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Abstract

Background Poor motor skills have been consistently linked with a higher body weight in
childhood, but the causal direction of this association is not fully understood. This study investigated
the temporal ordering between children’s motor skills and weight status at 5 and 10years.
Methods
iron deficiency anaemia preventive trial and follow-up study in Santiago, Chile. All were healthy, full-

Participants were 668 children (54% male) who were studied from infancy as part of an

term and weighing 3 kg or more at birth. Cross-lagged panel modelling was conducted to
understand the temporal precedence between children’s weight status and motor proficiency.
Analyses also examined differences in gross and fine motor skills among healthy weight,
overweight, and obese children.

Results A higher BMI at 5years contributed to declines in motor proficiency from 5 to 10years.
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There was no support for the reverse, that is, poor motor skills at 5 years did not predict increases in
relative weight from 5 to 10years. Obesity at 5 years also predicted declines in motor proficiency.
When compared with normal weight children, obese children had significantly poorer total and
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skills at 10years only. The differences in total and gross motor skills among normal weight,
overweight and obese children appear to increase with age. There were small differences in fine
motor skill between obese and non-obese children at 5years only.

Conclusions Obesity preceded declines in motor skills and not the reverse. Study findings suggest
that early childhood obesity intervention efforts might help prevent declines in motor proficiency

that, in turn, may positively impact children’s physical activity and overall fitness levels.

Introduction

Poor motor skills have been linked with higher body weight in
childhood in a number of studies (Wrotniak et al. 2006;
D’Hondet et al. 2011; Lopes et al. 2013). Overweight and obese
children show poorer gross motor skill performance as well as
worse fine motor precision and manual dexterity than their
healthy weight peers (D’Hondt et al. 2009; Gentier ef al. 2013).

© 2016 John Wiley & Sons Ltd

To date, however, the temporal precedence, or causal direction,
of this association is unclear. That is, it is currently not known
whether high body mass contributes to poor motor skills or
whether poor motor proficiency leads to higher body mass.
Several longitudinal studies have been conducted in which only
weight or motor skill have been used to predict subsequent
changes in either weight or motor skill. For example, D’Hondt
et al. (2013) reported that an unhealthy body mass index (BMI)

343



344 ). Chengetal.

at 6 to 10years predicted declines in gross motor coordination
performance 2 years later (D’Hondt et al. 2013). However, the
reverse was not tested, that is, whether initial poor motor skills
contribute to a subsequent unhealthy weight. Similarly, other
studies have found that low levels of fitness and motor
competence are strongly associated with the risk of subsequently
becoming overweight or obese (Kim et al. 2005; Hruby et al.
2012; Rodrigues et al. 2016). However, these studies did not also
test the possibility that being overweight or obese predicts
subsequent declines in motor competence. Thus, from the
available studies, the temporal ordering between children’s
motor skills and their body weight remains unclear. Under-
standing the causal ordering of the association between
children’s motor skill and their weight would be helpful for
preventive purposes. In addition, examining this issue in early
development might serve to identify the origins of the motor
skill-adiposity link. That is, examining the within- and across-
time associations between motor skill and adiposity starting at
this stage in development might yield insights into uncovering
the initiating factor.

The current study

The current study analyzed BMI and fine and gross motor skill
data for 668 children who were studied at 5 and 10 years of age.
Cross-lagged panel models (Selig & Little 2012) were used to
identify the temporal precedence in the relationship between
children’s motor skills and their weight status. Specifically, we
analyzed how children’s 5-year total motor skills (both gross
and fine) predict changes in weight status from 5 to 10 years
while simultaneously examining how 5-year weight status
predicts changes in motor skills from 5 to 10years. We used
three indices of weight status: BMI z-scores, whether obese or
not and whether overweight or not (omitting children who
were obese at either time point). This approach allowed us to
consider whether being overweight but not obese hinders
children’s motor skill development, as well as vice versa, that is,
whether poor motor proficiency is a risk for subsequently
becoming overweight for those who have not developed
obesity. For these across-age analyses, total motor skills were
examined or those that simultaneously consider both gross and
fine motor skills. This is important to note because several
studies in this field have examined age-related changes in gross
motor skills only (e.g. D’Hondt et al. 2011, 2013).

In addition, this study examined whether healthy weight,
overweight and obese children differ in their fine and gross
motor skills at 5 and 10 years of age. Many previous studies that
examined children’s motor skill by weight status have compared
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only healthy weight and obese children (Gentier et al. 2013).
Previous research also shows that weight class differences in
gross motor coordination appear more pronounced in older
(10-12 years) than younger (5-7 years) children (D’Hondt et al.
2011) and become more marked over time (D’Hondt et al. 2013;
Lopes et al. 2013). The current study aims to clarify whether fine
motor skills differ by children’s weight status, will examine
overweight children separately from obese children and will
examine whether differences in children’s motor skill among
healthy weight, overweight and obese children become more
marked over time.

Methods

Participants

Participants were 668 children (54% male) who were studied
as part of an iron deficiency anaemia preventive trial and
follow-up study in Santiago, Chile (Lozoff et al. 2003). The
study originally involved 1657 infants who were recruited from
community clinics in Santiago between 1991 and 1996. All
infants were healthy, full-term (birth weight > 3.0kg) and had
no perinatal complications or acute or chronic illnesses. At
infancy, children’s families were working class, mothers had an
average of 9-yeareducation (equivalent to ninth-grade-
education) and 85% of fathers were present in the home.
BMI and motor skills were measured at 5 and 10vyears. Six
hundred and sixty-eight children had complete BMI and
motor proficiency data at both ages; these individuals form the
sample for this study’s analyses. The age periods of 5 and
10 years encompass important milestones in children’s motor,
cognitive and socioemotional development, including the
refinement of perceptual and motor skills (Williams & Stith
1980; Collins 1984). The infant study and the 5- and 10-year
follow-ups were approved by the institutional review boards of
the three participating universities. Signed informed consent
was obtained from parents at all study time points, and assent
was obtained from children at 10 years.

Measures

Motor skills

Children’s motor skills were measured by the Bruininks—
Oseretsky Test of Motor Proficiency Short Form (BOTMP-SF;
Bruininks 1978). The BOTMP-SF is a well-established, valid
and reliable test of motor proficiency (Spironello et al. 2010).
The BOTMP-SF includes 14 subtests, 6 of which assess gross



motor skills (GM; e.g. running speed, balance, bilateral
coordination), 6 that assess fine motor skills (FM; e.g. visual-
motor control) and 2 that assess simultaneous gross and fine
motor skills (e.g. grabs ball with both hands). A total
standard score, adjusted for child age, is used to interpret
motor skill proficiency. Thus, the total score reflects
proficiency of gross and fine motor skills equally. The test
was administered by five trained psychologists at the Institute
of Nutrition and Food Technology (INTA), University of
Chile. Inter-rater agreement of >80% was established prior to
the start of the study.

Body mass index

At 5 and 10 years, a research nurse at INTA, University of Chile
measured children’s height and weight. Weight was measured
to 0.1kg using a SECA scale. Height was measured to 0.1 cm
using a Holtain stadiometer. BMI (kg/m?) was calculated and
converted to z-scores using the methodology recommended by
the Centers for Disease Control and Prevention (CDC)
(Kuczmarski et al. 2002). BMI z-scores incorporate age and
gender differences and thereby allow for comparisons across
age and gender.

Weight status

Children’s weight status was defined using CDC standards,
with obesity defined as >95th percentile and overweight as
>85th for age and gender (Kuczmarski et al. 2002).

Covariates

Based on correlational results (described in the succeeding
texts), analyses controlled for child gender, the level of
mothers’education when the child was 10years old and the
nurturing quality of the home environment at age 5 (measured
using the Home Observation for Measurement of the
Environment; possible score range: 0-45; Bradley et al.
1994). Iron deficiency and iron deficiency anaemia during
infancy (scored as present or absent based on venous blood
samples at 6, 12 or 18 months) were also considered as
covariates based on research that shows that iron-deficient
anaemic infants are uncharacteristically lethargic, less physi-
cally active and have low energy (Lozoff 2007). However,
neither iron deficiency anaemia nor iron deficiency in infancy
was significantly associated with any of the model variables and
was not considered further. Children’s ages at the 5- and 10-
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year assessments (coded in months) were also not related to
any of the study variables and were not considered further.

Statistical analysis

To examine initial relations among the study variables and to
identify potential covariates, we conducted Pearson correla-
tions. Next, we conducted analyses of covariance to determine
whether healthy weight, overweight and obese children differ
in their total, gross and fine motor skills at ages 5 and 10. These
analyses controlled for child gender, 5-year Home Observation
for Measurement of the Environment (HOME) scores and
10-year maternal education.

We then conducted cross-lagged panel analysis within a
structural equation modelling framework (Selig & Little 2012) to
estimate the within- and across-time relations between children’s
weight and motor proficiency (using Mplus version 6.12;
Muthén & Muthén 1998-2007). Three models were analyzed.
We examined the relations between children’s motor proficiency
and their (i) BMI; (ii) obesity status (yes, no); and (iii) overweight
status (yes, no). As shown in Fig. 1, all models included
autoregressive paths, within-time paths and across-time paths.
Here, the autoregressive paths function as a control for the cross-
lagged path. Thus, a significant cross-lagged path when
autoregressive paths are included can be interpreted as variable,
at time 1 is associated with change in variable, from time 1 to
time 2. Four model fit indices were used to examine how well the
models fit the data: the chi-square, which is not significant when
model fit is good (Bentler 1990); the comparative fit index, with
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Figure 1. Cross-lagged panel model results for children’s total motor
proficiency score and BMI at 5 and 10years, n=668. Standardized
coefficients are shown. Dashed paths are not statistically significant. The
model controlled for child gender, 5-year maternal education and 10-year
home environment, not shown. Model fit indices were as follows: )(2 (4)
=5.24, ns; CFI: 0.998; RMSEA: 0.022; SRMR: 0.014. *P < 0.05, **P < 0.01,
P < 0.001.

© 2016 John Wiley & Sons Ltd, Child: care, health and development, 42, 3, 343-350



346 J.Chengetal.

Table 1. Descriptive characteristics of the sample (1 =668)

5years 10 years
% Male 54.0% 54.0%
Maternal education (yrs) 9.8 (2.57) 9.8 (2.60)
HOME score* 35.0 (6.40) 36.6 (7.00)
Motor proficiency* @ 52.4 (8.18) 45,0 (10.23)
BMI z-score* 0.84 (1.00) 0.73 (0.95)
% Overweight* 20.4% 22.9%
% Obese* 21.7% 18.1%
% Healthy weight 57.9% 59%

Values given are percentages or means (SD).

@ Summed standardized Bruininks—Oseretsky score reflecting total motor
proficiency.

*P < 0.001, significant across-time change.

values above 0.90 indicating a reasonably good fit (Hu & Bentler
1999); the root mean square error of approximation, with values
less than 0.08 indicating adequate fit (Kline 2011); and the
standardized root mean square residual, which is a measure of
the mean absolute value of the covariance residuals, with values
less than 0.08 considered favourable (Bentler 1990).

Results

At age 5, 20.4% of children were overweight and 21.7% were
obese (combined 42.1%; Table 1). At age 10, 22.9% were
overweight and 18.1% were obese (combined 41.0%). There
were no gender differences in these weight classifications.
Table 1 also shows mean motor proficiency scores and BMI z-
scores at 5 and 10years. Both BMI z-scores (¢t [667]=4.15,
P<0.001) and motor proficiency scores (t [667]=18.74,
P <0.001) decreased across age.

Pearson correlations (Table 2) indicated that BMI z-scores
and motor proficiency scores were significantly negatively
correlated within-time at both age points. Five-year BMI z-

Table 2. Correlations among model variables and covariates (1 =668)

scores and motor proficiency were also strongly and
significantly correlated with their respective values at 10 years.
Gender was correlated with motor proficiency at both ages,
such that boys had higher total motor scores than girls. In
addition, children’s nurturing home environment at 5years
was positively correlated with their 10-year motor proficiency,
and 10-year maternal education was positively correlated with
children’s 10-year BMI. Given these relations, gender was
included as a covariate on 5- and 10-year motor proficiency
scores in the cross-lagged modelling analyses; the 5-year
HOME score was included as a covariate on 10-year motor
proficiency; and mothers’ education at 10 years was included as
a covariate on children’s 10-year BMI z-score.

Weight group differences

The mean total, gross and fine motor skill scores for healthy
weight, overweight and obese children at ages 5 and 10 are
shown in Table 3. Results of the ANCOVA and post hoc
contrasts indicate that, at 5years, obese children had poorer
total and gross motor skills than both their healthy weight and
overweight peers. At age 10, both obese and overweight
children differed from healthy weight children in total and
gross motor proficiency. Also at age 10, obese children had
lower gross motor proficiency scores than overweight children.
Figure 2 graphically illustrates the total mean skill values per
weight group at both ages. The differences in total and gross
motor skills among normal weight, overweight and obese
children appear to increase with age.

There were no differences among the groups in fine motor
skills at either age. However, post hoc analyses of the individual
fine motor subtests showed one significant difference: Obese
children performed worse on a fine motor precision task at
5years (drawing lines) than both overweight and healthy

5-year motor proficiency 5-year BMI z-score 5-year obesity 10-year motor proficiency 10-year BMI z-score 10-year obesity

5-year motor proficiency

5-year BMI z-score —0.09* —
5-year obesity® —0.16%** 0.62%**
10-year motor proficiency 0.40%** —0.19%**
10-year BMI z-score —0.09* 0.78%**
10-year obesity® —0.12%* 0.48%**
Child gender® 0.13#** —0.03
5-year mothers’ education 0.00 0.04
5-year HOME 0.07 0.05
10-year mothers’ education —0.03 0.01
10-year HOME 0.06 0.07

—0.16*** —
0.47%** —0.19%%* —
0.6"*** _0.15*** 0.44*** J—
0.07 0.26*** 0.05 0.07
—0.01 0.02 0.07 0.02
0.03 0.10%* 0.06 0.01
—0.02 0.06 0.08* 0.01
0.06 0.06 0.05 0.03

20=no, 1=yes.” 0=female, 1=male.
*P < 0.05.**P < 0.01.***P < 0.001.
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Table 3. Total, gross and fine motor skills at 5 and 10 years, stratified by healthy weight (HW), overweight (OW) and obesity (OB) status

HW ow OB F [2,666] Contrast
5years (n=668) 387 136 145
Total motor proficiency standardized score 53.0 (8.1) 52.8 (7.5) 50.3 (8.6) 6.62* HW > OB; OW > OB
Gross motor skills 13.7 (3.8) 13.3 (3.9) 11.9 (4.3) 11.08** HW > OB; OW > OB
Fine motor skills 133 (2.9) 13.4 (2.8) 13.1 (3.1) <1
10 years (n = 668) 394 153 121
Total motor proficiency standardized score 458 (10.1) 435 (10.1) 40.9 (9.5) 24.09%* HW > OW; HW > OB
Gross motor skills 254 (3.9) 23.8 (4.0) 21.9 (4.1) 47.06** HW > OW; HW > OB; OW > OB
Fine motor skills 26.9 (3.6) 26.5 (3.8) 26.5 (3.6) 1.49

Values are means (SD). F values controlled for child gender, 5-year HOME scores and 10-year maternal education.

*P < 0.01.%*P < 0.001.

weight children (F [2,666] =3.00, P<0.05, controlling for
child gender). There were no group differences on any of the
fine motor subtests at age 10.

Modelling results

The model fit indices for the crossed-lagged panel model
analyzing children’s motor skills and BMI indicated good
model fit (Fig. 1). At both time points (and consistent with the
correlations), children’s motor skills and BMI were signifi-
cantly negatively associated. The cross-lagged paths indicated
that a higher BMI at 5years was associated with significant
declines in motor skills from 5 to 10years (f=—0.16,
P <0.001). However, the reverse was not true, that is, 5-year
motor proficiency was not related to changes in relative weight
from 5 to 10years (f=—0.02, ns).

Figure 3 shows the cross-lagged panel model of children’s
motor skills and their obesity status (yes, no). Model fit indices
again indicated that model fit was good. These results were
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similar to those using BMI z-scores, such that an obese status
at age 5 was associated with significant declines in motor
proficiency from age 5 to 10 (f=—0.12, P<0.01), but 5-year
motor skills were unrelated to change in obesity status from 5
to 10years (f=—0.03, ns).

Figure 4 shows the cross-lagged model analyzing overweight
status (yes, no; and omits those who were obese at either time
point, or 182 children). The model fit indices indicated that
model fit was good. In this model, an overweight status at age 5
was marginally associated with declines in motor proficiency
from age 5 to 10 (f=—0.07, P<0.09), while 5-year motor
skills were unrelated to a change in overweight status from 5 to
10years (f=—0.06, ns).

Discussion

We found that a high BMI and, separately, being obese at age 5
predicted declines in children’s motor skills from 5 to 10 years.
The reverse was not found, that is, poor motor proficiency at
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Mean 10y Bruininks Motor Standardized Sum Score
&
i

ot overweightiobese
10y weight class
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Figure 2. Mean total standardized motor skills per weight group at age 5years (left) and 10 years (right).
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Figure 3. Cross-lagged panel model results for children’s total motor
proficiency score and obesity status (yes, no; coded 1, 0) at 5 and 10 years,
n=668. Standardized coefficients are shown. Dashed paths are not
statistically significant. The model controlled for child gender, 5-year
maternal education and 10-year home environment, not shown. Model fit
indices were as follows: x2 (3) =4.64, ns; CFI: 0.996; RMSEA: 0.029; SRMR:
0.017. **P < 0.01, ***P < 0.001.
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Figure 4. Cross-lagged panel model results for children’s total motor
proficiency score and overweight status (yes, no; coded 1, 0; excludes obese
children) at 5 and 10 years, n =486. Standardized coefficients are shown.
Dashed paths are not statistically significant. The model controlled for
child gender, 5-year maternal education and 10-year home environment,
not shown. Model fit indices were as follows: Xz (3) =5.50, ns; CFI: 0.985;
RMSEA: 0.041; SRMR: 0.019. +P < 0.09, *P < 0.05, ***P < 0.001.

age 5 did not predict obesity or increases in BMI. These
findings indicate that a heavier weight status is a precursor and
not a consequence of poor motor skills. Results also show that
being overweight at age 5 was not sufficient to produce
significant declines in motor skills from 5 to 10 years. However,
marginally significant declines in motor skill were associated
with overweight status at age 5, which might hold future
significance, particularly if these children become obese at a
later age. The overall pattern of results suggests that excess
adiposity might inhibit obese children from developing and
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exercising their motor skills, which contributes to declines in
motor proficiency relative to healthy weight children
(Castetbon & Andreyeva 2012). These findings are clinically
important because poor motor skill development is associated
with children’s physical inactivity and poor fitness levels
(Wrotniak et al. 2006; Burgi ef al. 2011). Relative declines in
children’s motor proficiencies might also be associated with
self-perceptions of poorer physical competence, which again
might serve as a catalyst for inactivity and consequent weight
gain (Spessato ef al. 2012).

We also observed significant differences in total and gross
motor proficiency depending on children’s weight status at
both 5 and 10years. When compared with normal weight
children, obese children had significantly poorer total and
gross motor skills at both ages. Overweight children exhibited
poorer total and gross motor skills than normal weight
children at 10 years only. In addition, overweight children had
better total motor proficiency than obese children at 5 years
but by age 10 were equivalent to obese children in total motor
proficiency. Thus, overweight children appear to be
performing more like obese children in terms of motor skills
at age 10. The differences in total and gross motor skills among
healthy weight, overweight and obese children appeared to
increase with age. This is consistent with previous research
showing that weight class differences in gross motor coordi-
nation become more pronounced at older ages (D’Hondt et al.
2011, 2013). These findings suggest the need to address
children’s weight issues at an early age, prior to the onset of
large disparities in motor skills between healthy weight and
unhealthy weight children.

Some prior studies have shown fine motor skill impairments
in obese children (D’Hondt et al. 2009; Gentier et al. 2013). In
our study, there were no group differences in children’s overall
fine motor skills at either time point, but obese children
performed worse than overweight and healthy weight children
on a line drawing task at 5years. This result suggests that fine
motor impairments may be evident in obese children, although
confined to a specific fine motor ability and not persistent.
Further investigation to corroborate this finding is warranted.

Limitations and strengths

The current study was unable to compute cross-lagged analyses
for gross and fine motor skills separately because these subtest
scores of the BOTMP-SF are not standardized and thus could
not be compared across age; only the BOTMP-SF total motor
proficiency scores could be analyzed across age. Nevertheless,
the ANCOVA results provide valuable information indicating



that the weight groups differ primarily in gross motor skill at
both ages 5 and 10. We also could not compare mean level
motor score differences by weight group across age because
weight group status changed for 32% of participants between 5
and 10years. In addition, to address the possible influence of
children’s socioeconomic background on the relations between
motor skills and weight status, we controlled for mothers’ years
of education as a proxy for socioeconomic status (Krieger et al.
1997). Thus, the results found adjusted for children’s
socioeconomic background. It is possible, however, that
unmeasured features in children’s environments could have
influenced the relations found. For example, children from
more enriched environments could have more opportunity for
motor skill development than children from poorer environ-
ments (Estabrooks et al. 2003), which could influence
children’s weight status. Socioeconomic factors and their
association with children’s weight and motor skill development
should be considered more specifically in research of this kind.
Finally, because this study involved Chilean children, it is not
known whether the current findings would hold in a
population with different obesity rates, as well as different
cultural norms for physical activity. The degree to which study
results may differ for children of other cultures is not known.

Strengths of the study are that the cross-lagged models were
tested using a large sample and included several relevant
statistical controls. Thus, the relations that emerged did so
while controlling for key child and family characteristics
known to be correlated with both child weight (Wang 2001)
and motor skill (Okely & Booth 2004). In addition, the cross-
lagged models simultaneously tested both possible across-time
relations between children’s weight and motor skill, thereby
providing an opportunity to discern temporal ordering
between these measures and a likely causal direction of effects.
Because 5-year measures of each construct were included in
the model, we were able to assess the effects of 5-year motor
skill and weight status on subsequent changes in the opposing
measure. In addition, our analyses considered obese children
separate from overweight children, and we included an analysis
of differences in fine motor skills vis-a-vis children’s weight
status group.

Conclusion

The purpose of this study was to examine the temporal
ordering of children’s relative weight and motor skills, a
question with considerable practical significance. The results
indicate that a high relative weight contributes to subsequent
declines in motor skills and not the reverse. These findings
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suggest that early childhood obesity intervention efforts might
help prevent subsequent declines in children’s motor profi-
ciency, which may produce secondary benefits of positively
impacting children’s physical activity and fitness levels
(Wrotniak et al. 2006; Rodrigues et al. 2016). The results also
suggest that intervention efforts that target overweight and
obese children might be best timed prior to kindergarten or
first grade or before significant declines in motor skill occur.

Key messages

+ A higher BMI and, separately, being obese at 5 years were
associated with significant declines in motor proficiency
from 5 to 10 years.

+ Motor skills at 5 years were unrelated to changes in either
BMI or weight status from 5 to 10 years.

+ The differences in total and gross motor skills among
healthy weight, overweight and obese children appear to
increase with age.

+ Early childhood obesity intervention efforts might help
minimize subsequent declines in children’s motor skills

and serve to increase physical activity and overall fitness.
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