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Ultrasound measurements of subcutaneous adipose tissue thickness show
sexual dimorphism in children of three to five years of age
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INTRODUCTION

ABSTRACT

Aim: A standard approach to measure subcutaneous adipose tissue (SAT) using
ultrasound has proved successful in adults, but has not been studied in children. This study
addressed that gap in children aged three to five years.

Methods: In autumn 2016, 24 preschools in Southwest Germany, recruited via mail,
agreed to take part in this study and 274 children (51.4% boys) with a mean age of
4.6 £ 0.7 years participated in measurements of SAT and anthropometry. Differences in
measurements were explored between the sexes and anthropometric predictors of mean
SAT thickness were identified. Intra-observer reliability for ultrasound measurements of SAT
was also assessed.

Results: The mean SAT thickness showed significant differences between the boys and
girls (5.3 £ 2.0 and 6.3 + 2.0 mm, respectively, p < 0.01). The children’s body mass,
height and sex explained 66% of the variance in the mean SAT thickness, as SAT was larger
with a higher body mass, a smaller stature and in girls. Intra-observer reliability resulted in
an intra-class correlation coefficient of 0.994 (p < 0.01) with a 95% confidence interval of
0.983-0.998.

Conclusion: Subcutaneous adipose tissue thickness differed between boys and girls with a
mean age of 4.6 years. Intra-observer reliability was excellent. This standardised approach
enabled high-precision measurements of SAT in a paediatric population.

model, are considered to be most accurate and are used as

Observational studies that examine the status of children’s
growth and health to identify the prevalence of overweight
and obesity (1,2) use different methods to determine
excessive body weight and body fat. The same applies to
health intervention studies that aim to prevent an unhealthy
weight status (3,4), For example, field methods that assess
body composition comprise anthropometric characteristics
which include height, body mass, waist circumference (WC)
and indirect measurements of body fat, such as skinfold
thickness (5-8). Two types of measurement errors can arise
when assessing body composition: methodological errors in
collecting raw data and errors in the assumptions that are
made when converting raw data into final values. The
degree of error varies with the measurement method (7).
Multi-component models, especially the four-component

Abbreviations

BF%, Total body fat percentage; BMI, Body mass index; d, Mean
subcutaneous adipose tissue thickness (of all eight sites); D, Sum
of subcutaneous adipose tissue thickness of eight sites; Excl,
Subcutaneous adipose tissue excluding embedded fibrous struc-
tures; Incl, Subcutaneous adipose tissue including embedded
fibrous structures; SAT, Subcutaneous adipose tissue; WC, Waist
circumference.

reference methods against which other methods, especially
field methods, are validated and compared (6,7,9). Multi-
component models combine measurements of several
fat-free body components, which require a large method-
ological effort. These include the need for multiple labora-
tory methods, additional time and added costs, which
makes them impractical for large-scale field studies that
examine body composition in children (6,7,9).

A common and easy-to-use method to describe weight
status and obesity is the body mass index (BMI), converted
to sex- and age-specific percentiles for children (10,11).

Key notes

e This study measured subcutaneous adipose tissue
(SAT) thickness using ultrasound in 274 preschool
children, aged three to five years, from 24 preschools in
Southwest Germany.

e SAT thickness showed significant differences between
boys and girls: it was larger with a higher body mass, a
smaller stature and in girls.

e Ultrasound provided accurate measurements of SAT
with excellent intra-observer reliability.
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However, BMI does not consider body fat mass or its
distribution (12-14). Further examining the body shape and
distribution of body fat, WC is used to assess central
adiposity in young children (7,15). As with BMI, percentiles
are used to determine children with increased risk, but there
are no universally accepted cut-off values (16). WC is a
height-dependent variable and the exact measurement
location of the WC can vary (15-17). Considering both
height and WC, the waist-to-height ratio, measured as WC
in cm/height in cm, identifies central adiposity independent
of age (15,17). However, its use is not recommended for
children under the age of six (15) and it is not superior to
BMI or WC in predicting the total body fat percentage
(BF%) in children aged three to seven (18). Another
approach to assessing body fat at various body sites are
skinfold thickness measurements. These measurements
allow an evaluation of regional subcutaneous fat and are
often used to estimate BF% (6,7). The sum of skinfolds has
been shown to outperform BMI and WC in the prediction
of BF% in children aged six to 13 (19). This method is
convenient as well as cost-efficient and therefore attractive
for large studies (6,7,19). However, methodological errors
in collecting raw data can arise due to site-specific
compression of adipose tissue and individual variations in
elastic properties of the skin (6,20). Applying population-
specific equations to estimate BF% from skinfold measure-
ments on an individual level can add to further error in the
assumptions made and is not recommended (7,21).

Studies have shown the advantages of using ultrasound to
measure subcutaneous adipose tissue (SAT) as part of a
body composition assessment (22-24). Ultrasound enables
the measurement of uncompressed SAT thickness and gives
more accurate information on regional fat distribution than
skinfolds (20). With the ready availability of small and
portable devices, ultrasound measurements of SAT can
easily be used in the field (23-25).

A standardised approach for performing accurate and
reliable measurements of SAT has been developed by the
International Olympic Committee Working Group on
Body Composition, Health and Performance (23). This
approach includes site marking, imaging and image
evaluation. It enables cross-sectional and longitudinal
studies of fat patterning in lean and obese individuals,
as well as in athletes (23-25). The underlying principle of
brightness-mode ultrasound imaging is the reflection of
ultrasound beams from tissue borders in the path of the
transmitted beam. Ultrasound pulses passing through
body tissues are reflected, depending on the difference
in the acoustic impedance between tissue interfaces,
resulting in low-intensity or high-intensity echoes (26).
The intensity of the echoes is represented in the bright-
ness of the image on the screen. Tissue interfaces with
low ultrasound reflexion appear dark on the screen and
high-intensity echoes appear bright (20,26). Figure 1
shows the difference in reflected brightness depending
on the tissues and their interfaces, namely skin, fat and
muscle. The distance between the dermis and adipose
tissue interface and the adipose tissue and muscle fascia
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Figure 1 Example of an ultrasound image at the front thigh with structures of
relevance marked for image evaluation. In the highlighted area, the evaluation
algorithm automatically measured a mean subcutaneous adipose tissue
thickness of 8.8 mm including embedded structures (719 mm without
embedded structures) along 123 vertical lines from the lower border of the
dermis to the upper border of the muscle fascia.

interface depicts the measured adipose tissue using ultra-
sound.

Using the speed of sound in fat (1450 m/s) to calculate
the tissue layer thickness, the accuracy of fat measurements
depends primarily on the ultrasound image resolution
(23,26). The image resolution ranges from 0.1 mm using
an 18 MHz linear transducer to 0.3 mm at 6 MHz (23,24).
Miiller et al. discussed the accuracy limitations in detail and
stated that measurement accuracy was not determined by
technical limitations of ultrasound imaging, but by biolog-
ical factors, such as furrowed borders of SAT. Their
arguments hold true for all biological tissues independent
of a subject’s age (23).

Due to the above-mentioned shortcomings of commonly
used methods to assess body fat in children, and the
advantages of ultrasound, the primary aim of this study was
to apply this approach as part of a larger field study in
preschool children, aged three to five years. Potential sex
differences in anthropometry and SAT were explored and
predictors for mean SAT thickness were identified. The
secondary objective was to evaluate intra-observer reliabil-
ity in the ultrasound measurements using the standardised
procedure in a paediatric population (23).

METHODS

Experimental design and study population

In this study, baseline data from a sub-sample of the health
survey that evaluated the preschool-based intervention
programme Join the Healthy Boat in Southwest Germany
were used. A detailed description of the programme as well
as the study design and protocol has previously been
published (4). The study was registered at the German
Institute of Medical Documentation and Information,
Cologne, Germany (ID: DRKS00010089) and approved
by the ethics committee of Ulm University (application
number 188/15). All preschools in Baden-Wuerttemberg
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that had not participated in the programme by the spring of
2016 received written information about the study via mail
and were given the opportunity to register. From these
preschools, 62 registered to participate, and written,
informed consent provided by parents resulted in a total
of 1021 children participating in the study. Parents were
informed about each measurement by means of a survey
brochure and were given contact information for the study’s
coordination office in case they had any questions. In
addition to the general health survey, the parents had the
opportunity to allow their children to take part in various
sub-studies and one of those was this analysis of SAT using
ultrasound. The parents of 710 children agreed that their
child could take part in the ultrasound examination. For
logistical reasons 24 preschools, with 383 children eligible
for examination, were selected and 274 children (51.4%
boys) were examined. Children participating in the ultra-
sound measurements were older than those who did not:
4.6 years + 0.7 versus 4.5 years = 0.8 (p = 0.026). Except
for one boy, who was of African ancestry, all children were
healthy and Caucasian. The discrepancy in numbers can be
attributed to children not being present or willing to
participate on the day ultrasound measurements were taken
(n = 54) or all other anthropometric measurements were
performed (n = 42). Measurements could not be taken from
the remaining 13 children for a variety of reasons, such as a
change in the child’s status at preschool, inappropriate
attire or an inability to measure because of a plaster cast.
Anthropometric and ultrasound measurements were con-
ducted on consecutive days and on the preschools’
premises. All measurements were performed by the same
personnel throughout the study.

Anthropometric assessment

Height was measured using a Seca 217 portable stadiometer
(Seca, Hamburg, Germany) to the nearest 0.1 cm. Body
mass was measured barefoot and in underwear using a Seca
862 electronic scale to the nearest 0.05 kg (Seca, Hamburg,
Germany). BMI was calculated according to the equa-
tion kg/m? and converted to age-specific and sex-specific
BMI percentiles using German reference values (11). WC
was measured twice to the nearest 0.1 cm at the mid-point
between the lower costal border, 10th rib and the iliac crest,
using a Lufkin W606P flexible steel tape (Apex Tool Group,
Sparks Glencoe, MD, USA). Mean values were used for
further analysis.

Ultrasound measurements

Ultrasound measurements of SAT were performed in
accordance with the International Association of Sciences
in Medicine and Sports and the protocol published in 2016
(23). The examinations were conducted by a certified
investigator from the above-named association. Using a
transportable Philips CX50 ultrasound system, with a 10/
15 MHz linear transducer L12-3 transducer (Philips Ultra-
sound, Bothell, WA, USA), measurements were performed
with the participant lying in a supine, prone or rotated
position with the transducer held longitudinally in the
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direction of the underlying muscle. Site marking was
performed on the right side of the body and in reference
to the participant’s height (cm). The following sites were
marked: upper abdomen, lower abdomen, erector spinae,
distal triceps, brachioradialis, lateral thigh, front thigh and
medial calf. In a few cases, where the marked site was too
close to a nearby joint, the site was moved one centimetre
distally. This was necessary at the brachioradialis and
medial calf sites to ensure a clear image of SAT with
parallel structures of the skin and underlying SAT and
muscle fascia (Fig. 1). A thick layer of gel (3-5 mm) was
applied onto the transducer to ensure uncompressed mea-
surement of SAT, which was verified in each measurement
by means of a black band above the skin that could be seen
on the ultrasound screen. After each examination day, the
captured images were imported into the FAT 3.1 image
evaluation software (Rotosport, Stattegg, Austria) and
evaluated in a blind-rating situation. The images contained
no information on the subject. The software includes a
semi-automatic distance evaluation algorithm for multiple
thickness measurements in a given ultrasound image, where
the speed of sound is set to that of adipose tissue, namely
1450 m/s. The software reports thickness values for each
individual site, the sum of all eight sites (D) as well as the
mean thickness of these sites (d). It also enables a distinc-
tion in SAT values, both including embedded fibrous
structures (Dinel, dmmel) and excluding embedded fibrous
structures (Dgxcl, @excl). A detailed description and direc-
tions for site marking and image capturing have previously
been published (23).

Reliability study

Intra-observer reliability measurements were performed on
16 children (56.3% boys), at one of the participating
preschools, to compare the sums of SAT Dy, measured
twice on two consecutive days. Site marking, imaging and
image evaluation were performed on both days in accor-
dance with the above-mentioned procedure.

Statistical analysis

All data analyses were performed using SPSS 21 (IBM
Corp, Armonk, NY, USA). Descriptive statistics — mean
values and standard deviations — were calculated for the
total sample and for boys and girls separately. The Kol-
mogorov-Smirnov test was used to identify a normal
distribution of variables. Mean values of anthropometric
characteristics as well as the ultrasound variables between
boys and girls were subsequently compared with a ¢-test for
independent samples and the Mann-Whitney U-test,
respectively. Pearson’s product-moment correlation coeffi-
cients determined whether there were relationships
between anthropometric characteristics and mean SAT
(dine)- A hierarchical linear regression analysis using forced
entry was performed to evaluate which of the anthropo-
metric traits could predict mean SAT thickness (dync1). Body
mass, height, WC and sex were used as predictor variables
in the analysis. Multi-collinearity among the predictor
variables was tested, which is why WC was removed in
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the final analysis. Adding WC to the model caused the
variance inflation factor of the variable body mass to
increase to 10.3 and the mean value to 5.1. In the final
analysis to predict di,, body mass was entered first,
followed by height and sex as the last predictor variable.
The level of significance was set at p < 0.05.

For the intra-observer reliability analysis, the intra-class
correlation coefficient and its 95% confidence interval (95%
CI) were calculated based on a two-way mixed effects
model, single rating and absolute agreement. The standard
error of measurement was calculated by dividing the
standard deviation of measurement differences by +2.

RESULTS

Descriptive statistics of the children, aged three to five
years, with regard to their anthropometric characteristics
and ultrasound outcomes are shown in Table 1. Individual
SAT thickness sums, including embedded structures, ranged
from Dyye = 19.0-122.0 mm and mean thicknesses from
dine = 2.4-15.3 mm. The t-test showed no significant group
differences between boys and girls in any of the anthropo-
metric measures. The Mann-Whitney U-test revealed sig-
nificant differences in SAT values between the sexes, with
higher thickness values in girls (din and dgxe: p < 0.01,
Dine and Dgye: p < 0.01) as shown in Table 1. These
differences were significant at all eight sites and visible in
the fat patterning profiles presented in Figure 2 and in the
Table S1. Both boys and girls showed the largest SAT
thickness values at the lateral thigh and the smallest
thickness values at the erector spinae. The second largest
SAT values in girls were found at the lower abdomen,
whereas in boys, the distal triceps was the second thickest
SAT site. The relationship between anthropometric mea-
sures and mean SAT thickness was assessed by calculating
the Pearson’s product-moment correlation coefficients.
These results are presented in Table 2 for the total sample
as well as for boys and girls individually. The results of the

Table 1 Description of participating children aged three to five years at inclusion
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multiple regression analysis are presented in Table 3. Body
mass alone accounted for 29% (R?) of the variation in dpe.
When the predictor height was added, body mass and
height together accounted for 59% (R?) of variation in dyy,
In the final model, the combination of all three predictors,
body mass, height and sex, explained 66% (R?) of variation
in dinq. Regarding the descriptive differences in correlation
coefficients for dy,.; and anthropometric measures in boys
and girls, it was further assessed whether the anthropomet-
ric characteristics would predict dy, differently for boys
and girls. More specifically, the interaction effects of
anthropometric characteristics and sex on dy, were tested
to investigate whether anthropometric characteristics were
a better predictor of dy, for girls than for boys. For this
purpose, the variables sex, height, body mass, WC and BMI
were transformed to standard z-scores and the interaction
terms of the anthropometric measures and sex were
calculated as follows: z-height*z-sex, z-body mass*z-sex, z-
WC*z-sex and z-BMI*z-sex. Moderation analyses, namely
hierarchical linear regression analyses, were performed
with di,. as the outcome variable, the z-score of a selected
anthropometric measure as the predictor, z-sex as the mod-
erator and the interaction term of moderator and predictor.
The moderation effect of sex and any given anthropometric
variable were not statistically significant in predicting dpq.

An intra-observer reliability analysis of Dy, resulted in
an intra-class correlation coefficient of 0.994 (p < 0.01)
with a 95% CI of 0.983 to 0.998. While thickness sums Dy,
ranged from 34.83-112.30 mm, the mean difference in Dy,
was 0.79 mm, which corresponded to a mean relative
difference of 1.3%. This analysis showed that 95% of the
differences in Dy, were within —0.44 and 2.03 mm. The
standard error of measurement was 1.64 mm.

DISCUSSION
In this study, SAT was measured in 274 preschool children,
aged three to five years, using ultrasound in accordance

Total sample Boys Girls
n =274 n = 144 n = 130
Age (years) 46 + 0.7 46 + 0.7 46 + 0.7
Height (cm) 108.3 + 6.6 108.8 + 6.7 107.7 + 6.6
Body mass (kg) 18.36 + 3.13" 1860 + 3.14 18.09 + 3.10
Waist circumference (cm) 51.7 + 4.0 519 + 4.1 514 £+ 4.0
BMI 156 + 1.5 156 £ 1.5 155 £ 1.5
BMI percentiles 50.1 + 27.6° 509 + 27.6 493 + 27.7
Dina (mm) 465 + 16.3 (19.0-122.0) 426 + 15.8% (19.0-98.2) 50.8 + 15.9%* (19.2-122.0)
Dgyg (mm) 40.8 + 15.6 (15.0-113.4) 369 + 14.9% (15.0-90.6) 451 £ 15.1%* (15.3-113.4)
dinat (MM) 5.8 + 2.0 (2.4-15.3) 5.3 4+ 2.0% (2.4-12.3) 6.3 + 2.0%* (2.4-15.3)
dexa (M) 5.1 + 1.9 (1.9-14.2) 46 £ 1.9% (1.9-11.3) 5.6 £ 1.9%* (1.9-14.2)

BMI = Body mass index; Dj, = Sum of subcutaneous adipose tissue (SAT) thickness at all measured sites including fibrous structures; Dg,q = Sum of SAT
thickness at all measured sites excluding embedded fibrous structures; djnq = Mean SAT thickness including embedded fibrous structures; dg,q = Mean SAT

excluding embedded fibrous structures.

Values are shown as mean =+ standard deviation. BMI percentiles were calculated using German reference values (11).
n = 272; n = 265; Sn = 271; Significant group differences between boys and girls are indicated as **p < 0.01.
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Figure 2 Mean subcutaneous adipose tissue thickness (d) and mean thicknesses at the eight individual sites: upper abdomen (UA), lower abdomen (LA), erector spinae
(ES), distal triceps (DT), brachioradialis (BR), front thigh (FT), lateral thigh (LT) and medial calf (MC). Upper image: subcutaneous adipose tissue (SAT) values including
(Incl) embedded structures. Lower image: SAT values excluding (Excl) embedded structures. Significant differences between boys and girls indicated as *p < 0.05 and
#kp < 0,01,

Table 2 Relationship between anthropometric characteristics and mean Table 3 Linear model of predictors of mean subcutaneous adipose tissue thickness

subcutaneous adipose tissue thickness (dj,) based on Pearson’s product-moment (djna), With confidence intervals reported in parentheses

correlation coefficients Model b SEb B p

dina  Height Body mass’  Wc* BMIT BMI percentiles® ]

Total sample Weight 0.36 (0.29, 0.42) 0.03 0.54 0.000
r 0.123* 0.543** 0.654** 0.754** 0.686** Constant —0.71 (=1.94, 0.52) 0.62 0.255
p 0.042 0.000 0.000 0.000 0.000 2

Boys Weight 0.85 (0.77 —0.94) 0.04 1.30 0.000
r 0.114 0.528** 0.635%*  0.751*%  0.667** Height —0.29 (-0.33, —0.25) 0.02 -0.93 0.000
p 0.175 0.000 0.000 0.000 0.000 Constant 21.50 (18.17, 24.77) 1.68 0.000

Girls 3
r 0.186* 0.643** 0.749%* 0.831** 0.769** Weight 0.86 (0.78, —0.94) 0.04 1.32 0.000
p 0.034 0.000 0.000 0.000 0.000 Height —-0.29 (-0.32, —0.25) 0.02 -0.92 0.000

Sex 1.15 (0.86, 1.43) 0.14 0.28 0.000

BMI = Body mass index; WC = Waist circumference. oS 20.42 (17.43, 23.40) 152 0.000

BMI percentiles calculated using German reference values (11).

n = 265; *n = 272; Sn = 271; Significant correlations between values are Model 1: R? = 0.29; Model 2: R? = 0.59; Model 3: R? = 0.66.

indicated as *p < 0.05 and **p < 0.01.
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with a standardised protocol for site marking, imaging and
image evaluation (23). To our knowledge, this was the first
study to evaluate SAT tissue using ultrasound in this
standardised manner in children of this age. As an explo-
rative analysis, common anthropometric measures and SAT
values were compared between boys and girls. The rela-
tionship between anthropometric traits and mean SAT
thickness was further assessed to ascertain which of the
anthropometric traits could predict mean SAT thickness
best.

The results showed that anthropometric measures, such
as BMI and WC, were unable to detect sex differences
regarding fatness, as was the case with the ultrasound
results. Differences in the amount of SAT, with higher
values in girls than in boys, were apparent at each
individual site as well as in the mean d and the sum of
SAT D. This indicates that a significantly different fat
patterning profile between boys and girls was already
present at this age (Fig. 2).

When assessing and predicting fatness in children, large
studies have relied on surrogate measures of adipose tissue
and applied methods with limited accuracy (5,7,12,13). It is
reasonable to assume that a more sensitive method, such as
ultrasound, can distinguish individual and group differences
in adipose tissue because of a higher level of accuracy.
Similar to our results, Karlsson et al. (2013) found no
significant differences between five-year-old boys and girls
regarding their BMI, WC or waist-to-height ratio. They
measured total body fat and abdominal fat using dual-
energy X-ray absorptiometry, which showed significantly
higher values of BF% and the percentage of truncal fat in
girls than boys. They also used magnetic resonance imaging
measurements of the abdomen and these showed no sex
differences in SAT, but significantly less visceral adipose
tissue in girls than in boys (14). The findings of this study
suggest that there is a higher amount of total and mean SAT
in girls aged three to five compared with boys and that this
also applies to the SAT thickness in the abdominal region.

Assessing the relationship between the anthropometric
characteristics and the SAT showed the strongest correla-
tions between BMI, and BMI percentiles, and mean SAT
thickness (dn1), followed by WC and body mass. This
suggests that obesity-related measures also relate to mean
SAT thickness in children. Semiz et al. (2007) found that
ultrasound measurements of SAT at the abdomen corre-
lated significantly with BMI and WC in obese and non-
obese children with a mean age of 11.5-12.2 years. Signif-
icant correlations were also found between measurements
of SAT at the triceps and BMI, and WC, but only in non-
obese children (27). Furthermore, ultrasound measure-
ments of SAT at given sites have been found to be related
to corresponding segmental fat mass in kilograms as well as
BF% measured using dual-energy X-ray absorptiometry in
young adults aged 18-29 years (22).

In the regression analysis, only raw values such as body
mass (kg) and height (cm) rather than BMI or waist-to-
height ratio were used as predictor variables for dj,¢. Due
to the high correlation between body mass and WC, WC
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was withdrawn from the regression model. The final model
that was used showed that body mass and height explained
59% of the variation in mean SAT thickness. Adding sex
into the model increased the explained variance in dy, to
66%. Thus, body mass and sex were significant, positive
predictors of di,, and height was a significant, negative
predictor of di,.. This leads to the assumption that mean
SAT thickness will be larger with more body mass, a smaller
stature and female sex. A study that assessed the variations
in abdominal SAT in 407 children aged seven to 16 years
using magnetic resonance imaging, found that body mass
explained 78.3% of the variance in abdominal SAT, WC
explained 80.4% and BMI explained 88.9% (28).

This study provides information on the distribution of
body fat in children aged three to five using ultrasound as a
non-invasive imaging technique and contributes to the
assessment of body composition in paediatric studies.
However, it is not without limitations. First, although this
study was part of a cluster-randomised trial, the sample
used for this analysis was not without selection bias.
Second, the applied approach was developed for adults.
To obtain accurate imaging of SAT, adjustments had to be
made at the medial calf and brachioradialis sites in a few
children, so that a parallel alignment of skin, adipose tissue
and muscle fascia was assured. This is explained in the
Methods section. Third, it was not possible to assess visceral
adipose tissue using this protocol. Total adipose tissue
includes subcutaneous and visceral adipose tissue, and it is
not entirely clear from the literature if children are more
likely to store excessive adipose tissue in subcutaneous or
visceral compartments (14,29). However, the results of this
study are based on ultrasound thickness measurements of
SAT with an image resolution, and thus accuracy, of about
0.1-0.2 mm (at 18 or 9 MHz, respectively), compared to a
magnetic resonance imaging total body scan with a pixel
size and resolution of about 1.3-2 mm (30). This makes it
the most technically accurate method to measure SAT (23).
High precision can be achieved when performing measure-
ments in accordance with this standardised protocol.
Comparing the sums of SAT Dy, the intra-class correla-
tion coefficient (0.994, p < 0.01) and 95% CI (0.983-0.998)
indicated excellent intra-observer reliability: the mean
difference in Dy, was 0.79 mm and 95% of differences
ranged from —0.44 to 2.03 mm. In comparison, intra-
observer results in a study in normal weight, overweight and
obese adults showed that 95% of differences in Dy, ranged
from —2.2 to 1.9 mm (24). Inter-observer results of three
observers measuring athletes showed 95% of observer
differences from their mean for Dy, were within
+1.1 mm (23). These findings suggest that conducting
measurements in this standardised manner provide highly
reliable results regardless of age, size and SAT thickness,
namely in lean athletes, children and normal or overweight
adults.

For routine screening of body fat in paediatric popula-
tions, SAT thicknesses measured using ultrasound can be
used for comparisons between individuals and groups, as it
is performed by the International Society for Advancement
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in Kinanthropometry when interpreting the sum of skin-
folds as an indicator of adiposity (21). In order to assess
total body fat based on ultrasound measurements, future
studies will have to show whether a reduced number of sites
is sufficient for SAT assessments in medical practice,
together with how SAT relates to visceral adipose tissue,
as it is not measured using this approach. As visceral
adipose tissue in children only depicts the smaller part of
total adipose tissue on an anatomical level (29), it could be
possible to develop models to predict anatomical BF%
based on accurate ultrasound measurements of SAT. For
this purpose an evaluation must be carried out to determine
whether mean SAT thickness d at these eight sites repre-
sents all of the superficial adipose tissue and which sites
correlate best with BF% assessed on a molecular level, for
example using a four-component model, to enable molec-
ular level BF% assessments based on ultrasound measure-
ments of SAT.

CONCLUSION

In this study, a non-invasive imaging technique was
applied in a standardised manner to measure SAT in
children, aged three to five years. This approach had
previously proven effective in measuring SAT in athletes,
as well as in normal weight and obese adults (20,24,25),
but had not yet been used in young children. The results
of this analysis showed that reliable measurement of
uncompressed SAT was possible in a routine, field setting
and that SAT thickness and its patterning differed
substantially between boys and girls. Body mass and sex
were shown to be significant positive predictors of mean
SAT thickness and height was a significant negative
predictor of mean SAT thickness.

Currently, ultrasound is the only imaging technique
available for assessing body fat distribution in the field.
Given the accuracy and reliability of the applied approach,
this method is qualified to analyse body fat in various study
populations and settings, for example individual and group
health assessments, cross-sectional and longitudinal
studies.
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SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section at the end of the article:

Table S1 Presented data equivalent to Figure 2. Mean
subcutaneous adipose tissue thicknesses (in mm) at the
eight measured sites including and excluding embedded
fibrous structures.
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