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Abstract

Objective. The purpose of this study was to investigate differences in gross motor coordination in healthy-weight, overweight,
and obese children of different ages. Methods. Using a cross-sectional design, data were collected in 954 Flemish primary
school children (500 girls, 454 boys) stratified in consecutive age groups (57 years, 8-9 years, 10—12 years). Weight status
(healthy-weight, overweight, obese) was defined according to the International Obesity Task Force body mass index (BMI)
cut-off points for children. Gross motor coordination was assessed by means of the Korperkoordinationstest fiir Kinder (KTK).
Results. Childhood overweight and particularly obesity were found to result in poorer KTK performances (p < 0.001), with
the most apparent effect of BMI on items requiring physical properties next to dynamic body coordination. Expressed as
an age-related Motor Quotient (MQ), overall KTK performance was featured by a BMI x AGE interaction (p < 0.01).
Healthy-weight children displayed similar MQs across age groups (p = 0.999). Overweight and obese children in
the 10-12-year-old group showed significantly poorer motor coordination performance compared with the corresponding
5-T-year-old group (p < 0.01). 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. Conclusion.
Results indicate that BMI-related differences in gross motor coordination were more pronounced as children belonged to
an older age group. Although this outcome needs to be confirmed in future longitudinal research, it emphasizes the need
of an early focus on motor skill improvement to encourage overweight and obese children to be physically active.
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Introduction exponentially increasing prevalence of childhood

Motor skill competence is an important determinant
of children’s general development (1-3). It is a pre-
requisite for everyday activities as well as an essential
aspect underlying engagement in physical activities
(4-T7). Accordingly, children with movement difficul-
ties are less likely to participate in movement situa-
tions (sports, physical activities, recess play, etc.) and
spend a greater percentage of their time in sedentary
activities, which may further impair motor skill devel-
opment, social interaction, and health-related oppor-
tunities (8—11). This reciprocal relationship between
motor competence, or lack thereof, and physical
inactivity is very important, especially in children
who are overweight or obese (9,12). Considering the

overweight and obesity across the world (13-15),
along with the negative associations between habitual
physical activities and body composition (16-19),
great attention should be paid to motor competence
and coordination level in children with an excessive
body mass index (BMI).

Some previous studies have demonstrated an
inverse relationship between increased body mass
indices and gross motor coordination performance
in children and young adolescents (20-26). Even at
pre-school age, higher prevalence levels of impair-
ment in gross motor skill have been established
among obese versus non-obese children (27).
Nevertheless, limited research has been done on the
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extent to which overweight and obesity are con-
straints to movement at different ages during child-
hood (20,25). Hence, it is not yet evident whether
the reported deficiencies in overweight and obese
children differ across developmental time. In addi-
tion, the available studies often lack the ability to
discriminate between lower motor competence in
children who are overweight and those who are obese.
However, it is important to understand the impact
of excess body mass on children’s motor function
according to the degree of overweight as the exis-
tence of a certain cut-off from which movement dif-
ficulties may appear has been recently suggested
(28). Indicators of maturity are also rarely taken into
account, even though children with increased BMI
levels show advanced maturation (29-32). Given that
maturational timing appears to be related to muscu-
lar strength and motor performance (33-35), some
children may be (dis)advantaged in the performance
of motor skill compared with peers depending on
their maturity status and concomitant differences in
body size (25,36).

Although there is a growing body of evidence, the
relationship between motor skill and body composi-
tion in children has not yet been explored in depth.
Therefore, the purpose of this cross-sectional study
was to investigate differences in gross motor coordi-
nation in healthy-weight, overweight, and obese boys
and girls across different age groups, taking into
account maturity status as a potentially confounding
characteristic. It was hypothesized that, even when
adjusted for maturity dissimilarities, overweight and
obese participants would display poorer perfor-
mances compared with their healthy-weight peers. In
addition, more pronounced differences were expected
in the older children because of the continuous
interrelationship between childhood overweight and
obesity, physical (in)activity, and motor (in)compe-
tence. Furthermore, it was hypothesized that over-
weight children would outperform children in the
obese group, given the different degree of excess
body mass.

Methods
Participants

A large-scale project (the Flemish Sports Compass)
was set up to investigate motor and physical abilities
of Flemish children. To obtain a representative sam-
ple, a total of 30 primary schools for general educa-
tion were randomly selected across the Flemish and
Brussels-Capital region. Within the total group of
2932 participating children, 477 individuals were
identified as being overweight or obese, based on
international BMI cut-off points for children (37),

Moror coordination in relation to BMI and age €557

and included in the present study. Randomly chosen
classmates with the same gender and age (within the
range of six months) represented the healthy-weight
group, resulting in a final study sample comprising
data of 954 primary school children aged 5-12 years
(500 girls, 454 boys), stratified in three consecutive
age groups (5-7 years, 8-9 years, 10—12 years). For
all participants written informed consent was
obtained from the parents or guardian. The study
protocol was approved by the Ethics Committee of
the Ghent University Hospital.

Measurements

Assessments were conducted by a group of trained
examiners in the participating schools between
September 2007 and February 2008. During the
tests, all children wore light sportswear and were
barefoot. First, anthropometric measurements were
collected. Subsequently, participants accomplished
the Body Coordination Test for Children (Koérperk-
oordinationstest fiir Kinder [KTK]) to assess gross
motor coordination (38,39).

Anthropometry

Date of examination and date of birth were used to
obtain the exact chronological age of each child at
the time of assessment (40). As an indicator of
somatic maturity, age at peak height velocity (APHV)
was predicted by means of a gender-specific regres-
sion equation since the number of years from peak
height velocity can be estimated from chronological
age and measurements of height, sitting height, and
weight (41,42).

Height and sitting height were measured with
0.1 cm accuracy using portable stadiometers
(Harpenden, Holtain Ltd., Crymych, UK). Body
weight was determined to the nearest 0.1 kg by
means of a digital balance scale (Tanita, BC-420
SMA, Weda B.V., Naarden, Holland). BMI was cal-
culated from height and weight measures (kg/m?).
Overweight and obesity were defined by the age- and
gender-specific BMI cut-off points for children of the
International Obesity Task Force (IOTF). According
to this definition of Cole and co-workers (37), par-
ticipants were classified into a healthy-weight group
(n = 477, 50.0%), an overweight group (n = 360,
37.7%), and an obese group (n = 117, 12.3%).

Gross motor coordination

Dynamic body coordination was evaluated by means
of the KTK, a standardized product-oriented test,
developed and recently revised by Kiphard and
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Schilling (38,39). The KTK is a highly reliable and
valid instrument and, therefore, frequently used to
asses gross motor performance in children (38,39,43).
The test is suitable for all children between 5 and 15
years of age. Given its focus on gross motor and
dynamic balance skills, the KTK was also designed
to identify children with motor problems in that
area.

In this study, the KTK was administered and
scored according to the manual guidelines. The test
protocol consists of four test items, all involving the
whole body to be well coordinated: (1) walking back-
wards along balance beams of decreasing width: 6.0 cm,
4.5 cm, and 3.0 cm (KTKgp )5 (2) one-legged hop-
ping over a foam obstacle with increasing height in
consecutive steps of 5 cm (KTKy,p); (3) moving
sideways on wooden boards during 20 seconds
(KTKgparp); and (4) two-legged jumping from side
to side during 15 seconds (KTK]UMP). Using norma-
tive data tables, based on the performance of a
German standardization sample, the raw perfor-
mance score of each test item can be converted into
a standardized Motor Quotient (MQ) adjusted for
age (all items) and gender (KTK,, and KTKIUMP).
Adding together all four item MQs results in a total
KTK MQ that can be converted into a percentile
score and allows classification in five gross motor
coordination levels (Table I). A child with an overall
performance equal or below the 15™ percentile faces
gross motor coordination problems and is in need of
special attention (38,39).

Statistical methods

Data were analyzed using SPSS version 16.0 for
Windows (SPSS Inc., Chicago, IL,, USA). Significance
level was set at p < 0.05. Descriptive statistics were
calculated for both anthropometric and motor coor-
dination variables, including the raw performance

Table I. Classification of gross motor coordination level based on
total Motor Quotient (MQ) of the Korperkoordinationstest fir
Kinder (KTK), according to the revised and supplemented edition
of the KTK manual [45].

Total Gross motor
KTK MQ Percentile rank coordination level
=70 <3 percentile Severe gross motor
impairment
71-85 3rd _ 15t percentile Moderate gross
motor impairment
86-115 16™ — 84™ percentile Normal gross motor
coordination
116-130 85th — 98 percentile Good gross motor
coordination
131-145 99th _ 100%™ percentile High gross motor
coordination

scores on all four KTK test item as well as total KTK
MQ. Results are presented as means * standard
deviations (SDs). To explore the impact of gender,
weight status (healthy-weight, overweight, obese),
and age (5—7 years, 8-9 years, 10—12 years) on motor
performance, data were implemented in 2 X 3 X 3
ANCOVAs with APHV included as a covariate to
control for maturity dissimilarities. Three-way inter-
actions were further analyzed by means of two-way
ANCOVAs split by gender. In case of significant
two-way interactions, analyses were digressed to
single-factor ANCOVAs with the combination of
both interacting factors as new groups (F-value
obtained = FrpracTion)- Significant group differ-
ences were further evaluated using post-hoc tests
with Bonferroni correction for multiple comparisons.
Finally, Pearson Chi-square values were calculated
to investigate the relationship between weight status
and motor impairment, using the 15™ percentile as
a cut-off point for total KTK performance.

Results

Descriptive statistics of the anthropometric charac-
teristics are presented in Table II. Table IIT provides
descriptive statistics of all four KTK test items (raw
performance scores) and total KTK MQ. In all anal-
yses, APHV was found to be a significant covariate
(p-values < 0.05). Hence, three-factor ANCOVAs
were executed from which F-values are displayed in
Table IV.

BMI-related differences in gross motor coordina-
tion mainly varied according to age group (BMI X
AGE interaction). A single-factor analysis for KTK-
sEam FintERACTION = 27-10, p < 0.001) revealed
no balance performance differences between healthy-
weight, overweight, and obese children aged 5-7 years
(p-values > 0.05). However, at the ages of 8-9 years
and 10-12 years, healthy-weight participants outper-
formed both other BMI groups (p-values < 0.001),
while overweight children recorded better balance per-
formances compared with the obese group (p-values
< 0.05). Although the older obese participants (aged
8-9 years or 10-12 years) obtained higher balance
performance compared with 5-7-year-old children in
absolute figures, these differences were not statisti-
cally significant (p-values > 0.05). So, no significant
age-related progression in balance performance was
found in the obese group (p-values > 0.05). For
KTKyop FrnrErRaCTION = 01.69, P < 0.001), the
5-T-year-old healthy-weight and overweight children
achieved comparable scores (p = 0.999), both out-
performing the 5-7-year-old obese children (p-values
< 0.001). In the older age groups (8-9 years and
10-12 years), healthy-weight children hopped higher
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Table II. Descriptive statistics (mean * standard deviation) for healthy-weight (HW), overweight (OW), and obese (OB) boys and girls
stratified by age.

Boys Girls
n = 454 n = 500
Anthropometric HW ow OB HW ow OB
Age group  characteristics n = 227 n=172 n =55 n = 250 n = 188 n =62
5-7 years Height (cm) 123.2 £ 5.0 126.4 = 6.6 128.9 = 6.9 123.5 = 6.4 125.1 = 6.6 126.3 = 4.4
Weight (kg) 23.8 * 2.7 30.1 = 3.8 38.7 * 6.7 234 33 29.4 = 3.8 36.7 = 4.5
BMI (kg/m?) 15.68 = 1.11 18.79 = 0.83  23.10 * 2.51 15.29 = 1.02  18.69 * 0.78 23.00 * 2.00
APHV (years) 12.16 = 0.29 11.94 = 0.35 11.62 = 0.23 11.10 = 0.31 10.78 = 0.31 10.51 = 0.30
8-9 years Height (cm) 135.0 £ 6.7 139.0 £ 7.2 139.6 £ 7.6 134.8 = 6.2 136.5 £ 6.4 1378+ 7.3
Weight (kg) 28.8 = 3.8 39.6 = 5.5 49.0 = 7.1 29.2 * 4.1 38.5 = 4.8 47.1 = 8.7
BMI (kg/m?) 15.76 = 1.28 20.41 = 1.26 25.03 = 1.60 16.00 = 1.31 20.57 = 1.25 24.60 £ 2.33
APHYV (years) 12.88 £ 0.35 12.50 = 0.30 12.19 * 0.42 11.57 £ 0.33  11.21 £ 0.29 10.77 = 0.40
10-12 years Height (cm) 146.3 = 9.1 1489 = 7.4 147.7 = 6.3 147.1 = 7.3 148.7 = 7.5 152.1 £ 7.2
Weight (kg) 36.5 = 6.6 494 * 6.9 59.8 £ 8.5 36.0 = 5.5 49.8 * 6.9 64.4 = 8.6
BMI (kg/m?) 16.91 = 1.54 22.19 = 1.46 27.29 = 2.30 16.56 = 1.48 22.43 = 1.49 27.76 = 2.26
APHYV (years) 13.60 = 0.50 13.29 = 0.38 12.93 = 0.38 12.01 = 0.37 11.59 = 0.39 11.30 £ 0.36

BMI: Body mass index; APHV: Age at peak height velocity.

than their overweight peers (p-values < 0.001), whose
performance in turn exceeded that of the obese par-
ticipants (p-values < 0.05). Within the obese group,
no significant difference was found between hop-
ping for height performances of 5-7-year-olds and
8-9-year-olds (p = 0.999). For KTK]UMP’ BMI X
AGE interaction was affected by gender. In boys
(Fpamrxage = 3-253, p = 0.012), single-factor analy-
sis (FnrrracTiON = 2-715 P < 0.001) revealed that
healthy-weight boys executed more lateral jumps than
overweight (p = 0.014) and obese peers (p = 0.007)
at the age of 10-12 years. In the younger age groups
(5-7 years and 8-9 years), the number of jumps was
not significantly different according to weight status

(p-values > 0.05). An age-related progression was
only found in healthy-weight boys, with better scores
for the older of two adjacent age groups (p-values
< 0.001). In girls, on the other hand, no significant
BMI X AGE interaction was observed (Fppi » agE
= 0.987, p = 0.414). A main effect of BMI (Fg,;
= 10.41, p < 0.001) indicated that healthy-weight
girls realized more lateral jumps than those in both
other BMI groups (p-values <0.01), while overweight
girls did better compared with their obese peers
(p = 0.024). A main effect of age group (F 5z =
52.96,p < 0.001) revealed that jumping performance
significantly increased as girls belonged to an older
age group (p-values < 0.001). For KTKy,,rp» NO

Table III. KTK performances (mean * standard deviation) in healthy-weight (HW), overweight (OW), and obese (OB) boys and girls
stratified by age.

Boys Girls
n = 454 n = 500
HW ow OB HW ow OB
Age group KTK variables n = 227 n =172 n =55 n = 250 n = 188 n=62
5-7 years KTKgeam 25.18 = 12.35 23.82 = 14.11 19.50 = 14.90 33.42 = 11.41 31.98 = 14.29 26.17 = 7.63
KTKyop 38.18 = 10.58 34.14 = 12.58 29.31 = 13.20 37.87 = 12.48 34.40 = 11.91 19.58 = 10.26
KTKyoarp 31.69 £ 599 29.65 * 531 29.33 * 6.06 32.17 = 470 31.60 = 6.08 26.92 = 4.58
KTKypp 39.37 £ 10.05 38.78 = 12.03 35.38 + 8.79 42.00 £ 11.47 38.45 = 11.07 29.23 *= 4.99
Total KTK MQ 97.66 * 12.39 95.31 * 12.99 90.46 * 12.17 98.34 = 13.23 94.12 = 13.56 77.00 = 11.37
8-9 years KTKgpam 39.38 = 12.90 31.80 = 12.92 21.72 = 9.28 43.28 = 13.37 35.58 £ 12.29 27.59 = 10.29
KTKyop 56.61 = 11.93 44.39 = 14.73 30.78 = 8.73 54.43 + 10.94 41.28 = 13.33 30.66 = 10.62
KTKyoarp 39.03 = 7.41 3539 = 7.00 31.22 = 5.26 38.82 = 6.28 36.11 = 5.29 32.79 = 594
KTKypp 56.05 = 11.20 49.17 = 11.01 41.30 = 9.07 56.06 = 10.91 48.87 = 11.84 45.30 = 11.20
Total KTK MQ  99.65 * 14.05 87.65 * 14.40 72.22 * 11.46 98.08 = 14.30 85.20 = 15.47 76.59 *= 14.30
10-12 years KTKgpaum 44.84 + 13.93 39.31 = 14.93 32.06 = 11.83 50.79 = 13.05 41.47 = 12.13 32.61 = 13.89
KTKyop 68.33 = 9.40 53.66 = 14.82 40.39 *= 15.47 64.09 = 10.27 50.96 = 11.46 42.47 = 15.03
KTKgoarD 44.54 £ 6.18 39.67 * 6.58 35.56 * 7.76 44.48 £ 6.21 41.22 £ 6.75 36.61 * 5,51
KTKymp 68.49 = 9.60 59.59 = 12.00 52.11 = 12.91 64.38 = 9.77  60.22 = 10.93 55.61 = 13.00
Total KTK MQ 99.41 *+ 12.98 83.94 * 17.38 72.50 = 17.92 94.95 + 14.17 82.35 = 15.39 67.06 = 17.68

KTK: Korperkoordinationstest fiir Kinder.
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Table IV. Main and interaction effects (F-values) on KTK performance according to weight status (BMI), age group, and gender.

KTK FAPHV FBMI x AGE x
variables covariate Fpm Faor FGenpER BMIXAGE  T'BMIx GENDER  FAGE x GENDER GENDER
KTKgpanm 40.90* 12.49* 3.72% 63.68" 2.56% 0.16 0.12 0.49
KTKyop 10.73* 84.11°  44.69* 2.37 6.54" 0.08 0.94 1.56
KTKgoarp 7.75% 25.45°  42.02* 8.37t 2.16 1.34 0.81 0.69
KTKJUMP 41.36" 15.62% 53.60* 29.31% 1.58 0.26 2.51 2.79%
Total KTK MQ 8.28% 61.89* 18.51* 1.33 4,99t 0.47 1.84 1.95

BMS: Body mass index. KTK: Koérperkoordinationstest fiir Kinder.

*p < 0.001.
tp < 0.01.
p < 0.05.

significant BMI X AGE interaction was found, but
performances significantly differed between BMI
groups (Fg, = 25.45, p < 0.001) and age groups
(Fage = 42.02, p < 0.001). KTKarp SCOTes were
significantly lower in the obese children compared
with the overweight participants (p < 0.001), with
the latter performing worse than the healthy-weight
group (p < 0.001). Significantly poorer performances
were observed in the 5-7-year-old children relative
to those belonging to an older age group (p-values
< 0.001) and also in the 8-9-year-old children com-
pared with participants aged 1012 years (p < 0.001).
Furthermore, a main effect of gender was observed
for three KTK items. Boys achieved higher scores
on KTKypp (Fgpnper = 53-60, p < 0.001) and
KTKgoarp Foenper = 8-37, p = 0.004), while girls
demonstrated better performances on KTKgg,\,
(FsenpER = 0368, p < 0.001).

Total KTK MQ was then again featured by
a significant BMI X X AGE interaction, as depicted
in Figure 1. Additional single-factor analysis (Fj\.rgr.
AcTION — 37.34, p < 0.001) established that the
overall KTK performance in overweight children and
healthy-weight children was comparable at the age of
5—7 years (p = 0.999), whereas obese peers obtained
significantly lower total KTK MQs relative to the
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Figure 1. Mean values (vertical bars representing standard
deviations) of total Motor Quotient (MQ) observed in healthy-
weight (HW, black blocks), overweight (OW, dark gray blocks),
and obese (OB, light gray blocks) participants stratified by age.

healthy-weight group (p = 0.002). However, in the
subsequent age groups (8-9 years and 10-12 years),
both overweight and obese children scored signifi-
cantly worse, with the obese children achieving the
lowest levels of motor coordination (p < 0.01). The
single-factor analysis outcome also evidenced that
healthy-weight children performed at a similar level
over age groups (p = 0.999). In contrast, both over-
weight and obese children in the 10-12-year-old
group showed significantly lower total KTK perfor-
mance compared with their corresponding partici-
pants in the 5-7-year-old group (p-values < 0.01).

Using the 15% percentile as a cut-off point, the
proportion of children who showed moderate to severe
motor impairment was 18.9% in healthy-weight chil-
dren, 43.3% in the overweight group, and 70.8%
among the obese children (¥* = 120.9, p < 0.001).
The relationship between weight status and motor
impairment for the distinguished age groups (y>-values
between 14.49 and 61.85, p-values < 0.01) is pre-
sented in Figure 2. Regardless of age, it was shown
that less than 20% of all healthy-weight children
are facing gross motor difficulties. However, this ratio
was considerably different for overweight and obese
children, especially for those in the older age groups.
About 50% of the overweight children aged 8-9 years
or 10-12 years were scoring equal or below the 15%
percentile. The proportion of obese children identified
as being motor impaired even increased up to 72.3%
(8-9 years) and 80.0% (10-12 years).

Discussion

The purpose of this cross-sectional study was to inves-
tigate differences in gross motor coordination in healthy-
weight, overweight, and obese children of different ages.
In addition, the proportion of children identified as
being motor impaired was examined in relation to
weight status for the distinguished age groups.
Childhood overweight and particularly obesity were
found to result in poorer KTK performances. However,
the extent to which excess body mass confined gross
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Figure 2. Proportion of children with a total Motor Quotient (MQ) below or equal to the 15™ percentile (black blocks, impaired gross
motor coordination) and above the 15% percentile (gray blocks, normal to high gross motor coordination) observed in healthy-weight
(HW), overweight (OW), and obese (OB) participants stratified by age.

motor coordination differed according to the KTK
item assessed. KTKyp,\ Was featured by the least
pronounced effect as compared with the other items,
as it primarily measures balance coordination
without the need for the body to be moved quickly
(44-46). Stronger effects were found on KTKJUMP
and KTK,,rps both assessing coordination perfor-
mance under time pressure and short-term endur-
ance (44). The most pronounced effect of BMI on
gross motor performance was observed for KTK;p.
Next to dynamic coordination, hopping for height
also requires additional physical properties, such as
endurance, strength, and explosiveness (44,45,47).
This interference with several aspects of physical fit-
ness might explain the remarkable poorer scores in
relation to weight status. In agreement with previous
research (22,23,48-50), our results showed that the
disadvantageous effect of excessive weight on chil-
dren’s motor coordination increases as a greater pro-
portion of body mass is involved in the action and
when the body needs to be moved under time con-
straints or against gravity.

A gradual improvement in gross motor coordina-
tion with increasing age is widely acknowledged as a
general phenomenon during child development
(46,47). In this cross-sectional study, such an age-
related improvement in KTK raw performance scores
was actually present in all children within the same
BMI group according to the absolute figures. How-
ever, performances of consecutive age groups were
not always found to be significantly different from
one another, depending on the BMI group and the
KTK item under study. For example, no significant

age-related progression was established in the obese
children’s balance performances on KTKyp , ;. Over-
all KTK performance scores were determined using
age- and gender-specific standards. Therefore, one
could expect to find similar total KTK MQs for the
distinguished age groups representing the gradual
improvement with age (38,39). In our results, this
was only shown to be true in healthy-weight children.
The present study further demonstrated that differ-
ences between BMI groups in overall KTK perfor-
mance were more pronounced as children belonged
to an older age group. This finding was substantiated
by the growing proportion of motor impairment in
overweight and obese children across age groups. As
hypothesized and previously suggested (25,51,52),
the reported deficiencies associated with childhood
overweight and obesity do not seem to be temporary.
With increasing age, their gross motor coordination
even appeared to deteriorate relative to the age- and
gender-specific standards. Two earlier studies that
examined the development of motor skill and coor-
dination in relation to children’s weight status found
no relative decline in performance with increasing
age (20,25). It should be noted, however, that Ahnert
et al. (20) used different standards for BMI classifica-
tion according to age, and KTK performances were
analysed using a between-subjects design instead of
a within-subjects design, although participants were
followed longitudinally. Okely et al. (25), on the
other hand, acknowledged that their process-oriented
technique to assess fundamental movement skill pro-
ficiency could explain the greater inverse effect of
BMI found in the lower school grades 4 and 6. More



e562 E. D’Hondt et al.

than likely, a ceiling effect occurred in the higher
grades 8 and 10 due to the greater proportion of
children showing advanced skills approaching expert
performance levels. To the best of our knowledge,
this cross-sectional study is thus the first to illustrate
an increasingly detrimental effect of childhood over-
weight and obesity on gross motor coordination
across developmental time.

The interrelationship between childhood over-
weight and obesity, physical (in)activity, and motor
(in)competence is probably contributing to our find-
ings. Regular involvement in physical activity pro-
vides crucial opportunities to learn and develop
motor skills (24). Unfortunately, overweight and
obese children display lower levels of physical activity
and spend more time in sedentary behaviours com-
pared with healthy-weight peers (16—19). As inactiv-
ity is associated with reduced movement experiences,
overweight and obese children may encounter
impaired motor skill development. Therefore, an
accumulated lack of practice might be reflected in
poorer motor functioning, especially in later child-
hood. Alternatively, children with motor difficulties
are less likely to participate in physical activity and
movement situations as they often experience con-
straints and negative affective outcomes (8,11,24).
This avoidance strategy, however, may further aggra-
vate their movement incompetence and increase adi-
posity levels (5,8,19). Considering the key role of
motor competence in physical activity engagement,
which in turn is health protective, our results empha-
size the need for early identification of motor impair-
ment, especially in overweight and obese children.

In line with Okely et al. (25) and Barnett et al.
(53), we suggest that instruction and improvement
of motor skill might be a key component in both
prevention and management of childhood overweight
and obesity. Next to intervention programs related
to clinical practice, there is a crucial need for com-
munity- and school-based initiatives to provide vari-
ous opportunities for motor skill development
through physical activities. An appropriate workload
is required for those children who are overweight or
obese in order to maximize their enjoyment and
experience of success. Improved motor skills may
accordingly boost children’s self-esteem and their
motivation to be physically active (25). Therefore,
enhanced motor competence and movement pat-
terns may entail a healthy lifestyle in the long term
(54). An increased focus on motor skill instruction
should occur during primary school years, when chil-
dren are still at an optimal age to develop their motor
competence, to prevent from further reduction in
motor coordination over time (24,25,54). As KTK
performance between BMI groups also appeared to
be considerably smaller at a younger age, overweight

and obese children might still catch up their motor
deficiency compared with the standard, although
targeted initiatives are needed to reach that goal.

This study is not without limitations. The cross-
sectional design precludes any statements on causal-
ity. Further, the reported relative decline of gross
motor coordination in overweight and obese children
across age groups cannot be considered truly devel-
opmental, given that developmental changes within
individuals were not investigated (55).To control for
individual differences in maturity status, APHV was
included as a covariate in our analysis. However, by
applying population specific regression equations to
our sample, the prediction of this indicator of somatic
maturity may have lost some of its accuracy (41,42).
Caution should also be taken when estimating APHV
in very young children as systematic errors may
occur. In this study, however, such errors are reason-
ably supposed to be similar in children of different
BMI groups. Finally, future research is warranted to
investigate to what extent weight loss and decreased
adiposity would improve overweight and obese chil-
dren’s gross motor skill competence. Future studies
also need to include other factors that are thought to
impact motor skill performance, such as the degree
of physical activity (5-7), perceived motor compe-
tence (5,26), and environmental factors including
socioeconomic status (28,56,57), in order to provide
a more comprehensive understanding of the mecha-
nisms underlying motor (in)competence in overweight
and obese children.

In summary, the present cross-sectional study is
innovative in that differences in gross motor coordi-
nation performance were investigated in a large sam-
ple of healthy-weight, overweight, and obese children
across developmental time using a reliable test instru-
ment with identical tests for all age groups. Even
when maturity dissimilarities were taken into account,
childhood overweight and particularly obesity in chil-
dren were found to be detrimental to gross motor
coordination performance. Most importantly, BMI-
related differences appeared to become more pro-
nounced as children belonged to an older age group.
Although this relative decline in motor competence
with increasing age needs to be confirmed in future
longitudinal research, our study certainly highlights
the need for an early focus on motor skill improve-
ment in overweight and obese children in order to
encourage them to be physically active.

Acknowledgements

This study was financed by means of a research fund
from the Youth, Culture, Sports and Media Depart-
ment of the Flemish government awarded to Matthieu
Lenoir and Renaat Philippaerts, and supported by a



PhD fellowship of the Research Foundation — Flanders
(FWO) awarded to Eva D’Hondt.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Skinner RA, Piek JP. Psychosocial implications of poor motor
coordination in children and adolescents. Hum Mov Sci.
2001;20:73-94.

Piek JP, Baynam GB, Barrett NC. The relationship between
fine and gross motor ability, self-perceptions and self-worth
in children and adolescents. Hum Mov Sci. 2006;25:65-75.
Haga M. The relationship between physical fitness and motor
competence in children. Child Care Health Dev. 2008;34:
329-34.

Henderson SE, Sugden DA. Movement assessment battery
for children: Manual. London, UK: Psychological Corpora-
tion; 1992.

Stodden DF, Goodway JD, Langendorfer SJ et al. A devel-
opmental perspective on the role of motor skill competence
in physical activity: an emergent relationship. Quest.
2008;60:290-306.

Okely AD, Booth ML, Patterson JW. Relationship of physical
activity to fundamental movement skills among adolescents.
Med Sci Sports Exerc. 2001;33:1899-904.

Fisher A, Reilly JJ, Kelly LA et al. Fundamental movement
skills and habitual physical activity in young children. Med
Sci Sports Exerc. 2005;37:684-8.

Bouffard M, Watkinson EJ, Thompson LP et al. A test of the
activity deficit hypothesis with children with movement dif-
ficulties. Adapted Phys Act Q. 1996;13:61-73.

Williams HG, Pfeiffer KA, O’Neill JR et al. Motor skill per-
formance and physical activity in preschool children. Obesity.
2008;16:1421-6.

Wrotniak BH, Epstein LH, Dorn JM et al. The relationship
between motor proficiency and physical activity in children.
Pediatrics. 2006;118:E1758-65.

Cairney J, Hay JA, Faught BE et al. Developmental coordina-
tion disorder, generalized self-efficacy toward physical activ-
ity, and participation in organized and free play activities.
J Pedriatr. 2005;147:515-20.

Haga M. Physical fitness in children with movement difficul-
ties. Physiotherapy. 2008;94:253-9.

Lobstein T, Frelut ML. Prevalence of overweight among chil-
dren in Europe. Obes Rev. 2003;4:195-200.

Wang Y, Lobstein T. Worldwide trends in childhood over-
weight and obesity. Int J Pediatr Obes. 2006;1:11-25.
Mallecka-Tendera E, Mazur A. Childhood obesity: a pan-
demic of the twenty-first century. Int J Obes (Lond).
2006;30:S1-3.

Abbott RA, Davies PSW. Habitual physical activity and
physical activity intensity: their relation to body composition
in 5.0-10.5-y-old children. Eur J Clin Nutr. 2004;58:
285-91.

Page A, Cooper AR, Stamatakis E et al. Physical activity
patterns in nonobese and obese children assessed using
minute-by-minute accelerometry. Int J Obes (Lond).
2005;29:1070-6.

Gillis LJ, Kennedy LC, Bar-Or O. Overweight children
reduce their activity levels earlier in life than healthy-weight
children. Clin J Sport Med. 2006;16:51-5.

Moror coordination in relation to BMI and age €563

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

Hills AP, King NA, Armstrong TP. The contribution of phys-
ical activity and sedentary behaviours to the growth and
development of children and adolescents — Implications for
overweight and obesity. Sports Med. 2007;37:533-45.
Ahnert J, Bos K, Schneider W. Motorische und kognitive
Entwicklung im Vorschul- und Schularter: Befunde der
Minchner Lingsschnittstudie LOGIK [Motor development
and cognitive development during the preschool and school
years: Findings from the Munich longitudinal study LOGIC].
Zeitschrift fur Entwicklungspsychologie und Péddagogische
Psychologie. 2003;35:185-99.

Graf C, Koch B, Dordel S et al. Physical activity, leisure
habits and obesity in first-grade children. Eur J Cardiovasc
Prev Rehabil. 2004;11:284-90.

Graf C, Koch B, Kretschmann-Kandel E et al. Correlation
between BMI, leisure habits and motor abilities in childhood
(CHILT-Project). Int J Obes (LLlond). 2004;28:22—6.

Graf C, Jouck S, Koch B et al. Motorische Defizite — wie
schwer wiegen sie? Ubergewicht und Adipositas im Kindes-
und Jugendalter [Motor deficits — how important are they?
Overweight and obesity in childhood and adolescence].
Monatsschrift Kinderheilkunde. 2007;155:631-7.

Marshall JD, Bouffard M. Obesity and movement compe-
tency in children. Adapted Phys Act Q. 1994;11:297-305.
Okely AD, Booth ML, Chey T. Relationship between body
composition and fundamental movement skills among chil-
dren and adolescents. Res Q Exerc Sport. 2004;75:238-47.
Southall JE, Okely A, Steele JR. Actual and perceived physi-
cal competence in overweight and nonoverweight children.
Pediatr Exerc Sci. 2004;16:15-24.

Mond JM, Stich H, Hay PJ et al. Associations between obesity
and developmental functioning in pre-school children: a pop-
ulation-based study. Int ] Obes (Lond). 2007;31:1068-73.
D’Hondt E, Deforche B, De Bourdeaudhuij I et al. Relation-
ship between motor skill and body mass index in 5- to
10-year-old children. Adapted Phys Act Q. 2009;26:21-37.
Beunen GP, Rogol AD, Malina RM. Indicators of biological
maturation and secular changes in biological maturation.
Food Nutr Bull. 2006;27:S244-56.

Biro FM, Khoury P, Morrison JA. Influence of obesity on
timing of puberty. Int ] Androl. 2006;29:272-7.

Sandhu J, Ben-ShlomoY, Cole TJ et al. The impact of child-
hood body mass index on timing of puberty, adult stature
and obesity: a follow-up study based on adolescent anthro-
pometry recorded at Chirst’s Hospital (1936-1964). Int ]
Obes (Lond). 2006;30:14-22.

Mamun AA, Hayatbakhsh MR, O’Collaghan M et al. Early
overweight and pubertal maturation-pathways of association
with young adults’ overweight: a longitudinal study. Int J
Obes (Lond). 2009;33:14-20.

Beunen G. Biological age in pediatric exercise research.
In: Bar-Or O, editor. Advances in Pediatric Sports Sciences.
Volume 3. Biological Issues. Champaign, ILL, USA: Human
Kinetics Books; 1989. p. 1-39.

Lefevre J, Beunen G, Steens G et al. Motor performance
during adolescence and age thirty as related to age at peak
height velocity. Ann Hum Biol. 1990;17:423-35.
Katzmarzyk PT, Malina RM, Beunen GP. The contribution
of biological maturation to the strength and motor fitness of
children. Ann Hum Biol. 1997;24:493-505.

Jones MA, Hitchen PJ, Stratton G. The importance of con-
sidering biological maturity when assessing physical fitness
measures in girls and boys aged 10 to 16 years. Ann Hum
Biol. 2000;27:57-65.

Cole T7J, Bellizzi MC, Flegal KM et al. Establishing a stand-
ard definition for child overweight and obesity worldwide:
international survey. BM]J. 2000;320:1240-3.



e564 E. D’Hondt et al.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kiphard E]J, Schilling F. Kérperkoordinationstest fiir Kinder
[Body Coordination Test for Children]. Manual. Weinheim,
Germany: Beltz Test GmbH; 1974.

Kiphard EJ, Schilling F. Kérperkoordinationstest fir Kinder.
Uberarbeitete und erginzte Auflage [Body Coordination Test
for Children. Revised and supplemented edition]. Géttingen,
Germany: Beltz Test GmbH; 2007.

Weiner JS, Lourie JA. Human Biology: A Guide to Field
Methods. Oxford, UK: Blackwell Science; 1969.

Mirwald RL, Baxter-Jones ADG, Bailey DA et al. An assess-
ment of maturity from anthropometric measurements. Med
Sci Sports Exerc. 2002;34:689-94.

Sherar LB, Mirwald RL, Baxter-Jones ADG et al. Prediction
of adult height using maturity-based cumulative height veloc-
ity curves. J Pediatr. 2005;147:508-14.

Smits-Engelsman BCM, Henderson SE, Michels CG]J.
The assessment of children with developmental coordina-
tion disorders in the Netherlands: the relationship between
the Movement Assessment Battery for Children and the
Korperkoordinationstest fiir Kinder. Hum Mov Sci.
1998;17:699-709.

Bos K. Differentielle Aspekte der Entwicklung motorischer
Féhigkeiten [Differential aspects of the development of
motor skills]. In: Baur J, Bos K, Singer R, editors. Motorische
Entwicklung — Ein Handbuch. Schorndorf, Germany:
Hofmann; 1994. p. 238-56.

Pratorius B, Milani TL. Motorische Leistungsfahigkeit bei
Kinder: Koordinations- und Gleichgewichtsfihigkeit: Unter-
suchung des Leistungsgefilles zwischen Kindern mit ver-
schiedenen Sozialisationsbedingungen [Motor abilities of
children: Abilities of coordination and balance: examination
of differences between children of different social groups].
Deutsche Zeitschrift fiir Sportmedizin. 2004;55:172-6.
Ahnert J, Schneider W, Bés K. Developmental changes and
individual stability of motor abilities from the preschool
period to young adulthood. In: Schneider W, Bullock M,
editors. Human development from early childhood to early
adulthood: Evidence from the Munich Longitudinal Study
on the Genesis of Individual Competencies (LOGIC).
Mahwah, NJ, USA: Erlbaum; 2009. p. 35-62.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Vandorpe B, Vandendriessche J, Lefevre J et al. The Korperk-
oordinationstest fiir Kinder: Reference values and suitability
for 6- to 12-year old children in Flanders. Scand J Med Sci
Sports. 2010; in press.

Deforche B, Lefevre J, De Bourdeaudhuij I et al. Physical
fitness and physical activity in obese and nonobese Flemish
youth. Obes Res. 2003;11:434-41.

Tokmakidis SP, Kasamblis A, Christodoulos AD. Fitness lev-
els of Greek primary schoolchildren in relationship to over-
weight and obesity. Eur J Pediatr. 2006;165:867-74.
Casajus JA, Leiva MT, Villarroya A et al. Physical perform-
ance and school physical education in overweight Spanish
children. Ann Nutr Metab. 2007;51:288-96.

D’Hondt E, Deforche B, De Bourdeaudhuij I et al. Child-
hood obesity affects fine motor skill performance under
different postural constraints. Neurosci Lett. 2008;440:
72-5.

Deforche BI, Hills AP, Worringham C]J et al. Balance and
postural skills in normal-weight and overweight prepubertal
boys. Int J Pediatr Obes. 2009;4:175-82.

Barnett LM, Van Beurden E, Morgan PJ et al. Does child-
hood motor skill proficiency predict adolescent fitness? Med
Sci Sports Exerc. 2008;40:2137-44.

Korsten-Reck U, Kaspar T, Korsten K et al. Motor abilities
and aerobic fitness of obese children. Int J Sports Med.
2007;28:762-17.

Schneider W. The longitudinal study of motor development:
methodological issues. In: Kalverboer AF, Hopkins B, Geuze
R, editors. Motor development in early and later childhood:
longitudinal approaches. Cambridge, UK: University Press;
1993. p. 317-42.

de Barros KMFT, Fragoso AGC, de Oliviera ALB et al.
Do environmental influences alter motor abilities acquisi-
tion? A comparison among children from day-care centers
and private schools. Arquivos de Neuropsiquiatria. 2003;61:
170-5.

Bobbio TG, Morcillo AM, Barros ADA et al. Factors associ-
ated with inadequate fine motor skills in Brazilian students
of different socioeconomic status. Percept Mot Skills.
2007;105:1187-95.



