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Featured Application: This study demonstrates that compartmental bioimpedance anal-
ysis, through the fat-to-muscle ratio, provides a simple and non-invasive method for
identifying individuals at risk of exercise deficit disorder related to motor competence
and physical fitness, as well as subsequent health risks. Consequently, it could be used
to individualize physical exercise programs or physical education classes focusing on
MC mastery and PF improvements based on muscle coordination and strength.

Abstract: This study aimed (1) to explore the association between body composition [fat-to-
muscle ratio (FMR), waist circumference (WC), and body mass index (BMI)] with motor
competence (MC) and physical fitness (PFI) in 7-year-old children; (2) to ascertain whether
FMR modifies the associations between MC and PF. A total of 164 children (7 yr) were
included. Anthropometric (fat and muscle mass were calculated with TANITA), motor
competence (CAMSA test) and physical fitness (1/2 mile run, handgrip strength, 10 x 5,
standing long jump, and sit and reach tests) variables were collected. FMR, WC and BMI
correlated negatively with MC (all between r < —0.333 and —0.183 and p < 0.05) and PFI
(all between r < —0.410 and —0.246 and p < 0.05) in all children. However, the associations
were stronger for FMR. In linear regressions analyses, only FMR was independently and
negatively associated with MC and PFI, explaining 12.6% and 20.9% of its variance, re-
spectively. Positive correlations between PFI and MC existed. Also, the association was
not modified by FMR levels, since in both groups (above and below FMR median), the
associations were maintained (p < 0.0001). However, the t-test showed that children with
higher FMRs have lower levels of MC (p = 0.005) and PFI (p < 0.0001). FMR may be the best
body composition parameter related to MC and PFI. Furthermore, the association between
MC and PFI is not modulated by FMR but children with higher FMRs show lower levels of
MC and PFIL.
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1. Introduction

The fat-to-muscle ratio (FMR) has been defined as the ratio of fat mass to muscle mass,
and has recently emerged as a simple and useful ratio to assess cardiovascular diseases [1]
and metabolic syndrome [2] in adults as well as in children [3]. FMR considers not only the
accumulation of fat mass but also skeletal muscle mass. In children, the negative effects of
an excessive accumulation of fat mass on physical fitness (PF) and motor competence (MC)
parameters are well known thanks to studies on BMI, the sum of skin-folds, and waist
circumference [4-6]. However, less attention has been paid to the positive role of muscle
mass related to fat mass in MC and PF [7].

PF is used as a set of measurable health- and skill-related attributes which refer to good
health or physical condition as a result of physical exercise [8]. Motor competence can be
defined as the collection of skills, abilities, and areas of knowledge that enable individuals
to tackle movement challenges across their lifespan [9], and involves the capacity to adjust
actions to different surroundings [10].

It is currently accepted that a correlation exists between PF (especially cardiorespira-
tory fitness and strength), and health [11-13] in childhood and adolescence; strong evidence
of there being a positive association between PF and MC [5,10,14] and PF and MC with
fat mass accumulation also exists [4-6]. Improvements in both PF and MC were observed
to substantially influence weight trajectories over time, although the direction of these
relationships is not clear [14]. On the other hand, little data exist regarding the role of the
fat-to-muscle ratio in body composition, MC and PF in children. The primary objectives
of this study were (1) to examine the relationship between body composition (FMR, WC,
and BMI) and MC and PF in 7-year-old children and (2) to determine if FMR influences the
relationship between MC and PF.

2. Methods
2.1. Participants

A total of 281 children were eligible for the PEHC (Physical Education Health and Chil-
dren) study [15]; 77 participants were excluded for different reasons, 40 were removed from
analysis because of missing data, and finally, 164 children were included in the final analysis
(81 boys and 83 girls; age 7.41 =+ 0.32 yr) between 2017 and 2018 (Figure 1). Participants
were recruited from schools in Cassa de la Selva and Salt, both in northern Spain.

The inclusion criteria at baseline were children between 7 and 8 years old in primary
school. The exclusion criteria were (1) evidence of chronic illness or chronic medication
use; (2) musculoskeletal or neurological disease.

This study was conducted in accordance with the Declaration of Helsinki and approved
by the Institutional Review Board of Dr. Josep Trueta Hospital (approved 17 July 2016).
Informed consent and assent were obtained from participants and their parents.
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Figure 1. Flowchart diagram.

2.2. Study Measures and Procedure
2.2.1. Anthropometrics

All anthropometric measurements were taken in the morning in a warm classroom,
with the children under fasting conditions, with an empty bladder, and wearing light
clothing. Additionally, the children had not exercised beforehand. Weight was measured
using a calibrated scale (Portable TANITA 240MA, Amsterdam, The Netherlands), and
height was measured with a Harpenden stadiometer (SECA SE206, Hamburg, Germany).
Body mass index (BMI) was calculated as weight in kilograms divided by the square of
height in meters. Waist circumference (WC) was measured at the umbilical level (the
midpoint between the lowest rib and the iliac crest) while the child was standing [16]. Body
composition (fat and muscle mass) was assessed using bioelectrical impedance (Portable
TANITA; 240MA, Amsterdam, The Netherlands). The fat-to-muscle ratio (FMR) was
calculated as the fat mass divided by the muscle mass [1].

2.2.2. Motor Competence

The Canadian Agility and Movement Skill Assessment (CAMSA) test was used to
examine motor competence (MC). The CAMSA test measures fundamental, combined, and
complex movement skills in a dynamic environment, taking into account the time spent to
perform each task [17]. Children who were able to accurately combine the speed and the
quality execution of skill components of the assessment obtained the highest MC score. The
same researcher analyzed the test recorded to video throughout to minimize interobserver
variability. The intra-subject coefficient of variation for measurements was found to be less
than 6%.

2.2.3. Physical Fitness

The physical fitness index (PFI) was used, and included the following: cardiorespi-
ratory fitness, upper body muscular strength, lower body muscular strength, and speed-
agility [11].
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Cardiorespiratory fitness (CRF) was assessed by means of a Y2-mile run test [18]. The
aim of this test was to complete the 800 m course, around 2 cones placed 40m apart, in
the quickest possible time. The total time taken to run %2 mile was recorded. Lower times
indicate better fitness.

Upper-body muscular strength (UBMS) was evaluated using a handgrip strength
test [19]. Children gradually squeezed an analog dynamometer (TKK 5001, Grip-A, Takei,
Tokyo, Japan) for at least 5 s. The grip span was set at 5.0 cm. Each hand was tested twice,
with the highest value for each hand recorded. The sum of these two values was then used
to determine upper-body muscular strength.

Lower-body muscular strength (LBMS) was measured using the standing long jump
test [20]. The children performed two jumps, aiming to jump as far as possible with their
feet together while maintaining an upright position. Then, the distance jumped from the
jump point to the heels was measured, and the best trial of two attempts was evaluated.

Speed-Agility (SP) was assessed using the 10 x 5 m shuttle test [20]. In this assessment,
children were required to sprint as quickly as possible between two lines spaced 5 m apart,
covering a total distance of 50 m. Lower times corresponded to better performance. The
test was conducted twice, with a 3 min rest between trials, and the fastest time was used
for analysis.

The physical fitness index (PFI) included the following: cardiorespiratory fitness,
upper-body muscular strength, lower-body muscular strength, and speed-agility [11]. It
was calculated as the sum of each item score for the four physical fitness tasks. Standardized
scores (z-scores) were calculated based on the mean of the entire sample within the same
age group. To ensure that higher scores consistently represented better performance, the
z-scores were adjusted accordingly. Each participant’s total test score was determined as
the average z-score across all test items they successfully completed [21].

2.3. Data Analysis

For the descriptive analysis, we computed the measures of central tendency and
statistical dispersion for quantitative variables. Additionally, we assessed Cohen’s d to
measure the standardized difference between two means (d in the results section). FMR
level differences were analyzed by the ¢-test. In order to further explore the results according
to FMR levels, the sample was split into two groups using the median value. To analyze the
correlations in all children between body composition (FMR, WC, and BMI), MC and PF],
Pearson’s correlation was used. A linear regression analysis was performed to adjust for
known body composition parameters (FMR, WC, BMI) as independent variables according
to sex, PFI and MC. Scatter plots are presented to show the association between PFI and
MC, as well as that between MC and FMR among the sexes. Finally, the histogram shows
the motor competence and physical fitness index frequencies among the FMR levels. The
significance level was set at p < 0.05. Statistical analyses were performed using SPSS
version 29 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Sample Participants

Table 1 shows anthropometric data as well as MC and PF results for the 164 children
included in the study (81 boys and, 83 girls). Girls had a higher fat mass (p = 0.04, d = 1.92)
and FMR (p < 0.01, d = 0.90) but lower muscle mass (p < 0.01, d = 2.32) and MC (p < 0.01,
d = 0.65) when compared with boys. Girls had worse physical conditions, showing lower
cardiorespiratory fitness (p < 0.01; d = 0.64), lower body muscle strength (p < 0.01; d = 0.61),
lower speeds (p < 0.01; d = 0.80) and lower PFI compared to boys (p < 0.01; d = 0.94).
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Table 1. Subjects’ characteristics.
Total (n=164) Boys(n=81) Girls(n=83) p-Value
Age (years) 741+ 0.32 741 +£0.32 741 +0.33 0.95
ANTHROPOMETRICS
Fat mass (Kg) 5.63 £2.70 519 £2.27 6.07 £3.01 0.04
Muscle mass (kg) 16.71 £ 2.57 18.67 = 1.63 1478 £1.72 <0.01
FMR (Kg) 0.34 £ 0.16 0.27 £0.11 0.40 £ 0.17 <0.01
WC (cm) 58.84 £ 6.12 58.82 £ 6.0 58.86 + 6.24 0.97
BMI_SDS (Kg/m?) —-0.21+0.84 -023+08 —-0.18+0.88 0.06
MOTOR COMPETENCE
MC (CAMSA points) 14.58 + 4.18 1591 +435  13.29 +3.59 <0.01
PHYSICAL FITNESS
CRF (min) 523 £0.76 498 £0.73 5.44 £ 0.70 <0.01
UBMS (Kg) 20.09 £+ 4.34 20.66 £3.82  19.53 + 4.67 0.09
LBMS (m) 9553 £1660  rot  9072+£1423 <001
SP (min) 25.17 +2.58 2427 £239  26.03 £247 <0.01
PFI (points) —-017 +2.74 097 £225 —1.26 +2.46 <0.01

Data are represented as mean + SD. Differences between sex were examined by Student’s t-test. The signif-
icance level (p-value) is set at 0.05, and significant values are marked in bold. Abbreviations: FMR = fat-to-
muscle ratio; WC = waist circumference; BMI_SDS: body mass index standardized; MC = motor competence;
CREF = cardiorespiratory fitness; UBMS = upper-body muscular strength; LBMS= lower-body muscular strength;
SP = speed; PFI = physical fitness index.

3.2. Associations Between Body Composition, Motor Competence and Physical Fitness Index

Table 2 shows that the FMR, WC and BMI correlate negatively with MC (all between
r < —0.333 and —0.183 and p < 0.05) and PFI (all between r < —0.410 and —0.246 and
p < 0.05) in all children. However, the associations are stronger for FMR, which, unlike WC
and BMI, takes muscle mass into consideration.

Table 2. Pearson’s correlation between body composition (FMR, WC and BMI), motor competence
and physical fitness index in all children.

FMR WC BMI
Motor competence (CAMSA points) —0.333 ** —0.192 * —0.183 *
Physical fitness index (points) —0.410 ** —0.246 * —0.322 **

Pearson’s correlation was used. The significance level is set at ** p < 0.01, * p < 0.05, and significant values are
marked in bold. Abbreviations: FMR = fat-to-muscle ratio; WC = waist circumference; BMI = body mass index.

Furthermore, Figure 2 shows that FMR is more strongly correlated with MC
(r = —0.390, p < 0.01) and PFI (r = —0.577, p < 0.01) in boys than in girls. Therefore,
the correlation between FMR and MC and PF is modulated by sex.

According to the regression analyses, after adjusting for sex and age, FMR is indepen-
dently associated with MC and PFI, explaining 15,8% (p = 0.01) and 26,5% (p < 0.01) of its
variability, respectively (Table 3A). In the same way, WC is independently associated with
MC and PFI, explaining 15.0% (p = 0.01) and 25.6% (p < 0.01) of its variability, respectively
(Table 3B). Finally, BMI is independently associated with MC and PFI, explaining 13.9%
(p=0.03) and 28.4% (p < 0.01) of its variability, respectively (Table 3C). Furthermore, in three
models, sex is an independent variable for MC (p < 0.05) and PFI (p < 0.01). Interestingly,
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only FMR is independently and negatively associated with MC and PFI, explaining 12.6%
(p <0.01) and 20.9% (p < 0.01) of its variance, respectively (Table 3D).
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Figure 2. Scatter plots for MC and FMR between sexes. p-values are from Pearson’s correlation. The
significance level is set at ** p < 0.01 and * p < 0.05.

Table 3. Linear regression analyses for PFI and MC as dependent variables (n = 164). (A) FMR as
an independent variable; (B) WC as an independent variable; (C) BMI as an independent variable.

(D) FMR, WC and BMI as independent variables.

(A) MC PFI
B P B |4
Sex —0.229 0.05 —0.285 <0.01
Age 0.083 0.26 0.172 0.01
FMR —0.237 <0.01 —0.294 <0.01
Total R? 0.158 0.265
(B) MC PFI
B P B |4
Sex —0.327 <0.01 —0.400 <0.01
Age 0.079 0.29 0.187 0.01
WC —0.195 0.01 —0.254 <0.01
Total R? 0.150 0.256
Q) MC PFI
B P B |4
Sex —0.311 <0.01 —0.392 <0.01
Age 0.092 0.23 0.161 0.02
BMI —0.165 0.03 —0.292 <0.01
Total R? 0.139 0.284
(D) MC PFI
B P B |4
FMR —0.571 <0.01 —0.621 <0.01
WC 0.033 0.85 0.088 0.59
BMI 0.268 0.17 0.130 0.48
Total R? 0.126 0.209

Linear regression analysis was used. p-values are from the linear regression analysis using the stepwise method.
The significance level is set at 0.05, and significant values are marked in bold. Abbreviations: FMR = fat-to-muscle
ratio; WC = waist circumference; BMI = body mass index; PFI = physical fitness index; MC = motor competence.
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3.3. FMR Does Not Modify the Associations Between MC and PFI

Figure 3 depicts the association between PFI and MC. As can be seen, the association is
not modified by FMR levels, since in both groups, the association is statistically significant
in children with high FMRs (r = 0.526; p < 0.01) and in the children with low FMRs
(r=0.549; p < 0.01).
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Figure 3. Scatter plots for MC and PFI. Dotted and dashed lines depict children with high FMRs
(above p50) while squares and straight lines depict children with low FMRs (below p50). p values are
from Pearson’s correlation.

However, the t-test (Table 4) and histogram (Figure 4) showed that children with
higher FMRs have lower MC (p = 0.01) and PFI (p < 0.01). With regard to, the diminished
PFI in children with higher FMRs was only maintained in boys (p = 0.01).

Table 4. t-test for motor competence and physical fitness index according to FMR level and sex.

Low FMR High FMR
n="74 n=82 P
15.55 +4.52 13.71 £+ 3. .01
All children MC 5.55 5 3 3.66 0.0
PFI 0.82 +2.64 —1.08 £ 2.51 <0.01
MC 16.10 + 4.60 15.73 £ 4.18 0.71
Boys
PFI 2.04 + 217 —0.40 £2.50 0.01
. MC 13.29 + 3.78 13.30 + 3.42 0.99
Girls
PFI —0.92 +2.35 —1.61 £254 0.21

Differences between FMR groups were examined by Student’s t-test. The significance level (p-values) is set at 0.05,
and significant values are marked in bold. Abbreviations: FMR = fat to muscle ratio; MC = motor competence;
PFI = physical fitness index.
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Figure 4. Histogram for (A) motor competence among FMRs for all children; (B) physical fitness
among to FMRs for all children; (C) physical fitness among FMRs in boys. p values are from the t-test.

4. Discussion

The main findings of the present study were that FMR, compared to WC and BMI,
showed the strongest association with MC and PFI in all children. The association between
MC and PFI was positive despite the FMR. However, children with higher FMRs showed
lower MC and PFL

4.1. Relations Between Body Composition, Motor Competence and Physical Fitness Index

Our results showed that FMR is more strongly and negatively related to MC and PFI
than WC and BMI. Traditional anthropometric indicators, such as BMI and WC, measure
body fat. However, the differences in BMI in overweight/obese young people are mainly
explained by the fat mass [6]; on the other hand, in thinner children, the differences in BMI
may be largely due to lean mass [22], including body water, smooth and skeletal muscle
mass, and bones [23]. WC assesses central body fatness. Both, even if they are the most
commonly used in relation to health, only consider the effect of fat on metabolism, ignoring
other tissues, such as skeletal muscle [24].

Fat mass is known to provide important information about body fat gain and is
associated with an increased risk of diseases such as obesity, cardiovascular disease, type
2 diabetes, and hypertension, among others [25]. Likewise, skeletal muscle provides
information about physical performance [26], posture maintenance, and body movement
in adults, children, and adolescents [27]. In addition, fat-free mass with a high amount of
muscle mass has been shown to reduce the negative results of fat mass [24].
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Skeletal muscle constitutes approximately 40% of total body mass and plays a pivotal
role in metabolic health, not only by regulating lipid and glucose metabolism [28] but also
by producing myokines, which are partly dependent on skeletal muscle contraction [29].
As a contractile tissue, muscles facilitate neuromuscular activities such as motor skills,
which are crucial for motor competence and physical fitness. Moreover, muscle function
is understood not in isolation but within the framework of the bone-muscle—fat crosstalk,
where the metabolic interactions among these tissues are interdependent, and mediated
by autocrine, paracrine, and endocrine mechanisms [24]. Excess fat mass is known to
affect bone metabolism both positively and negatively. On a positive note, adipose tissue
acts as an endocrine regulator, secreting hormones and cytokines that can influence bone
metabolism, particularly during early childhood. However, over time, this relationship
weakens and reverses, with excess fat mass—especially when accompanied by adverse
metabolic changes—contributing to negative effects on skeletal structure and strength, in
addition to increasing the mechanical load on bones [30].

Multiple factors influence PFI, but one of the strongest is skeletal muscle function, not
just because of the increased energy consumption, but also due to the amount of muscle
mass that generates intensive crosstalk between organs and tissues, partly through the
secretion of myokines. Some examples are (a) muscle-muscle crosstalk, explained by
Musclin, LIF, IL-4, IL-6, IL-7, and IL-15 promoting muscle hypertrophy, and Myostatin
which inhibits muscle hypertrophy; (b) muscle-brain crosstalk induced by Cathepsin B
and Irisin, which cross the blood-brain barrier and stimulate BDNF production, leading to
hippocampal neurogenesis, involved in the voluntary movement, and IL-6, stimulating
appetite, therefore promoting energy gain; (c) muscle-adipose crosstalk, for lipolysis and
for achieving decreased visceral fat mass through IL-6, with Irisin, meteorin-like, and IL-6
also having a role in the “browning” of white adipose tissue; (d) muscle-bone crosstalk,
which is closely related with Decorin, IL-6, IGF-1, and FGF-2, which positively regulate bone
formation; and finally, (e) muscle-gut crosstalk, involving Angiogenin, osteoprotegerin,
and IL-6 possess pancreatic 3-cell protective actions, and IL-6, which increases insulin
secretion from the intestine [31]. We herein show that FMR could be the most valid body
composition predictor, in relation to MC and PFI, because it includes both, fat and skeletal
muscle tissue.

Despite the substantial influence of both motor competence (MC) and physical fitness
(PFI) on weight trajectories over time, the direction and magnitude of these relationships
remain unclear [14]. Our results indicate that the fat mass ratio (FMR) explains greater
variability in MC and PFI compared to waist circumference (WC) and body mass index
(BMI). Since seven-year-old children are in the prepubertal stage, sex differences in fat and
muscle mass accumulation due to hormonal influence are not yet present [32]. However,
sexual dimorphism in fat distribution and adiposity can be observed at as early as 7 years
of age, with girls generally having higher fat mass and boys exhibiting greater lean body
mass [33]. These differences may influence motor competence and physical fitness, as boys’
higher lean mass could enhance performance in dynamic motor tasks, while the greater fat
mass in girls may present challenges in similar activities. In the same way, our findings
show that FMR is lower in boys than in girls, while both PFI and MC being higher in boys.

A systematic review by Bolger et al. [34] concludes that, although biological factors
contribute to MC development, gender differences in physical fitness and skill acquisition
are significantly influenced by environmental and behavioral factors. Telford et al. [35] high-
light that physical activity and sports experiences differ between boys and girls, with boys
engaging in more frequent and vigorous activities. Additionally, boys are more involved
in activities that emphasize object control, such as ball games and throwing exercises,
while girls tend to participate more in activities focused on balance and coordination in
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locomotion skills [36]. Interestingly, the components of motor competence that best predict
health-related fitness, including body weight trajectories, also vary by gender. For girls,
locomotor skills are the most consistent predictors of overall physical fitness, while boys
show strong associations between both locomotor and manipulative skills [37].

4.2. The Associations Between MC and PFI in Acordance with FMR

Studies assessing body weight status with MC and PFI show that parameters based on
fat accumulation—BMI and WC values—are negatively correlated with PFI and MC [4,6,38].
Our results align with previous findings, and add to the research by showing that the
association between MC and PFl is positive despite the FMR.

There is strong evidence for a positive association between MC and PF, specifically
musculoskeletal fitness (strength) and cardiorespiratory fitness (endurance) [39]. This is
because mastery of MC in a vigorous physical activity context (eg. sport) requires a high
level of PF, including endurance (CRF), strength (UBMS, LBMS), and speed-agility [40]. The
relative importance of these physical qualities depends on the skills (locomotion and control
skills) involved in each particular action. Considering that MC is a complex parameter,
defined as the sum of skills required to adapt to an environment, Barnett et al. [41] showed
that healthy weight status is related to only certain MC skills. Children with a higher
fat mass than muscle mass could face more difficulties with this functional movement.
For example, excessive fat mass might be a morphological constraint hindering efficient
locomotor performance because it makes it difficult to transport the body through space.
On the other hand, object manipulation performance might not be significantly predicted
through body composition when it is not performed simultaneously with locomotion skills.
Cattuzzo et al. [4] state that the development of motor competence is linked directly to
neuromuscular function and physiological adaptations, and is indirectly conditioned via
physical activity participation and other factors.

In this way, children with mastery in MC could have more muscle mass and bet-
ter muscular function (biomechanics and metabolic), which may support their skeletal
structures and regulate the intensive crosstalk between muscle, bone and fat metabolism
through myokines, osteokines and adipokines [24], implying increases in PFI and metabolic
health parameters. This is consistent with our evidence, which shows that MC is positively
associated with PFI independently of the FMR level, and that children with higher FMRs
show lower levels of MC and PFL

The abovementioned results may suggest another paradigm based on the FMR. In
our proposal, the role of skeletal muscle contraction is a determining factor regarding
increasing physical fitness and health, because of the production of myokines [29]. Skeletal
muscle is recognized as a highly energy-demanding tissue, significantly contributing to the
basal metabolic rate. Enhancing muscular fitness may indicate increases in skeletal muscle
mass, improvements in muscle metabolic efficiency (such as enhanced lipid oxidation and
glucose transport capacity), or a combination of both, leading to higher total daily energy
expenditure [42].

These results suggest that improving motor competence could be a regulator of body
composition. The underlying explanations could be related to (a) the improvement in the
skeletal muscle’s efficiency (metabolic) and efficacy (neuromuscular), and (b) the mastery
of motor skills, which will provide an individual the opportunity to participate in moderate
and vigorous physical activity contexts that are highly metabolically demanding.

4.3. Featured Applications

Therefore, educational programs should design interventions aimed at improving
motor competence, with a focus on muscular coordination and strength. Integrated neu-
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romuscular training, centered on fundamental motor skills, could be an effective strategy
for regulating body composition in 7-year-old children. Additionally, gender and con-
textual sports opportunities should be considered to tailor physical exercise programs to
individual needs.

4.4. Limitations

The results of this study should be interpreted in light of two main limitations. First,
the sample is relatively homogeneous, as all children live in Salt and Cassa de la Selva and
are of the same age, which limits the generalizability of the findings to other populations.
Second, this study used two-frequency bioimpedance devices—offering more detailed
measurements than single-frequency devices—and accounted for factors influencing the
results (such as body temperature, hydration status, and physical activity). However, other
body composition methods should be used to complement the measurements of fat and
muscle mass.

5. Conclusions

In conclusion, although BMI and waist circumference are usually used to measure
weight status, FMR may be the best body composition parameter related to MC and PFIL.
Despite the association between MC and PFI not being modulated by FMR, children with
higher FMRs show lower levels of MC and PFI. Further studies are needed to consider the
interrelation between fat and muscle mass with regard to improvements in MC, PF, and
body composition in 7-year-old children.
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