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Abstract

Background: Quantitative analysis of echo intensity (EI) is a reliable method for discriminating between normal and
neuromuscular disease-affected muscles in children. However, the effects of increased skeletal muscle fat mass and total body fat
mass in healthy preschool children are yet to be determined. The purpose of this study was to compare the EI of skeletal muscles
and local fat accumulation in healthy preschool children by gender and body shape using ultrasonography.

Methods: Three- to six-year-old children (145 boys and 122 girls) without any known neuromuscular disorder were included in
this cross-sectional research, during the period of 2015 to 2018 in Miyazaki prefecture, Japan. Anthropometry, body composition,
and EI of the biceps brachii muscle (BB) and quadriceps femoris (RF) muscle were measured by ultrasonography. Differences in
anthropometric measurements and body composition divided by two types of criteria using age and sex-specific percentiles were
analyzed using two-way ANOVA (P<0.05).

Results: EI at the BB of overweight children (above 90th percentile) was 9.82+3.76 for boys and 10.87%3.69 for girls. EI at the
BB of normal children (10th-90th percentile) was 6.02+2.62 for boys and 6.53+2.92 for girls. EI at the BB of thin children (below
10th percentile) was 5.61+2.17 for boys and 6.52+3.49 for girls. EI at the BB of overweight children is higher than normal and
thin children (P<0.001). EI at the RF of overweight children (above 90th percentile) was 16.97+5.12 for boys and 18.84+3.41
for girls. EI at the RF of normal children (10th-90th percentile) was 15.32£4.55 for boys and 16.20+3.98 for girls. EI at the RF
of thin children (below 10th percentile) was 14.94+3.90 for boys and 14.58+4.94 for girls. EI at the RF of overweight children is
higher than normal and thin children (P=0.024). These results were also similar for the groups created using the 25th and 75th
percentiles, with the above 75th percentile group showing clearly higher values of EI.

Conclusions: Our results suggested that the accumulation of adipose tissue within skeletal muscle varies with the degree of
obesity. It seems reasonable to conclude that an extreme increase in body fat might be linked to higher visceral and skeletal muscle
fat (ectopic fat content).
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1. Introduction

Childhood obesity has emerged as an important
public health issue worldwide and is a crucial
determinant of obesity risk (1, 2). In the last two
decades, the prevalence of overweight has increased
2.6 times (from 5.0% to 12.9%) in Japanese boys and
2.5 times (from 5.0% to 12.5%) in Japanese girls, as
assessed by using body mass index (BMI) (from 5
to 18 years old) (3). The factors responsible for the
escalation in the rate of obesity include extreme and
rapid changes in lifestyle, physical activity, and diet
that accompany urbanization and rapid economic
development. In other words, prolonged periods
of inactivity coupled with reduced exercise time
have led to a sedentary lifestyle. Furthermore, an
increase in high-fat food intake has also contributed
to the global increase in obesity (4). Previous studies

exploring the correlation between BMI levels
and obesity among children indicated that being
overweight in childhood is related to subsequent
obesity in adulthood, which, in turn, is associated
with a higher risk of morbidity and mortality (2,
5-7). Additionally, we found that obese preschool
children (>90th percentile of age- and sex-specific
BMI) had increased visceral fat (preperitoneal fat
thickness, Pmax) with higher BMI values, ie., a
greater tendency toward obesity (8).

In recent years, ectopic fat, as well as visceral
fat, has been identified as fat that affects health,
one of which is skeletal muscle fat. Muscle biopsy
and magnetic resonance imaging (MRI) are the
traditional methods used for quantifying muscles
and understanding muscular pathologies. Both
of these techniques are unsuitable for use in
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children, as biopsy is an invasive procedure, and
MRI often requires sedation, in addition to being
a time-taking procedure. Echo intensity (EI)
using ultrasonography has recently been used as
a method to measure skeletal muscle fat content.
Stock and colleagues (9) showed that EI is a new
and promising tool to examine skeletal muscle fat
quality, even though some areas will show sufficient
evidence in the future.

Ultrasonography is a noninvasive, portable,
and sedation-free option for visualizing muscles
in children. It is well known that disrupted
muscle architecture and fat infiltration lead to an
increased EI (echogenicity index) of muscle on
ultrasonography (10). Grayscale analysis, based
on a histogram, calculates the average gray value
of the muscle region of interest and can be used
to quantify EI (11). Quantitative analysis of EI
and muscle thickness (MT) is a reliable method
for distinguishing between normal musculature
and neuromuscular diseases in children (12).
On ultrasound images, normal muscle tissue is
expected to have alow EI, appearing black. However,
El increases due to fat infiltration into muscle
tissue caused by decreased physical activity, as well
as fibrosis caused by neuromuscular diseases, and
such muscles appear white on ultrasound images.
In a previous study, we showed that EI in healthy
adult men without exercise habits was significantly
higher than that in those with exercise habits (13).
We also found that habitual exercising reduced
EI (14). Previous study suggested that low levels
of physical activity may lead to excess skeletal
muscle fat content in the calves and thighs of
children (15). However, it is still unclear whether
total fat accumulation (whole or visceral) in early
childhood affects skeletal muscle fat content and
the relationship between the three.

The purpose of this study was to compare the
EI of skeletal muscles and local fat accumulation in
healthy preschool children, categorized by gender
and body shape (thin, normal, and overweight),
using ultrasonography.

2. Methods
2.1. Participants

We conducted a quantitative evaluation
for measuring the participants. We recruited

healthy children from the same kindergartens
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in Miyazaki prefecture, Japan for this study. An
explanation of the experiment was given to the
parents of approximately 350 children in the
kindergarten. Participation in the measurement
was voluntary, and informed consent was
obtained from the parents of 301 children before
the study commencement. The data used in this
analysis were obtained from a cross-sectional
sample of 267 participants, including 145 boys and
122 girls between the ages of three and six years
during the period of 2015 to 2018. We excluded
34 children from the study who had missing
data for the exposure and outcome variables. All
participants were free of serious diseases, family
history of neuromuscular and physical growth
disorders, as well as any known pathologies or
physical handicaps. This study was conducted
in compliance with the Declaration of Helsinki,
Ethical Guidelines for Clinical Research, and Act
on the Protection of Personal Information. Ethical
approval for this research was obtained from the
Research Ethics Committee of Aichi University
of Education, Japan. The children were divided
into different age groups based on their age at
the time of measurement. For instance, children
aged between 3.0 and 3.9 years, on the date of
measurement, were included in the 3-year group.

In this study, we classified the groups according
to the percentile (%ile) value of each sex and age
group classified by body fat percentage (%fat)
values. In other words, the %fat values were
arranged by group. We used %fat value instead of
BMI to more strongly reflect the rate of body fat
accumulation of the whole body. We used two
types of criteria using percentiles to classify body
types. The reason for this was that the classification
criteria of body shape (thin and overweight)
depended on the country and research articles (16),
and we also wanted to compare El according to the
degree of body shape. The normal-fat content group
consisted of children with %fat between 10th and
90th %ile, the low-fat content group (thin group)
contained individuals having %fat below 10th %ile,
and the high-fat content group (overweight group)
consisted of participants with %fat above 90th
%ile, for both boys and girls. Further dividing the
children into three groups using quartile ranges,
we classified the reference-fat content group as
having %fat between 25th and 75th %ile, the low-
fat tendency group as having %fat below 25th %ile,
and the high-fat tendency content group as having
%fat above 75th %ile.
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2.2. Measurements

All measurements were carried out in a room
with a temperature of approximately 23°C after at
least one hour of eating, with the subjects wearing
thin undergarments. Height was measured to
the nearest 0.1 cm with a height meter and body
weight was measured to the nearest 0.02 kg using
a calibrated balance-beam scale. BMI (kg/m?)
was calculated using the formula: body weight/
height®>. The upper arm, thigh, and abdominal
circumferences were measured with a metric
plastic tape while the children stood upright. The
upper arm circumference was measured at the
biceps brachii as two-thirds of the distance from
the acromion to the antecubital crease of the right
arm. The thigh circumference was measured at the
quadriceps femoris as the distance between the
midpoint of the anterior superior iliac spine and
the proximal end of the patella. The abdominal
circumference was measured at the horizontal
navel position. All anthropometric measurements
were carried out by a trained examiner according
to accepted standard techniques (17).

Body composition was estimated using a two-
component model. Impedance was determined
using a four-terminal impedance analyzer (AO-90,
Applied Office, Japan). During the measurements,
the participants wore no shoes or socks and were
laid in a supine position on a bed with their limbs
extended away from the trunk of their body. After
cleaning all skin contact areas with alcohol, current
electrodes (Red Dot-2330; 3M Health Care, USA)
were placed on the dorsal surfaces of the distal
metacarpals and metatarsals of the right hand and
right foot, respectively. Detector electrodes were
also applied at the right pisiform prominences
of the wrist and between the medial and lateral
malleoli of the ankle. The bioelectrical impedance
analyzer generated an excitation current of 500
mA at a single frequency of 50 kHz. The fat-free
mass (FFM, kg) was calculated using the equation
of Masuda and Komiya (18), and the age- and
gender-specific constants for the total body water
(TBW) component (hydration) of FFM in children
were calculated via the equation by Fommon and
colleagues (19). Furthermore, fat mass (FM) was
calculated as the difference between body weight
and FFM.

Ultrasound images of the anterior upper arm
and anterior thigh were obtained using a B-mode
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ultrasonography device (SDD-Prosound2, Aloka,
Japan), based on the study by Pillen and colleagues
(12). The measurement was set at a 53 dB gain and
was done using a linear transducer of 7.5 MHz.
All ultrasound measurements were performed
by one skilled measurer who was proficient and
had several accepted research articles on skeletal
muscle fat content. The participants were asked to
lie on the bed in a supine position and relax. The
transducer was placed perpendicular to the muscle
at the predefined circumference measurement
points. The pressure of the transducer on the skin
was minimized by using a large amount of contact
gel. Muscle and subcutaneous fat thicknesses were
measured using an electronic caliper included
in the ultrasonography device. For the anterior
upper arm, the distance from the skin to the
boundary between the subcutaneous fat and the
biceps brachii muscle was measured as the upper
arm subcutaneous fat thickness (mm). Similarly,
for the anterior thigh, the distance from the skin
to the boundary between the subcutaneous fat
and rectus femoris muscle was measured as the
thigh subcutaneous fat thickness (mm). The target
muscle for measuring the EI of the anterior upper
arm was the biceps brachii muscle, and that of
the anterior thigh was the rectus femoris muscle.
Measurements of EI for a single site were taken
at least twice, and the average value was used as
the measurement result. The mean EI was defined
using a calculated 8-bit grayscale analyzer with
standard histogram functions using Adobe
Photoshop Elements (Adobe, USA). For each image,
the software was used to select the largest possible
region of the target muscle, not including the bone
or fascia, and the mean EI (pixels) in each region
was calculated (black=0, white=255). Each image
was analyzed multiple times, and the intraclass
correlation coefficient for these analyses was 0.99.

The thickness of the preperitoneal and
subcutaneous fat layers was measured using the
abdominal ultrasonography method described
by Suzuki and co-workers (20). All images were
scanned longitudinally from the xiphoid process
to the umbilicus using an ultrasonography device.
Scanning was performed in the optimal position
according to previous literature (20), and images
were taken with the liver surface almost parallel
to the skin during breath-holding. The probe
was touched as lightly as possible to prevent
compression of the fat layer, as well as for the upper
arm and thigh images. The maximum thickness
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of the preperitoneal fat layer (Pmax) and the
minimum thickness of the subcutaneous fat layer
(Smin) were measured directly on the screen with
the help of an electronic caliper.

2.3. Statistical Analysis

No statistical sample size calculations were
conducted. SPSS version 27.0 (IBM, Japan) was used
to conduct all statistical analyses in this study. The
measurement results were presented as mean values
and standard deviations. Differences in sex, age,
and percentages of physical characteristic variables
were examined using t-tests between the two
groups and ANOVA for the rest. Differences were
considered significant at P values less than 0.05. The
interrelationships between each measurement were
investigated using Pearson’s correlation coefficients.

Furthermore, we structured our paper in
accordance with the STROBE Checklist for cross-
sectional studies (21).

3. Results

The study included 3-6 years healthy children,
and we excluded those with incomplete data for
the exposure and outcome variables (28 out of 301
children were excluded). These excluded subjects

were unable to complete all the measurements,
and thus were shown as excluded. Table 1 presents
the physical characteristics and body composition
of the study participants categorized by gender.
There were no gender-related differences in
anthropometric characteristics, such as age (boys:
65.5+10.1, girls: 65.2+10.1, P=0.844), height (boys:
109.7+6.9, girls: 108.7£6.3, P=0.225), weight
(boys: 19.04+3.66, girls: 18.63+3.19, P=0.333),
BMI (boys: 15.7+1.6, girls: 15.7£1.6, P=0.905),
and the upper arm (boys: 16.0+1.4, girls: 16.3+1.5,
P=0.097) and thigh circumferences (boys:
30.9+3.5, girls: 32.1+3.3, P=0.005). However,
girls exhibited significantly higher fat content
than boys, including higher FM (boys: 3.73+1.78,
girls: 4.60+1.65, P<0.001), as well as thickness of
abdominal (Pmax, boys: 3.66+1.31, girls: 4.16+1.54,
P=0.005) and subcutaneous fat layer (Smin, boys:
2.77%1.54, girls: 3.53£1.67, P<0.001). In contrast,
EI values were not significantly different between
the two genders (BB, boys: 6.35£2.93, girls:
6.96+3.30, P=0.110; RF, boys: 15.44+4.55, girls:
16.30+4.11, P=0.110).

Table 2 shows the results of fat content indices
divided by quartile ranges of fat percentage
for boys and girls, while Table 3 shows the
results divided by the 10th percentile and
90th percentile for boys and girls, respectively.

Table 1: Comparison of physical characteristics with statistical data for gender-related differences

Boys Girls Sex, P
Subject number 145 122
Age, month 65.5 +10.1 65.2 +10.1 0.844
Height, cm 109.7 +6.9 108.7 +6.3 0.225
Weight, kg 19.04 +3.66 18.63 +3.19 0.333
Body mass index, kg/m? 15.7 *1.6 15.7 +1.6 0.905
Circumference
Abdminal, cm 50.7 +4.4 50.3 +4.0 0.443
Upper Arm, cm 16.0 +1.4 16.3 +1.5 0.097
Thigh, cm 30.9 +3.5 32.1 +3.3 0.005
Fat-free mass, kg 15.31 +2.09 14.02 +1.75 <0.001
% 81.2 +4.9 75.9 +4.5 <0.001
Fat mass, kg 3.73 +1.78 4.60 +1.65 <0.001
% 18.8 +4.9 24.1 +4.5 <0.001
Abdminal fat layer
Subcutaneous fat layer, mm 2.77 +1.54 3.53 +1.67 <0.001
Preperitoneal fat layer, mm 3.66 +1.31 4.16 +1.54 0.005
Subcutaneous fat layer
Upper arm, mm 2.06 +0.84 2.39 +0.99 0.004
Thigh, mm 5.26 +1.66 6.30 +1.79 <0.001
Muscle echo intensity
Biceps brachii muscle, pixel 6.35 +2.93 6.96 +3.30 0.110
Rectus femoris muscle, pixel 15.44 +4.55 16.30 +4.11 0.110
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Table 2: Comparison of fat content and muscle thickness by ultrasonography divided by 25th and 75th percentiles of body fat percentage

Boys Girls Sex %ile Sex*%ile
%Fat 25-75%ile  75%ile< %Fat 25-75%ile  75%ile< F P F P F P
<25%ile <25%ile
Subject 36 73 36 30 62 30

number

Body mass 14.53+0.79 15.44+0.90 17.38+1.93 14.52+0.91 15.38+0.75 17.41+1.90 0.004 0.949 101.3 <0.001 0.027 0.973
index, kg/m?

Fat mass, kg 2.20+£0.47 3.38+0.58 5.95+2.10 3.05+0.47 4.34+0.68 6.69+1.72 36.3 <0.001 200.7 <0.001 0.239 0.788
% 13.2+2.0 18.5+1.7 25.1+4.0 18.6+1.8 24.0+1.5 29.9+3.1 295.0 <0.001 403.8 <0.001 0.505 0.604
Abdminal fat layer

Subcutane- 2.11+0.57 2.43+0.76 4.11+2.39 2.61+0.74 3.10+0.85 5.32+#2.24 21.2 <0.001 63.1 <0.001 1.29 0.278
ous fat layer,

mm

Preperi- 3.31+0.99 3.47£1.28 4.41x1.41 3.95x1.72 3.79£1.10 5.15%¥1.75 10.6 <0.001 18.2 <0.001 0.634 0.531
toneal fat

layer, mm

Subcutaneous fat layer

Upper arm, 1.59+0.56 1.97+0.65 2.74+1.01 1.77+0.62 2.25+0.70 3.30+1.17 11.7 <0.001 52.0 <0.001 1.13 0.326
mm

Thigh, mm  4.23+1.10 5.05+1.24 6.71+1.91 4.98+1.13 6.16+1.38 7.92+1.87 30.3 <0.001 60.5 <0.001 0.488 0.615
Muscle echo intensity

Biceps 5.99+2.42 5.70+2.73 8.00+3.19 5.44+2.79 6.76£2.97 8.88+3.57 147 0226 17.0 <0.001 1.75 0.176
brachii

muscle, pixel

Rectus 14.93+4.52 15.32+4.51 16.18+4.69 15.18+4.36 16.37£3.96 17.26%4.06 1.96 0.162 2.399 0.093 0.211 0.810
femoris

muscle, pixel

Table 3: Comparison of fat content and muscle thickness by ultrasonography divided by 10th and 90th percentiles of body fat percentage

Boys Girls Sex %ile Sex*%ile
%Fat 10-90%ile 90%ile< %Fat 10-90%ile 90%ile< F P F P F P
<10%ile <10%ile
Subject 14 117 14 12 98 12

number

Body mass  13.99+0.65 15.51+1.01 18.94+1.97 14.07+1.06 15.45+0.84 19.01+2.09 0.028 0.866 155.5 <0.001 0.077 0.926
index, kg/m?

Fat mass, kg 1.76£0.29 3.49+0.95 7.70£2.31 2.68+0.44 4.42+0.98 8.04£1.95 121 <0.001 192.8 <0.001 0.853 0.428
% 11.0+1.3 18.5+2.9 29.1+3.6 16.8+1.5 24.0+2.8 32.7+3.4 83.9 <0.001 234.5 <0.001 1.32 0.270
Abdminal fat layer

Subcutane- 2.07+0.53 2.51+0.85 5.59+3.15 2.35+0.73 3.25+1.08 6.95+2.25 11.6 <0.001 96.8 <0.001 1.30 0.275
ous fat layer,

mm

Preperi- 3.46£1.20 3.53%x1.27 4.94+1.18 3.31+1.07 4.10£1.46 5.53+x1.78 1.71 0.192 14.8 <0.001 0.823 0.440
toneal fat

layer, mm

Subcutaneous fat layer

Upper arm, 1.40+0.37 2.02+0.76  3.09+1.00 1.51+0.72 2.34+0.77 3.72+1.49 527 0.022 40.0 <0.001 0.708 0.494
mm

Thigh, mm 3.75%£1.03 5.13£1.29 7.88+2.14 4.64+0.97 6.23+1.54 8.57+2.17 10.3 0.002 51.6 <0.001 0.273 0.761
Muscle echo intensity

Biceps 5.61+2.17 6.02+2.62 9.82+3.76 6.52+3.49 6.53+2.92 10.87+3.69 2.27 0.133 23.7 <0.001 0.144 0.866
brachii

muscle, pixel

Rectus 14.94+3.90 15.32+4.55 16.97+5.12 14.58+4.94 16.20+3.98 18.84+3.41 0.937 0.334 3.81 0.024 0.434 0.648
femoris

muscle, pixel
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The 25th and 75th percentile calculations, as
well as the 10th and 90th percentile calculations,
revealed gender differences in most indices of fat
content, except EI. The results depended on body
size, as there were no gender differences in EI and
no interaction effects. Additionally, significant
differences in classification by each percentile were
observed for all parameters except EI of the rectus
femoris muscle (boys, %Fat<25%ile: 14.93+4.52,
25-75%ile: 15.32+4.51, 75%ile<: 16.18+4.69; girls,
%Fat<25%ile: 15.18+4.36, 25-75%ile: 16.37+3.96,
75%ile<: 17.26+4.06, F=2.399, P=0.093) by the 25th
and 75th percentile calculations. The upper muscle
groups exhibited significantly higher percentile
values.

To evaluate changes in whole-body fat
accumulation and energy intake (EI), since EI was
significantly higher for individuals with different
body shapes, Figure 1 displays the correlation
between the EI of the biceps brachii muscle and
the body fat percentage. The results showed a
significantly positive correlation for both boys
and girls, indicating that EI, which refers to
fat infiltration into muscle tissue, increased as
fat accumulated in the body. In Figure 2, the
correlation between the EI of the biceps brachii
muscle and the EI of the rectus femoris muscle is
presented separately for boys and girls. The results
revealed a significant positive correlation between
the two indices, indicating that an increase in EI of

20.0
[ ]
18.0
° o
16.0
3 . . 5 °
b o fo)
il ° o
54 14.0 o
2 9 ° ° o
832120 e o 2 %o e s
s 3 o % -
S E ° %o
== 10.0 e ©
S § ® Boys
g E 80
w .
E- o Girls
-
g 60
M )
4.0 ° ° Boys: y=0.227x+2.069 r=0.384 P<0.00
L4 0~ 2 .@
2.0 o.lo 0® o Girls: y=0.289x+0.035 r=0.395 P<0.00
0.0
50 100 150 200 250 300 350 400 45.0

Body fat percentage, %

Figure 1: The figure shows the

25.0 ° o ©
. o ©
3 ® g0
E8 200 4 <
z 3
SE 15.0
Sz 15
g3 e, o,
2 E ©% o
g & [ »°
2 g 100 *5% S .
s oo% °
& & °®
c‘“.
5.0 [ I
. A
[ ]
0.0
0.0 5.0 10.0

Muscle echo intens

correction between body fat percentage and muscle echo intensity of biceps brachii muscle.

-

o

e Boys

o Girls

Boys: y=0.545x+11.98 r=0.350 P<0.00

Girls: y=0.626x+11.94 r=0.502 P<0.00

15.0
ity,

20.0

Biceps brachii muscle, pixel

Figure 2: The figure shows the correlation between echo intensity of biceps brachii muscle and rectus femoris muscle.

114

Int. J. School. Health. 2023; 10(3)



Skeletal muscle fat content in children

the upper limbs was accompanied by an increase in
EI of the lower limbs.

4, Discussion

In the present study, when the EI was divided
by the 10th percentile and 90th percentile of body
fat percentage, the result was significantly higher
in the high-fat group (above 90th percentile) than
the normal-fat group (10-90th percentile) and the
low-fat group (below 10th percentile). Similarly,
the high-fat group (above 75th percentile) had
significantly higher EI than the standard fat group
(25-75th percentile) and the low-fat group (below
25th percentile).

Furthermore, our data indicated that EI of the
rectus femoris muscle was proportionally related
to the %fat of the whole body. This finding was
similar to that of our previous study, which showed
that inactivity increased EI values in healthy young
adults (13). Therefore, it can be concluded that
preschoolers may have increased skeletal muscle
fat mass due to increased total body fat mass.
Furthermore, there were significantly higher values
of the abdominal fat layer, especially Pmax, which
is strongly related to visceral fat accumulation, as
total body fat accumulation increased. This result
was consistent with the results of our previous
study (8).

Several reports showed a relationship between
physical activity and skeletal fat content in healthy
adults (22, 23). Similarly, we previously reported
the relationship between low physical activity and
high EI or high body fat accumulation in adults
(13). Fat contained in the skeletal muscles has been
reported to be strongly associated with obesity,
type 2 diabetes, and metabolic syndrome (24).
Physical inactivity has also been shown to be a
risk factor for greater fat infiltration into growing
skeletal muscles (25).

Johnson and colleagues (26), in their MRI-based
study, found that children with quadriplegic cerebral
palsy had greater skeletal muscle fat content in the
midthigh region than healthy children. This was
significantly associated with their lower level of
physical activity. This finding was consistent with
the observation made in another study conducted on
children with low muscle mass and disabilities that
limited their participation in physical activities (27).

Int. J. School. Health. 2023; 10(3)

A worldwide epidemic of childhood obesity has
unfolded in the last few decades due to an increase
in sedentary lifestyle among children, which is
associated with a higher risk of lifestyle-related
diseases (28). It has been reported that a sedentary
lifestyle deregulates fat oxidizing enzymes,
resulting in reduced ability to oxidize fat (29). In
recent years, physical fitness and motor ability in
children have declined significantly compared to
several decades ago in Japan (30). A major reason
for this decline may be the lack of opportunities
and suitable places for children to play and develop
their physical fitness. Limiting sedentary behaviors,
such as prolonged television watching, coupled
with increased physical activity in children, is an
important public health strategy for preventing
childhood obesity (28).

Increased body fat in children can cause visceral
fat accumulation and fat infiltration into muscles,
leading to pathological changes in the muscular
system. Rech and co-workers (31) reported a
negative relationship between bone and local fat
accumulation, such as visceral fat and fat within
skeletal muscle in children, similar to observations
made in adult individuals. Ectopic fat accumulation
can lead to serious pathologies even in childhood,
which may persist in adulthood (2, 7). In adults,
EI has been noted to be negatively correlated with
muscle strength. The association between muscle
quality assessed via EI and muscle strength was
found to be unaffected by age or MT (32). Muscle
mass (muscle size) and muscle quality (composition
of fibrous and adipose tissue within the muscle)
have been shown to contribute independently to
muscle strength in middle-aged and older adults
(31). Although it was not possible to measure
muscle strength or physical activity in preschool
children in the previous study, the intramuscular
fat content may have a small compounding effect
on the decline of motor skills in children.

Assessment for visceral fat and ectopic fat
accumulation in childhood is typically performed
using MRI and other techniques. However, they are
rarely evaluated unless symptoms of pathological
changes due to excessive accumulation occur.
The measurement of skeletal muscle mass using
ultrasonography can be easily performed in
children.

It has been reported that EI on ultrasonography
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may be an important tool for assessing the structural
aspects of skeletal muscle tissue, as it is significantly
correlated with fat infiltration (10, 33). Fat infiltration
into muscles has been documented to increase the
risk of neuromuscular diseases such as Duchenne
muscular dystrophy, spinal muscle atrophy, and
congenital myopathies. This is attributable to the
disruption of muscle structure due to the replacement
of muscle cells by fat and connective tissue (34).

Only a few studies have examined intramuscular
fat content in healthy children using muscle echo
intensity. Knowledge regarding the reference values
of EI is necessary to describe the normal muscle
architecture in children and to understand the
corresponding decline in skeletal muscle quality
and reduction in EI. Furthermore, it is essential
to examine whether physical activity (total energy
expenditure and physical activity level) affects EI
so that the information can be applied to school
health and preventive medicine programs during
childhood. Therefore, continuous measurement
using a simple assessment method such as
ultrasonography is important from the perspective
of preventive medicine in childhood. We also
believe that it is necessary to identify the growth
changes and critical points of the assessment index.

4.1. Limitations

The number of participants and measured
parameters in this study might be insufficient
to clarify this relationship because we did not
conduct statistical sample size calculations, and
it is difficult to collect a large number of pediatric
subjects. Moreover, the system settings differ
between separate ultrasound machines, which
can affect the resulting echo intensity. Therefore,
further studies are needed to compare the values
obtained with different instruments, as noted in
previous study (9), as well as to validate the findings
of the present study. We believe that this study
will be positioned as one of the studies that will
help prevent the incidence of metabolic syndrome
and locomotive syndrome from childhood to
adulthood. Furthermore, we will continue our
research with improved measurement parameters,
and we expect that this study will serve as a basis
for future studies in this area.

5. Conclusions

This study aimed to echo

compare
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intensity (EI) and local fat accumulation by
ultrasonography in thin, normal, and overweight
healthy preschool children. The results of this
study showed that the accumulation of adipose
tissue within skeletal muscle varied with the
degree of obesity. Extreme increases in body fat
were associated with increases in visceral and
ectopic fat, including skeletal muscle fat mass.
From the viewpoint of preventive medicine, it
is clear that attention should be paid to local fat
accumulation due to increased body fat mass,
even during childhood, as this can lead to health
issues during adulthood.
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