) (n=52) (n=26) (n= 40)
Pre- Post- Pre- Post- Pre- Post- Pre- Post-
ntervention ntervention intervention mtervention mtervention intervention intervention ntervention
Percentage in Physical Ao iy 89421 76.242.4 79.5+1.9 79,543 .4 93.242.6 84.742.7 90.6+3.1
Activity (%) ;
Overweightiobese  51.3+4.7 79743 6 80.943 8 80.4+3.0 8045.6 94,344 3 80.3%4.5 90435
Moderate Physical Yiennz 13.940.9 12.941.1 13.6£0.8 12.840.9 126412 10,1413 12.3£0.9 10£1.1
Activity
(min) CERSIEIORE g 18,5418 13,1413 15415 12.751.9 7922 16541 5 13.1£1.7
Vigorous to Very Fintoal 8241 1 158412 9.340.9 11+1.1 109413 17.8415 i T 17.1£12
Vigorous Physical
Activity .
oo Cysiweighiiooese  gyaw 54491 11,1422 91417 11,3422 204425 75117 13.941.9
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Table 3. Effects of the intervention - ANOVA

Percentages of Time in MPA(b) Time in VVVPA(c)

time in PA(a)

: F (gl p F gl p E (el p
Intervention 70157 <0.001%* 2934 0.089 34790 <0.001%*
Intervention X Age group 24416 <0001%  0.069 0.792 9.490 0.002%*
Intervention x Gender 0.074 0.786 15290 <0.001%* 14161  <0.001**
Intervention x BMI(d) 1.643 0.202 1.337 0.249 0.089 0.765
Gender x Age group 6.919 0.009% 1.019 0.314 0.582 0.447

Intervention x Age Group x BMI(d) 1.616 0.206 0.334 0.564 0.077 0.782

Intervention x Gender x BMI(d) 0.208 0.649 6.411 0.012% 5.049 0.026%*

Intervention x Age Group x Gender x S
BMI(d) 3.509 0.063 0.856 0.356 0.112 0.738

Notes: (a) — Physical Activity; (b) — Moderate Physical Activity; (¢) - Vigorous to Very Vigorous Physical
Activity; (d) — Body Mass Index.

* indicates .05 and ** indicates .01 level of significance.
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