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Abstract 

Background: Evidence supports an inverse relationship between weight status and motor competence, but most 
work utilizes body mass index as the proxy for weight status. Body mass index fails to account for essential compo-
nents of body composition, which may be critical for motor performance. The purpose of this investigation was to 
examine the relationship between fundamental motor skills competency and body composition (i.e., fat mass, fat 
percentage, and fatfree mass) as measured by bio-electrical impedance analysis and body mass index in children.

Methods: Two hundred forty-four children from the Southeastern portion of the United States participated in 
this project (6.05 ± 2.01 years, 53.3% male). Fundamental motor skills were measured using the Test of Gross Motor 
Development – 2nd edition and body composition was assessed with the Tanita SC-331S Body Composition Analyzer 
(bio-electrical impedance analysis). Body mass index was calculated using CDC normative growth charts.

Results: Bio-electrical impedance analysis measures accounted for 23.1%, F(3, 241) = 24.10, p < .001 and 2.7%, F(3, 
241) = 2.22, p = .086 variance in locomotor and object control subscales, respectively; body mass index accounted 
for 8.4% (locomotor) and 0.1% (object control) variance. For the Test of Gross Motor Development -2nd edition total 
score, bio-electrical impedance analysis measures accounted for 24.4% F(3, 241) = 25.90, p < .001 compared to body 
mass index which accounted for 7.9% F(1, 244) = 20.86, p < .001 of the variance. Only fat free mass (p < .001) was a 
significant predictor for locomotor skills and total models for the Test of Gross Motor Development – 2nd edition; BMI 
was also a significant predictor (p < .001) in both the locomotor and total models.

Conclusions: Different components of body composition (i.e., fat free mass) were associated with different aspects 
of fundamental motor skills competency. Excess body fat may be a morphological constraint to proficient locomotor 
performance when transporting the body through space. In contrast, body composition did not significantly predict 
object manipulation performance. More work is needed to understand the causality and directionality of this relation-
ship; however, bio-electrical impedance analysis accounts for more variance in fundamental motor skills performance 
than body mass index in a field-based setting.
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In the United States, an estimated 19.3% of U.S. children 
(2–19 years) children are obese [1]. Childhood obesity 
is associated with negative health consequences later 
in life, including Type 2 diabetes [2], hypertension [3, 
4], and high cholesterol [5]. Additionally, higher body 
mass index (BMI) during childhood predicts aspects of 
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prediabetes and cardiovascular diseases in adulthood [6]. 
With the growing concerns related to childhood obesity, 
research has explored the role of modifiable factors (e.g., 
fitness levels, physical activity participation, and motor 
skill competence) that might contribute to healthy weight 
in children and youth [7–12]. Overall, these studies have 
found that low levels of fitness, motor competence, and 
physical activity are associated with a higher weight or 
BMI.

An abundance of research has examined the inverse 
relationship between motor competence and unhealthy 
weight in children [7–9, 13–16]. Cross-sectionally, higher 
BMI is associated with lower motor coordination [17, 
18] and children with more inadequate motor coordina-
tion had a higher risk of being overweight [19]. Longi-
tudinally, a child’s current weight status influences gross 
motor coordination later in life [9, 20]; specifically, chil-
dren’s BMI at baseline predicted and explained 37.6% 
of the variance in gross motor coordination with age 
[9]. However, many of these studies utilize BMI as their 
indicator for overweight and obesity, which serves as a 
potential limitation to the generalization of these previ-
ous results.

In weight-related research, overfatness is what is meas-
ured to determine obesity status and BMI is the common 
metric used. BMI is calculated based on an individual’s 
weight and height. For children and adolescents, BMI 
percentiles are generated based on age and gender-spe-
cific normative data to characterize a child as under-
weight, normal weight, overweight, or obese [21, 22]. 
BMI is a widely accepted tool and proxy measure for 
assessing weight status [23], but it is only a surrogate 
(i.e., indirect) measure of body fatness [24]. BMI does not 
account for body composition (such as lean muscle mass, 
fat-free mass, or body fat percentage), nor does it exam-
ine body fat distribution [25], which have been shown 
to be an important risk factor for children’s health [26]. 
More importantly, Maynard et  al. [27] found that body 
composition changes in children are generally attributed 
to lean rather than fat composition changes, which is dif-
ficult to determine solely with BMI. In addition, a meta-
analysis recently showed that BMI calculations had 73% 
sensitivity in detecting obesity, meaning almost a quarter 
of children with obesity may go undetected [28]. There 
are other measures of body composition that examine 
body fat, both directly and indirectly, that may provide a 
more accurate picture in understanding the relationship 
between body fat and motor competence.

Body composition can be measured in children both in 
a lab or clinical-setting as well as in the field. Lab-based 
measures such as dual-energy X-ray absorptiometry 
(DXA) and air displacement plethysmography (Bod Pod) 
give accurate measures of bone mineral density, body 

composition, and body density but can be expensive, 
time-consuming, and less accessible. On the other hand, 
field-based measures are far more accessible and thus 
more readily used in larger studies or more frequently 
for screenings, but accurate estimates are dependent on 
the accuracy of the data collector and limitations of the 
measurement technique itself [29]. Bioelectrical imped-
ance analysis (BIA) collects accurate body composition 
measurements in children [30, 31]. Additionally, BIA is 
portable, objective, making it a more plausible option for 
use in the field. Thus, a more detailed, field-based meas-
urement of body composition might shed new light on 
the association of weight status and motor competence in 
children.

Several studies have found an inverse association 
between fundamental motor skill (FMS) competency 
and obesity, as measured by body composition. Henrique 
et al. [32] found central obesity (as measured by waist-to-
height ratio) was negatively associated with locomotor 
skill performance in preschool-age children. Lopes et al. 
[33] found that body fat percentage and waist circum-
ference were negatively related to motor competence in 
older girls. In contrast, poor motor competence was asso-
ciated with BMI, waist circumference, waist-to-height 
ratio, and body fat percentage in boys. Slotte et  al. [34] 
concluded there is an inverse associate between FMS and 
body composition as measured with DXA, specifically, 
higher FMS scores were significantly and strongly associ-
ated with a lower body fat percentage and lower abdomi-
nal region fat percentage in 8-year old children. To date, 
only one study has utilized BIA compared to motor com-
petence in young children (i.e., 5–6 years of age). They 
found higher body fat percentage in girls were negatively 
associated with strength and agility (as measured by the 
BOTMP), no associations were found for boys [35]. More 
work is needed to explore body composition more holis-
tically in children in relation to performance of FMS.

Given the limitations associated with BMI as a meas-
ure of obesity, additional evidence is needed to assess the 
relationship between motor skill competence and weight 
status in children. There is a need for more research 
that incorporate additional measures of body composi-
tion (e.g., BIA) in order to understand this association in 
greater detail. The purpose of this study is to examine the 
associations between FMS and body composition using 
BIA in children. A secondary aim is to explore the asso-
ciation FMS and BMI, to compare results with the meas-
urements taken from the BIA.

Methods
The present study consisted of a convenience sam-
ple of children from one preschool and one elemen-
tary school in the Southeastern region of the United 
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States. All children from both schools in grades pre-
school through 3rd grade were invited to participate 
in the current project, and 283 children returned an 
informed consent document. Thirty-nine children 
were removed from the final analysis due to incom-
plete data sets (incomplete motor skill data n = 12, 
incomplete weight data n = 25, absent on all measure-
ment dates/no data n = 2). The current study design 
and procedures received Institutional Review Board 
approval and oversight, and both written parental con-
sent and verbal child assent were obtained before data 
collection.

Body composition
Height was measured using a portable stadiometer 
(nearest 0.1 cm), and weight was measured using a 
digital SECA scale (nearest 0.1 lb.; SECA GmbH & 
Co. KG, Hamburg, Germany). BMI and BMI percen-
tiles were calculated from height and weight measure-
ments using the U.S. Centers for Disease Control and 
Prevention (CDC) age and sex-specific growth charts 
[23]. Children who have a BMI percentile under the 
5th percentile are considered underweight, between 
the 5th and 85th percentile are considered normal 
weight, over the 85th percentile are considered over-
weight, and above the 95th percentile are considered 
obese [23].

Body composition was assessed using the Tanita SC-
331S Body Composition Analyzer (Tanita Corpora-
tion, Tokyo, Japan). Height measurements, age, and sex 
were manually inserted into the BIA device. Per manual 
guidelines, children were assessed without shoes, socks, 
or heavy outer clothing. The BIA device assessed body 
composition through three outcome measures: fat mass 
(estimate of total body fat mass), fatfree mass (remain-
ing non-fat body mass and a proxy of muscle mass) and 
fat percentage (proportion of fat mass to total body 
mass). The BIA device does have a recommended age 
limit of 5 years, however previous work has measured 
fat mass, fat free mass, and fat percentage in preschool 
age children (2–5 years) using a Tanita scale [36]. In 
children under the age of 5 years, the minimum age of 
the device was used (i.e., age 5) and research assistants 
ensured that each child’s foot contacted all electrodes 
prior to measurements. Using the fat percentage meas-
urements, body fat reference curves [37] for children 
5 years of age and older were used to classify children 
into percentiles. Children under the 2nd percentile 
were considered underfat, between the 2nd and 85th 
percentile were considered normal weight, above the 
85th percentile were considered overfat, and above the 
95th percentile were considered obese.

Fundamental motor skill competency
FMS competency was assessed using the valid and reli-
able Test of Gross Motor Development – 2nd edition 
(TGMD-2) [38]. The TGMD-2 is a systematic observa-
tion protocol that measures gross motor skill perfor-
mance in children between 3 and 10 years of age with 
both process- and product-oriented components. The 
TGMD-2 is comprised of 12 skills divided into two sub-
scales, (1) locomotor skills: run, gallop, hop, leap, jump, 
slide; and (2) object control skills: two-hand strike, drib-
ble, kick, catch, overhand throw, underhand roll. The data 
for this project was collected in 2013 before the TGMD-3 
was available for use.

The TGMD-2 was assessed in small groups of 2–4 
participants during the school day in an indoor gym 
and administered by a trained researcher according to 
assessment protocols. Participants observed a live dem-
onstration of each skill before performing a practice 
trial followed by two scored trials. Performance of each 
skill was scored using 3–5 individual criteria (1 = crite-
rion met, 0 = criterion not demonstrated); the criterion 
scores from both trials were summed to calculate a raw 
score for each skill. Skill scores are summed to create 
locomotor and object control skill subscale totals, and 
overall TGMD-2 total raw scores (range 0 to 96). Based 
on the child’s age and sex, raw scores were converted to 
percentile scores for our analyses. All data were video 
recorded and analyzed by trained research assistants who 
had established at least 90% inter-rater reliability with an 
expert motor development researcher; a second coder 
coded 25% of the data to ensure appropriate reliability.

Statistical analysis
Six separate models were run, including the TGMD-2 
subscales, both (1) locomotor skills and (2) object control 
skills, as well as (3) the total TGMD-2 scores for both the 
BIA and BMI measurements. Multiple linear regressions 
were used for all models to assess how well the body com-
position variables derived from the BIA (fat mass, fat-free 
mass, and fat percentage) or BMI derived from the CDC 
normative growth charts could predict TGMD-2 scores. 
TGMD-2 percentile scores were used in all analyses.

Results
The final sample included 244 participants. The aver-
age age was 6.05 ± 2.01 years (range 3–10;  nAge3  = 31, 
 nAge4 = 49,  nAge5 = 21,  nAge6 = 23,  nAge7 = 40,  nAge8 = 60, 
 nAge9 = 16,  nAge10 = 4), 53.5% were male, and most chil-
dren were African American (71.7%; 16.8% Hispanic, 
9.0% Caucasian, 1.6% Asian, and 0.8% Mixed Race). 
Across the sample, the average CDC-derived BMI was 
17.53 ± 3.96 (M = 58.14 ± 33.34); over half of the sample 



Page 4 of 8Webster et al. BMC Pediatr          (2021) 21:444 

was considered normal weight (< 5th percentile, > 85th 
percentile; 61.3%) and approximately one-fifth were con-
sidered obese (>95th percentile; 20.8%). Using the BIA 
measurements, the average Tanita-derived BMI was 
16.90 ± 3.88. In children over the age of 5 years (n = 168), 
half of the sample would be considered normal weight (< 
2nd percentile, >85th percentile; 45.8%), while approxi-
mately a quarter of this sample would be considered 
obese (>95th percentile; 24.4%) using the body fat refer-
ence curve percentiles [37]. In terms of performance on 
the TGMD-2, children’s performance was relatively low, 
scoring in the 12th percentile overall. See Table 1 for full 
information.

Regression results
The first analysis examined locomotor percentile scores 
for the TGMD-2 with fat mass, fat percentage, and fat-
free mass as predictors. Fat mass, fat percentage, and fat 
free mass were entered, and the total variance explained 
was 23.1%, F(3, 241) = 24.10, p < .001. In the model only 
fat free mass (p < .001) contributed significantly. The final 
model also showed a one SD increase in fat free mass 
was associated with a .595 point decrease (p  < .001) in 
TGMD-2 locomotor skill percentile scores.

The second analysis examined object control percen-
tile scores for the TGMD-2 with fat mass, fat percentage, 
and fat free mass as predictors. The BIA variables were 
not correlated to the object control percentile scores, 
therefore when the BIA variables were entered, none 
of the variables contributed significantly to the model, 
fat free mass (p = .065), fat percentage (p = .661), fat 
mass (p = .455). In the regression model, total variance 
explained was 2.7%, F(3, 241) = 2.22, p = .086.

The third analysis examined the association between 
total TGMD-2 percentile scores with fat mass, fat per-
centage, and fat free mass as predictors. The BIA vari-
ables were entered, and the total variance explained was 
24.4% F(3, 241) = 25.90, p  < .001. The full model had a 
fat free mass (p < .001) as a significant predictor, with fat 
mass (p = .427), and fat percentage (p = .965) not con-
tributing significantly. The final model showed fat free 
mass was associated with a .595 point decrease (p < .001) 
in total TGMD-2 percentile scores.

Finally, multiple linear regressions were run for loco-
motor, object control skill and TGMD-2 percentile 
scores separately with CDC BMI as the predictor. For 
locomotor skills, the total variance explained by the 
full model was 8.4% F(1, 244) = 22.29, p  < .001). CDC 
BMI was a significant predictor (p < .001), and a one 
SD increase of BMI was associated with a .289 point 
decrease in locomotor percentile scores. For object 
control percentile scores, the total variance explained 

by the full model was 0.1% F(1, 244) = .136, p = .713). 
Similar to the BIA results, CDC BMI was not a signifi-
cant predictor (p = .713) and was not correlated with 
object control percentile scores. For total TGMD-2 
percentile scores, the total variance explained by the 
full model was 7.9% F(1, 244) = 20.86, p  < .001. CDC 
BMI was a significant predictor (p < .001), and a one 
SD increase was associated with a .281 point decrease 
in total TGMD-2 percentile scores. See Table 2 for full 
regression results.

Table 1 Descriptive information

Note: M (SD); 1Calculated from McCarthy et al. [37] for children over the age of 
5 years (total n = 168, boys n = 88, girl n = 76); *p <.05 sex differences

Total Boys Girls
n = 244 n = 130 n = 114

Age 6.05 (2.01) 6.09 (2.04) 6.00 (1.98)

Race (%)

 Caucasian 9.0% 10.0% 7.9%

 African American 71.7% 66.2% 78.1%

 Hispanic 16.8% 20.0% 13.2%

 Asian 1.6% 2.3% 0.9%

 Mixed Race 0.8% 1.5% 0.0%

Tanita Measures

 Fat mass (kg) 5.78 (4.90) 5.86 (5.17) 5.69 (4.59)

 Fat free mass (kg) 19.69 (6.03) 20.14 (6.55) 19.17 (5.35)*

 Fat percentage 20.53 (7.26) 20.40 (7.24) 20.68 (7.30)

 BMI 16.90 (3.88) 17.04 (3.67) 16.75 (4.12)

Body Fat  Percentile1 53.06 (37.40) 57.75 (37.80) 43.05 (38.09)

 Underfat 17.3% 14.8% 17.1%

 Normal weight 45.8% 39.8% 55.3%

 Overfat 12.5% 17.0% 6.6%

 Obese 24.4% 28.4% 21.1%

CDC-dervied measures

 BMI 17.34 (3.93) 17.60 (3.79) 17.46 (4.16)

 BMI Percentile 58.14 (33.34) 61.04 (32.91) 59.00 (32.38)

 Underweight 6.3% 5.5% 7.1%

 Normal weight 61.3% 61.4% 61.1%

 Overweight 11.7% 10.2% 13.3%

 Obese 20.8% 22.8% 18.6%

TGMD-2 total

 Raw scores 47.67 (14.12) 51.61 (14.81) 44.61 (12.86)

 Percentile scores 12.15 (16.43) 13.23 (17.58) 10.92 (15.00)*

Locomotor skills

 Raw Scores 21.6 (7.17) 22.69 (7.46) 21.17 (6.89)

 Percentile scores 9.71 (13.62) 10.88 (14.63) 8.37 (12.31)*

Object control skills

Raw scores 26.01 (8.50) 28.92 (8.80) 23.44 (7.40)*

Percentile Scores 11.88 (12.21) 12.28 (12.27) 11.41 (12.17)
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Discussion
The current project examined FMS associations, assessed 
by the TGMD-2, and body composition measurements 
(specifically body fat, fat percentage, and fat free mass) 
using BIA in children. A secondary aim was to examine 
the associations between FMS and BMI, to compare the 
results to the measurements taken from the BIA. Results 
indicated that different aspects of body composition were 
significantly associated with results from the TGMD-2. 
Specifically, significant associations were found between 
fat free mass and (1) locomotor skills and (2) total 
TGMD-2 scores. For BMI results, similarly both loco-
motor skills and total TGMD-2 scores were significantly 
associated with BMI. Object control skills were not sig-
nificantly associated with either BIA or BMI measures. 
In terms of variance explained for locomotor skills, BIA 
accounted for 23.1% of variance while BMI accounted for 
8.4%. For object control skills, only 2.7% (BIA) and 0.1% 
(BMI) of variance was explained and no weight variables 
included in this project contributed to the final model. 
For total TGMD-2 scores, BIA measurements accounted 
for 24.4% of the total variance and BMI accounted for 
7.9% variance in performance. These findings expand our 
current understanding of the relationship between body 
composition and FMS competency in children. The pre-
sent study utilized a process-oriented FMS assessment 
which evaluates how proficiently a skill is performed [38]. 
This type of assessment and a more nuanced evaluation 
of body composition may provide critical insight when 
FMS are developing.

There is ample evidence showing that motor perfor-
mance is negatively associated with higher weight in 
children [39, 40]. Lopes et al. [14] examined the effect of 
BMI on motor coordination in over 7000 children and 
adolescents. They found that children with low motor 
coordination (measured by a product-oriented assess-
ment) had a higher risk of being overweight or obese. 
Excess weight can create a morphological constraint for 
children to move against gravity, resulting in less effi-
cient movement patterns and more effort to displace 
body weight [41]. Constraints, which include those from 
the individual, task, and environment, can positively or 
negatively impact FMS development [42]. The negative 
constraints presented by excess weight can influence the 
proper execution of specific motor tasks, which may have 
a cascading impact on future movement behaviors, influ-
encing future movement in more context-specific tasks 
[43]. Longitudinal work by D’Hondt et  al. [40] further 
supports this assertion by providing evidence that over 
2 years, children with obesity fall further behind their 
normal weight peers in motor coordination activities 
(measured by a product-oriented assessment). However, 
gaps still exist in the present literature based on the type 
of FMS used (product- vs. process-oriented assessments) 
and how weight is measured.

In the present study, locomotor skills had a nega-
tive association with body composition; children who 
had higher amounts of fat free mass tended to do worse 
on tasks like running, jumping, hopping, or leaping, 
when measured with a process-oriented assessment 

Table 2 Results of Regression Analysis

β p F df R2 p

Locomotor Scores 24.10 3, 241 0.231 <.001

 Fat Percentage −.097 .504

 Fat Mass .230 .224

 Fat Free Mass −.595 <.001

Object Control 2.22 3, 241 0.027 .086

 Fat Percentage −.072 .661

 Fat Mass −.158 .455

 Fat Free Mass .207 .065

TGMD - 2 25.90 3, 241 0.244 <.001

 Fat Percentage −.006 .965

 Fat Mass .148 .427

 Fat Free Mass −.595 <.001

Locomotor Scores 22.29 1, 244 0.084 <.001

 CDC BMI −.289 <.001

Object Control .136 1, 244 0.001 .713

 CDC BMI .024 .713

TGMD - 2 20.86 1, 244 0.079 <.001

 CDC BMI −.281 <.001
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that examines how a skill is appropriately performed. 
Research related to physical activity and growth found 
that children who have higher fat free mass tend to have 
higher fat mass as well [44], which may explain why 
excess muscle mass in the present study may be detri-
mental to overall performance. These FMS require the 
transition of one’s entire body mass and/or center of 
gravity through space in a coordinated pattern [38, 43]. 
It is plausible that the rationale for the inverse relation-
ship between motor skill competence and weight status is 
due to the body’s inability to execute propulsion and sta-
bilization from increased weight in childhood. Therefore, 
increased fat free mass may negatively deter from profi-
ciently completing these types of tasks until children are 
able to better to coordinate limbs in rhythmical and con-
sistent movements as assessed by the process-oriented 
TGMD-2. Analyzing multiple components of weight 
through BIA allowed for more variance to be explained in 
performance on both the locomotor and total TGMD-2 
which may provide nuanced ways of understanding the 
relationship between weight and FMS performance.

Utilizing BMI, previous work that used product-ori-
ented assessments (i.e., an assessment which measures 
the outcome of a task) found that children who were 
obese tended to perform worse on jumping, balancing, 
and hopping tasks [13, 34, 45, 46]. Henrique et  al. [32] 
found that preschool children who performed better on 
locomotor skills, using the same process-oriented assess-
ment as the present study, tended to have lower levels of 
central obesity. Body fat percentage was also negatively 
associated with the TGMD-2 in 8-year-old children using 
the DXA [34]. The last results, which mirrors the pre-
sent findings, highlight that a field-based measure may 
yield similar results furthering the current literature and 
practicality of replicating this work. The opportunity to 
examine more detailed body composition measures in a 
field-based setting may yield valuable, clinical informa-
tion that could be used to screen more children, under-
stand different components of weight more holistically, 
and allow for tracking of measurements over time to help 
understand growth more accurately.

The present study showed no association with body 
composition and motor skills that entail manipulating 
and projecting objects: object control skills. Previous 
work has also found that body composition (i.e., BMI and 
waist-to-height ratio) was not significantly associated 
with specific object control tasks in preschool children 
[13, 32, 45]. This lack of association may be because many 
object control tasks are stationary and do not require a 
complete displacement of body weight, but rather the 
spatial and temporal timing of limb movements. How-
ever, this lack of association may also be due to meas-
urements, like BMI, not fully accounting for variance 

explained by different facets of body composition. Work 
by Matarma et al. [35] and Slotte et al. [34] found signifi-
cant differences in body composition and object control 
skills using BIA and DXA, respectively. Matarma et  al. 
[35] used BIA in young children and a product-oriented 
FMS assessment so no direct comparisons can be made 
to the skills measured from the present study; however, 
children who were overweight performed worse on body 
coordination and strength and agility tasks. In the other 
study, Slotte et al. [34] used the TGMD-2 to assess FMS 
and found that object control skills were significantly 
lower in overweight 8 year-olds compared to their normal 
weight peers by DXA measurement; however, this study 
found that fat free mass was not significantly associated 
with FMS performance. These mixed results from previ-
ous work and lack of associations found in the present 
study may indicate that the influence of body composi-
tion on object control skills may be dependent on the 
task itself, where some manipulation and projection of 
objects may not be influenced by excessive weight.

Total TGMD-2 scores were associated with fat free 
mass, likely reflecting the findings from the locomo-
tor subscale. An interesting result was comparing the 
amount of variance the BIA measures and BMI measures 
account for in FMS performance. BIA measurements 
accounted for 24.4% of the variance, while BMI only 
accounted for 7.9%. One consideration is that the present 
study utilized a process-oriented FMS assessment, which 
may be more sensitive to subtle changes in performance 
based on morphological constraints compared to prod-
uct-oriented assessments. Separating specific aspects of 
body composition may be imperative in addressing how 
morphological constraints may deter the acquisition of 
proficient movement patterns that contribute to FMS 
competency and how these can be overcome through 
modifications and continued practice. Previous work 
examining fat free mass and FMS in children is limited; 
further work may be needed using more nuanced body 
composition measurements to understand this finding in 
FMS fully.

An important consideration for the present study is 
that performance on the TGMD-2 in the present study 
was very low, children on average scored in the 12th 
percentile, and approximately one-fifth (according to 
BMI) to one-quarter (according to BIA) of the sample 
were already obese. This might be indicative of exces-
sive weight already negatively deterring performance 
on the TGMD-2, however, longitudinal work is needed 
to understand the directionality of this relationship and 
examine further the relative contributions body compo-
sition plays in FMS performance. Early intervention is 
needed as over time, the inability to demonstrate compe-
tency in these FMS may contribute to lower engagement 
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in play, games, and activities [43] which could conse-
quently contribute to excessive body weight and fat accu-
mulation. In addition, Jones, Okely, Caputi, and Cliff [47] 
showed that compared to normal weight peers, over-
weight children tended to have poorer FMS and poorer 
perceptions of their motor competence (ages 9–11 years) 
which may also deter future PA engagement, underscor-
ing the importance of understanding critical factors to 
FMS performance in early childhood.

This study has several limitations that warrant con-
sideration in interpreting the findings. First, this was a 
cross-sectional investigation, so directionality and cau-
sality of the associations cannot be determined. Sec-
ond, this study used BIA, which is a valid and reliable 
measure of body composition, but does have limitations 
including hydration status and muscle fiber composition, 
which may alter results. Third, the Tanita scale used in 
the present study does have an age limit of 5 years so we 
acknowledge this has not been validated in this specific 
population. However, this scale has been used in previ-
ous research in preschool-age children, and does pro-
vide a less invasive and cost-effective way to assess body 
composition in this population in a field setting. Con-
current validity is needed to validate a field-based BIA 
assessment with a gold-standard measure like DXA and/
or skinfold measurements regarding body composition 
in children under the age of five. Finally, other environ-
mental or individual variables likely contributed to FMS 
performance and future work should consider additional 
variables and the combination of process- and product-
oriented FMS assessment to better understand FMS 
competency more holistically in this age group. Further 
investigation is warranted on the influence of these par-
ticular body composition variables and their influence on 
FMS development and individual skill differences.

Conclusions
This study found that BMI may be limited in its ability 
to explain different performances on motor skill assess-
ments. A more nuanced measure of body composi-
tion, like BIA, may be more appropriate to examine and 
understand various types of motor skill performances in 
children, which are critical for overall health, particularly 
in reference to locomotor skills. This work found that 
BIA accounted for more variance in FMS performance 
than BMI, suggesting this field-based measure may be 
more appropriate for understanding body composition 
and its relationship to different types of FMS in children.

Abbreviations
BMI: Body mass index; FMS: Fundamental motor skills; BIA: Bio-electrical 
impedance analysis; DXA: Dual-energy X-ray absorptiometry; CDC: Centers for 

Disease Control and Prevention; TGMD-2: Test of Gross Motor Development – 
2nd edition.

Acknowledgements
Not applicable.

Authors’ contributions
EKW and LER were primary investigators on the project and conceptualized 
the study. EKW, LER coordinated and supervised data collection for the study; 
EKW and IS wrote the first draft of the manuscript. AS conceptualized and 
carried out the analysis plan. All authors contributed to the interpretation of 
findings and reviewed and revised the manuscript. Finally, all authors read and 
approved the final manuscript.

Funding
There are no funding sources associated with this project.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to lack of informed consent for data sharing at the time 
of collection, but are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
Auburn University Institutional Review Board #10–217 MR 1009 approved 
this study and written informed consent was provided by all parents or legal 
guardians, verbal assent was obtained for all children. All methods were car-
ried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1 Institute of Public and Preventive Health, Augusta University, 1120 15th 
Street, Augusta, GA 30912, USA. 2 School of Kinesiology, University of Michigan, 
830 North University, Ann Arbor, MI 48109-1048, USA. 

Received: 18 June 2021   Accepted: 23 September 2021

References
 1. Fryar CD, Carroll MD, Afful J. Prevalence of overweight, obesity, and 

severe obesity among children and adolescents aged 2–19 years: 
United States, 1963–1965 through 2017–2018. NCHS Health E-Stats; 
2020.

 2. Wing RR, Goldstein MG, Acton KJ, Birch LL, Jakicic JM, Sallis JF, et al. 
Behavioral science research in diabetes: lifestyle changes related 
to obesity, eating behavior, and physical activity. Diabetes Care. 
2001;24(1):117–23.

 3. Robinson LE, Daly CM, Wadsworth DD. Body mass index and blood pres-
sure in rural, low socioeconomic children. Health. 2013;5(8A3):91–5.

 4. Webster EK, Logan SW, Gray WN, Robinson LE. A cross-sectional study 
on the relationship between the risk of hypertension and obesity status 
among pre-adolescent girls from rural areas of southeastern region of the 
United States. Prev Med Rep. 2018;12:135–9.

 5. Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The relation of over-
weight to cardiovascular risk factors among children and adolescents: the 
Bogalusa heart study. Pediatrics. 1999;103(6):1175–82.

 6. Ajala O, Mold F, Boughton C, Cooke D, Whyte M. Childhood predictors of 
cardiovascular disease in adulthood. A systematic review and meta-
analysis. Obes Rev. 2017;18(9):1061–70.



Page 8 of 8Webster et al. BMC Pediatr          (2021) 21:444 

 7. Bryant ES, Duncan MJ, Birch SL. Fundamental movement skills and 
weight status in British primary school children. Eur J Sport Sci. 
2014;14(7):730–6.

 8. D’Hondt V, Deforche B, Vaeyens R, Vandorpe B, Vandendriessche J, Pion 
J, et al. Gross motor coordination in relation to weight status and age in 
5- to 12-year-old boys and girls: a cross-sectional study. Int J Pediatr Obes. 
2011;6:e556–64.

 9. D’Hondt E, Deforche B, Gentier I, Verstuyf J, Vaeyens R, Bourdeaudhuij I, 
et al. A longitudinal study of gross motor coordination and weight status 
in children. Obesity (Silver Spring). 2014;22(6):1505–11.

 10. Gentier I, D’Hondt E, Shultz S, Deforche B, Augustijn M, Hoorne S, et al. 
Fine and gross motor skills differ between healthy-weight and obese 
children. Res Dev Disabil. 2013;34(11):4043–51.

 11. Janssen I, LeBlanc A. Systematic review of the health benefits of physical 
activity and fitness in school-aged children and youth. Int J Behav Nutr 
Phys Act. 2010;7(40):1–16.

 12. Spessato BC, Gabbard C, Robinson LE, Valentini NC. Body mass index, per-
ceived and actual physical competence: the relationship among young 
children. Child Care Health Dev. 2013;39(6):845–50.

 13. Antunes AM, Freitas DL, Maia J, Hedeker D, Gouveia ÉR, Thomis M, et al. 
Motor performance, body fatness and environmental factors in preschool 
children. J Sports Sci. 2018;36(20):2289–95.

 14. Lopes VP, Stodden DF, Bianchi MM, Maia JA, Rodrigues LP. Correlation 
between BMI and motor coordination in children. J Sci Med Sport. 
2012;15(1):38–43.

 15. Okely AD, Booth ML, Chey T. Relationships between body composition 
and fundamental movement skills among children and adolescents. Res 
Q Exerc Sport. 2004;75(3):238–47.

 16. Southall JE, Okely AD, Steele JR. Actual and perceived physical com-
petence in overweight and nonoverweight children. Pediatr Exerc Sci. 
2004;16(1):15–24.

 17. Khalaj N, Amri S. Mastery of gross motor skills in preschool and 
early elementary school obese children. Early Child Dev Care. 
2014;184(5):795–802.

 18. Logan SW, Scrabis-Fletcher K, Modlesky C, Getchell N. The relationship 
between motor skill proficiency and body mass index in preschool 
children. Res Q Exerc Sport. 2011;82(3):442–8.

 19. Lopes L, Santos R, Pereira B, Lopes VP. Associations between gross motor 
coordination and academic achievement in elementary school children. 
Hum Mov Sci. 2013;32(1):9–20.

 20. Cheng J, East P, Blanco E, Kang Sim E, Castillo M, Lozoff B, et al. Obesity 
leads to declines in motor skills across childhood. Child Care Health Dev. 
2016;42(3):343–50.

 21. Huh D, Stice E, Shaw H, Boutelle K. Female overweight and obesity in 
adolescence: developmental trends and ethnic differences in prevalence, 
incidence, and remission. J Youth Adolesc. 2012;41(1):76–85.

 22. Robinson LE, Suminski RR, Perez G, Palmer KK, Irwin JM. Accuracy of 
self-reported height and weight in low-income, rural African American 
children. J Child Adolesc Behav. 2014:1–5.

 23. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Wei R, Mei 
Z, et al. CDC growth charts: United States. Advance data from vital and 
health statistics, no. 314. National Center for Health Statistics: Hyattsville 
(MD); 2000.

 24. Prentice AM, Jebb SA. Beyond body mass index. Obes Rev. 
2001;2(3):141–7.

 25. Freedman DS, Katzmarzyk PT, Dietz WH, Srinivasan SR, Berenson GS. 
Relation of body mass index and skinfold thicknesses to cardiovascular 
disease risk factors in children: the Bogalusa heart study. Am J Clin Nutr. 
2009;90(1):210–6.

 26. Lo K, Wong M, Khalechelvam P, Tam W. Waist-to-height ratio, body mass 
index and waist circumference for screening paediatric cardio-metabolic 
risk factors: a meta-analysis. Obes Rev. 2016;17(12):1258–75.

 27. Maynard LM, Wisemandle W, Roche AF, Chumlea WC, Guo SS, Siervogel 
RM. Childhood body composition in relation to body mass index. Pediat-
rics. 2001;107(2):344–50.

 28. Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, 
et al. Diagnostic performance of body mass index to identify obesity 
as defined by body adiposity in children and adolescents: a systematic 
review and meta-analysis. Pediatr Obes. 2015;10(3):234–44.

 29. Gallagher D, Andres A, Fields DA, Evans WJ, Kuczmarski R, Lowe WL Jr, 
et al. Body composition measurements from birth through 5 years: 
challenges, gaps, and existing & emerging technologies – a National 
Institutes of Health workshop. Obes Rev. 2020;21:e13033.

 30. Talma H, Chinapaw MJM, Bakker B, HiraSing RA, Terwee CB, Altenburg 
TM. Bioelectrical impedance analysis to estimate body composition in 
children and adolescents: a systematic review and evidence appraisal 
of validity, responsiveness, reliability and measurement error. Obes Rev. 
2013;14(11):895–905.

 31. Tyrrell VJ, Richards G, Hofman P, Gillies GF, Robinson E, Cutfield WS. Foot-
to-foot bioelectrical impedance analysis: a valuable tool for the measure-
ment of body composition in children. Int J Obes. 2001;25(2):273–8.

 32. Henrique RS, Stodden DF, Fransen J, Feitoza AH, Ré AH, Martins CM, 
et al. Is motor competence associated with the risk of central obesity in 
preschoolers? Am J Hum Biol. 2020;32(3):e23364.

 33. Lopes L, Santos R, Moreira C, Pereira B, Lopes VP. Sensitivity and specific-
ity of different measures of adiposity to distinguish between low/high 
motor coordination. J Pediatr. 2015;91(1):44–51.

 34. Slotte S, Sääkslahti A, Metsämuuronen J, Rintala P. Fundamental move-
ment skill proficiency and body composition measured by dual energy 
X-ray absorptiometry in eight-year-old children. Early Child Dev Care. 
2015;185(3):475–85.

 35. Matarma T, Lagström H, Hurme S, Tammelin TH, Kulmala J, Barnett LM, 
et al. Motor skills in association with physical activity, sedentary time, 
body fat, and day care attendance in 5-6-year-old children—the STEPS 
study. Scand J Med Sci Sports. 2018;28(12):2668–76.

 36. Dooley EE, Gabriel KP, Kohl HW III, Durand CP, Hoelscher DM, Byrd-Wil-
liams CE. Adiposity, cardiovascular, and health-related quality of life indi-
cators and the reallocation of waking movement behaviors in preschool 
children with overweight and obesity: an isotemporal data analysis. PLoS 
One. 2020;15(11):e0242088.

 37. McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM. Body fat reference 
curves for children. Int J Obes. 2006;30:598–602.

 38. Ulrich DA. Test of gross motor development. 2nd ed. Pro-Ed: Austin (TX); 
2000.

 39. Robinson LE, Stodden DF, Barnett LM, Lopes VP, Logan SW, Rodrigues 
LP, et al. Motor competence and its effect on positive developmental 
trajectories of health. Sports Med. 2015;45(9):1273–84.

 40. D’Hondt E, Deforche B, Gentier I, De Bourdeaudhuij I, Vaeyens R, Philip-
paerts R, et al. A longitudinal analysis of gross motor coordination in 
overweight and obese children versus normal-weight peers. Int J Obes. 
2013;37(1):61–7.

 41. Kakebeeke TH, Lanzi S, Zysset AE, Arhab A, Messerli-Bürgy N, Stuelb K, 
et al. Association between body composition and motor performance in 
preschool children. Obes Facts. 2017;10(5):420–31.

 42. Newell KM. Constraints on the development of coordination. In: Wade 
MG, Whiting HTA, editors. Motor skill acquisition in children: aspects of 
coordination and control. Dordrecht (NL): Martinus Nijhoff Publishers; 
1986. p. 341–60.

 43. Clark JE, Metcalfe JS. The mountain of motor development: a metaphor. 
In: Clark JE, Humphrey J, editors. Motor development: research and 
reviews. Reston (VA): NASPE Publications, vol. 2; 2002. p. 163–90.

 44. Westererp KR, Yamada Y, Sagayama H, Ainsle PN, Andersen LF, Anderson 
LJ, et al. Physical activity and fat-free mass during growth and in later life. 
Am J Clin Nutr. 2021;00:1–7.

 45. Castetbon K, Andreyeva T. Obesity and motor skills among 4 to 6-year-old 
children in the United States: nationally-representative surveys. BMC 
Pediatr. 2012;12(1):28.

 46. Chivers PT, Larkin D, Rose E, Beilin L, Hands BP. Low motor performance 
scores among overweight children: poor coordination or morphological 
constraints? Hum Mov Sci. 2013;32(5):1127–37.

 47. Jones RA, Okely AD, Caputi P, Cliff DP. Perceived and actual competence 
among overweight and non-overweight children. J Sci Med Sport. 
2010;13(6):589–96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Associations between body composition and fundamental motor skill competency in children
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Methods
	Body composition
	Fundamental motor skill competency
	Statistical analysis

	Results
	Regression results

	Discussion
	Conclusions
	Acknowledgements
	References


