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Longitudinal sonographic assessment of abdominal fat

distribution from 2 to 5 years of age

Christina Brei', Daniela Much', Stefanie Brunner', Lynne Stecher' and Hans Hauner'~

BACKGROUND: To better understand children’s adipose tissue (AT) development and distribution, longitudinal data from direct
assessment methods are valuable. Previously, we reported sonographic data on abdominal subcutaneous and preperitoneal fat
areas <1 year of age.

METHODS: Sonographic measurements were annually pursued to assess the development of fat compartments in 2-5 year-old
children. The effect of sex and correlations with comprehensive anthropometry (e.g., BMI percentiles, skinfold thickness (SFT)
measurements, and waist circumference) are presented.

RESULTS: Subcutaneous fat areas increased modestly and were significantly greater in females at each time point investigated.
Preperitoneal fat area increased significantly over time (all P values < 0.001) with greater area in females from 3 years onward (e.g.,
at 3 years estimated mean difference —4.8 mm?; 95% Cl: —8.6, —0.9; P = 0.016). The strongest correlations for subcutaneous fat area
were consistently observed for SFT measurements. Preperitoneal fat area showed rather weak to moderate correlations, with
greater correlation coefficients for SFT measurements compared to waist circumference.

CONCLUSION: For the first time, longitudinal ultrasound data on abdominal body fat covering preschool age are presented.
Evaluation revealed a differential development of fat compartments, depending on children’s age and sex with SFT measurements

as the best predictor for both fat depots.

Pediatric Research (2018) 84:677-683; https://doi.org/10.1038/s41390-018-0147-0

INTRODUCTION
In view of the rising rate of childhood obesity, an interest in
developing new strategies to prevent excess weight gain in
infancy and early childhood has intensified.' Evidence has
repeatedly shown that adiposity in childhood can persist through
adolescence and into adulthood*™ A recent meta-analysis
confirmed the association estimating that obese children are five
times more likely to become obese adults compared to non-obese
children.”> At the same time, suitable, valid, and easy-to-handle
methods for the assessment of body composition and fat
distribution in early infancy up to adolescence are required.®
Waist circumference is often used as an indirect and crude
alternative for the assessment of body fat distribution, albeit a
distinction between subcutaneous and visceral fat is thereby not
possible.” Importantly, visceral fat, located in the trunk, is
considered as an independent risk factor for obesity-related
complications, such as cardiovascular disease and type 2 diabetes
mellitus.2°

Two direct methods which are considered gold standards to
quantify fat distribution are ma%netic resonance imaging (MRI)
and computer tomography (CT).'” However, ultrasonography (US)
is a promising approach to assess abdominal fat compartments in
pediatric populations. Clear advantages over MRI and CT include
that US is inexpensive, easy to handle, and portable in field
studies. With US, a distinction between fat compartments, such
as subcutaneous, preperitoneal, or visceral fat is possible.'

Preperitoneal fat has been shown to be an approximation of
visceral fat in children and adults.'*"?

Several studies have published US data which assessed different
body fat compartments in infancy younger than 1 year of age,%'*'¢
in early childhood,®'” and in school-aged children."*'®' In 2016,
Vogelezang et al. provided US data from 2- to 6-year olds, to
investigate the degree of tracking of abdominal fat from 2 to 6 years
of age.?® However, research has mainly focused on cross-sectional
analysis of body fat. To date, there is paucity of longitudinal
sonographic data on abdominal AT development and distribution in
preschool age. In addition, few studies have investigated whether
sex mediates fat accretion in early childhood.

We previously applied the direct method of US to measure
abdominal subcutaneous and preperitoneal AT development and
distribution at three time points in infants aged <1 year (6 weeks,
4 months, and 1 year) following slight adaptions to the method
described by Holzhauer and colleagues.® The analysis suggested
age- and sex-dependent development of subcutaneous and
preperitoneal fat areas. Girls tended to have significantly greater
subcutaneous fat areas than boys from 6 weeks onward, while
preperitoneal area was not influenced by sex in the first year of
life. Subcutaneous fat area showed a strong positive correlation
with central skinfold thickness (SFT) measurements as well as the
sum of 4 SFTs in the first year of life, while preperitoneal fat area
was only weakly correlated at 6 weeks and 4 months with a slight
increase in central and the sum of 4 SFTs at 1 year.'®
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The objective of this follow-up study is to investigate the annual
development of abdominal subcutaneous and preperitoneal fat
measures in preschool children aged 2, 3, 4, and 5 years. The effect
of age, sex, and the correlation with comprehensive anthropo-
metric measures are presented.

METHODS

Subjects

Data for this study were taken from the INFAT study (impact of
nutritional fatty acids during pregnancy and lactation on early
human adipose tissue development). The original randomized
controlled clinical trial included 208 healthy pregnant women in the
Munich area, Germany, and investigated the effect of a reduced n-
6/n-3 fatty acid ratio during pregnancy and lactation on offspring’s
body composition up to 1 year of life,”"** with an additional follow-
up until the age of 5.2% The study population, design, and outcomes
have been previously described.?’*? Approval for the study
protocol was obtained from the ethical committee of the
Technische Universitdt Miinchen, Germany (1479/06/2009/10/26).
Written informed consent from both parents was received for the
follow-up study with children aged 2-5 years. No significant
differences in growth and body composition between intervention
and the control group were observed at any age except for weight
and BMI percentiles at 4 years in the unadjusted analysis.?®> Thus,
pooling of data was possible for this follow-up study.

Anthropometric measurements

Body composition measurement techniques, including weight,
height, BMI, and SFT (triceps, biceps, subscapular, and suprailiac)
measurements, were performed as explained previously.'® Mea-
surement of waist circumference and BMI percentiles, the latter
according to Kromeyer-Hauschild et al,?* were amended for
follow-up analysis. Skinfold regression equations were computed
in line with Weststrate and Deurenberg® to determine body fat
mass (kg). Lean body mass (kg) was determined by subtracting fat
mass (kg) from body weight (kg).

Sonographic assessment of abdominal subcutaneous and
preperitoneal fat

To assess abdominal subcutaneous and preperitoneal fat areas,
abdominal US measurements were performed at each visit by
trained research physicians/assistants. The method was described
previously.'® In brief, subcutaneous and preperitoneal fat were
measured in two defined abdominal regions. To estimate sub-
cutaneous and preperitoneal fat areas, the first measurement
was performed by placing the US probe in the sagittal plane at
the xiphoid process. A second measurement, taken between
the xiphoid process and the navel, was performed to estimate
subcutaneous fat area in the axial plane. In order to evaluate
adipose tissue as fat layers measuring 1 cm in length, we started our
measurements at a reference point (i.e, in the sagittal plane the
xiphoid process; in the axial plane between the xiphoid process and
the navel above the linea alba). Three pictures were evaluated for
each area of fat mass. Means of the measured distances were
computed to estimate the area of preperitoneal fat in the sagittal
plane (preperitoneal area.gittal mm?), the area of subcutaneous fat
in the sagittal plane (subcutaneous areas,gittals mm?), and the area of
subcutaneous fat in the axial plane (subcutaneous area,y,, mm?2). In
addition, we calculated the ratio of preperitoneal to subcutaneous
adipose tissue from the sagittal plane. In our pediatric population <1
year, this sonographic method was found to be feasible and
reproducible with strong inter- and intra-observer agreements for
fat areas (correlation coefficients between 0.97 and 0.99).

Statistical analysis

Sonographic data at 2-5 years are presented as mean + SD for all,
and separately for males and females, respectively. To assess
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changes in the sonographic fat measures over time, mixed linear
models (using unstructured covariance matrices) were fitted with
time as a fixed effect, including all measured time points
(6 weeks-5 years). To explore how changes over time differ
according to sex, sex was added as a fixed effect in the models
together with an interaction between sex and time. Estimated
mean differences in sex are presented for each measure at each
time point, together with 95% confidence intervals. Associations
between anthropometric and ultrasound variables were assessed
using Spearman—-Rho correlation coefficient. Statistical analyses
were performed using R (version R 3.1.3; R Foundation for
Statistical Computing) and PASW software (version 21, SPSS,
Chicago, IL). A two-sided P value < 0.05 was considered statistically
significant.

RESULTS

Participants

We analyzed data from 111 children (n = 48 girls, n = 63 boys) at 2
years (median 23.3 months), 103 children (n=50 girls, n=53
boys) at 3 years (median 36.3 months), 95 children (n =44 qirls,
n=>51 boys) at 4 years (median 48.2 months), and 98 children
(n =48 girls, n =50 boys) at 5 years of age (median 60.3 months).
A flowchart of all participants is given in Supplemental Figure S1.
Most listed dropout reasons were a lack of time or relocation of
the participating families. No significant differences between
individuals who completed the sonographic assessment at 5 years
of age from the remaining individuals in socio-demographic and
clinical variables were detected (data not shown).

Anthropometric measurements

Anthropometric measurements for all participants divided by age
groups are presented in Table 1. Girls showed significant higher
values for suprailiac skinfolds from 2 years onward. Significant
higher fat mass (calculated from the sum of 4 SFTs) was observed
for the first time at 4 years of age with a mean difference of 400 g
(95% Cl —0.6, —0.1; P =0.003). In contrast, boys sustained to have
significantly more lean body mass between 2 and 5 years of age.

Development of abdominal subcutaneous and preperitoneal fat
areas

Differences between boys and girls in the development of
subcutaneous and preperitoneal fat areas persisted up to 5 years
of age with a considerable variation between the sexes in
all age groups (Table 2). In addition, Fig. 1 illustrates the
effect of age (1a) and sex (1b-d) on subcutaneous and
preperitoneal fat measures from previous'® and current findings.
Preperitoneal fat area increased significantly from 2 to 5 years
of age (all P values <0.001). Comparatively, subcutaneous fat
area modestly increased with significant changes in the axial
plane from 2 to 3 years (area,ya, P=0.021) and 3 to 4 years
(area,yia, P=0.030) and from 3 to 4 years in the sagittal plane,
respectively (areasygitar P =0.033). Subcutaneous fat measure-
ments were significantly higher in females at each time point
investigated. While there was no evidence of a difference between
sexes in regard to preperitoneal fat area up to the second year
of life, data showed significant differences from 3 years onward,
with greater area in females (preperitoneal areag,gial at 3
years: estimated mean difference —4.8 mm?; 95% Cl: —8.6, —0.9;
P=0.016).

Correlations of abdominal fat measures with anthropometric
outcomes

Table 3 presents Spearman correlation coefficients between
abdominal adipose tissue measurements and anthropometric
measurements from 2 to 5 years of age. Weak positive correlations
were observed between the preperitoneal area and both the
suprailiac SFT and the sum of 4 SFTs up to 5 years. We observed
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Table 1. Anthropometric measurements at 2, 3, 4, and 5 years of age
Age Parameter All Female Male Estimated mean difference (95% Cl) P
Mean (SD) n Mean (SD) n Mean (SD) n

2 years  Weight (kg) 12.4 (1.4)?° 111 12.1 (1.3) 48 12.6 (1.4) 63 0.5 (0.1, 1.0 0.020
Height (cm) 87.1 (2.8) 111 86.9 (2.7) 48 87.2(2.8) 63 0.5 (04, 1.4) 0.305
BMI (kg/m?) 16.3 (1.3) 111 16.0(1.3) 48  16.6 (1.3) 63 0.5 (0.0, 0.9 0.035
BMI percentiles 54.6 (27.6) 111 50.7 (27.4) 48 57.6 (27.6) 63 6.1 (—3.1,15.2) 0.196
Biceps (mm) 4.8 (0.9) 109 4.9 (0.9) 47 4.8 (0.9) 62 —0.2 (—0.5, 0.2) 0.338
Triceps (mm) 8.7 (1.7) 106 8.8 (1.5) 46 8.7 (1.8) 60 —0.1(-0.7,0.5) 0.811
Subscapular (mm) 6.1 (1.1) 111 6.2 (1.1) 48 6.0 (1.1) 63 —0.3 (—0.7, 0.1) 0.181
Suprailiac (mm) 4.2 (0.9) 108 4.5 (0.9) 46 3.9 (0.7) 62 —0.6 (—0.9, —0.3) <0.001
Sum of 4 SFTs (mm) 23.8 (3.4) 105 244 (3.6) 45 233 (3.2) 60 —1.1(-23,0.1) 0.081
Fat mass (kg) 2.40 (0.5) 105 2.4 (0.5) 45 24 (0.5) 60 0.0 (—0.2,0.2) 0.858
Lean body mass (kg) 10.0 (1.0) 105 9.8 (0.9) 45 10.3 (1.0) 60 0.5(0.2,0.8) 0.001
Waist circumference (cm)  48.0 (2.7) 94 47.8 (3.2) 41 48.2 (2.4) 53 04 (-0.7,14) 0.465

3 years  Weight (kg) 14.6 (1.7) 103 143 (1.5) 50 149 (1.9 53 0.5(-0.1, 1.0 0.107
Height (cm) 96.4 (3.5) 103 96.3 (3.6) 50 96.6 (3.4) 53 0.0(-1.21.2) 0.966
BMI (kg/mz) 15.6 (1.1) 103 154 (1.0) 50 15.9 (1.2) 53 0.4 (0.1, 0.8) 0.024
BMI percentiles 49.4 (25.6) 103  45.0 (24.8) 50 53.5(25.8) 53 7.4 (-1.2, 16.0) 0.092
Biceps (mm) 4.9 (0.9) 98 5.0 (0.8) 47 4.8 (0.9 51 —0.4 (—-0.7, —0.0) 0.026
Triceps (mm) 8.8 (1.6) 98 9.1 (1.7) 47 8.6 (1.6) 51 —-04(-1.0,0.2) 0.186
Subscapular (mm) 5.5 (1.0) 98 5.7 (1.1) 47 5409 51 —04 (-0.7, —0.0) 0.029
Suprailiac (mm) 4.1 (0.9 97 4.5 (1.0) 47 3.7 (0.7) 50 -0.8(—1.1, —0.5) <0.001
Sum of 4 SFTs (mm) 23.3 (3.6) 97 24.3 (3.8) 47 224 (3.2) 50 —2.0(-3.3,-0.8) 0.001
Fat mass (kg) 2.7 (0.6) 97 2.8 (0.6) 47 2.6 (0.6) 50 —-0.2 (-04, 0.0) 0.052
Lean body mass (kg) 11.9 (1.3) 97 11.5 (1.0) 47 123 (1.4) 50 0.7(03,1.1) 0.001
Waist circumference (cm)  49.8 (2.6) 103 496 (2.5) 50 50.1 (2.7) 53 03(-07 1.2) 0.595

4 years  Weight (kg) 16.7 (2.1) 95 16.3 (1.9) 44 17.0 (2.2) 51 04 (—0.2, 1.1) 0.208
Height (cm) 103.7 (4.1) 95 103.4 (3.9) 44 103.9 (4.2) 51 0.1 (—1.2, 1.5) 0.831
BMI (kg/mz) 15.4 (1.1) 95 15.2 (1.2) 44 15.7 (1.1) 51 0.3 (—0.1, 0.7) 0.160
BMI percentiles 48.7 (26.5) 95 44.8 (27.4) 44 521 (25.5) 51 40 (5.0, 13.0) 0.381
Biceps (mm) 4.9 (0.9) 93 5.1 (1.0) 44 47 (0.9) 49 —-0.5(-08, —0.1) 0.007
Triceps (mm) 9.3 (1.6) 93 9.3 (1.6) 44 9.2 (1.6) 49 —-0.2(-08,04) 0.526
Subscapular (mm) 5.2 (0.9) 92 5.4 (0.8) 43 5.1 (1.0 49 —-0.5(-0.8, —0.1) 0.009
Suprailiac (mm) 4.1 (1.1) 92 4.5 (1.3) 43 3.8 (0.8) 49 —-0.7 (-1.1, -0.3) <0.001
Sum of 4 SFTs (mm) 23.5 (3.6) 92 24.3 (3.8) 43 229 (2.8) 49 —-2.0(-34,-07) 0.003
Fat mass (kg) 3.0 (0.7) 92 3.2 (0.7) 43 29(0.7) 49 —04 (-06, —0.1) 0.003
Lean body mass (kg) 13.6 (1.6) 92 13.1 (1.4) 43 141 (1.7) 49 0.8(03,1.3) 0.002
Waist circumference (cm)  51.7 (2.9) 95 51.3 (2.9) 44 519 (2.8) 51 0.3 (-0.8, 1.3) 0.634

5 years  Weight (kg) 19.0 (2.7) 98 18.6 (2.6) 48 19.3 (2.8) 50 0.6 (-0.3,1.4) 0.209
Height (cm) 110.9 (4.6) 98 111.0 (4.5) 48 110.8 (4.6) 50 —-04(-19 1.1) 0.634
BMI (kg/mz) 154 (1.3) 98 15.0 (1.3) 48 15.7 (1.3) 50 0.5(0.1,1.0) 0.024
BMI percentiles 473 (26.2) 98 414 (259) 48 53.0(255) 50 9.1(0.1,18.1) 0.048
Biceps (mm) 4.9 (1.2) 97 5.1 (1.3) 47 47 (1.1) 50 —-0.5(-1.0, —0.1) 0.019
Triceps (mm) 9.5 (1.8) 98 9.7 (2.0) 48 9.4 (1.5) 50 —-04(-1.0,0.3) 0.306
Subscapular (mm) 5.3 (0.9) 97 5.4 (1.0) 47 5.2 (0.9) 50 —-0.5(-0.8, —0.1) 0.012
Suprailiac (mm) 4.5 (1.5) 96 5.1(1.7) 46 4.1 (1.0 50 —-1.1(-1.6, —0.6) <0.001
Sum of 4 SFTs (mm) 249 (4.5) 2 25.2 (5.2) 46 233 (3.6) 50 -25(-42,-09) 0.003
Fat mass (kg) 3.5 (1.0 96 3.7 (1.1) 46 3.3 (0.9) 50 —0.6(-09, —0.2) 0.001
Lean body mass (kg) 15.6 (2.0) 96 15.0 (1.7) 46 16.1 (2.0 50 1.1(0.5, 1.8) <0.001
Waist circumference (cm) 53.0 (4.4) 98 52.5 (3.5) 48  53.5 (5.1) 50 0.7 (—0.9, 2.4) 0.386

?Data are presented as mean * SD (n) along with the nonadjusted mean difference (95% confidence interval) from mixed models containing time, sex, and an

interaction between sex and time
SFT skinfold thickness
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Table 2. Subcutaneous and preperitoneal fat measurements by age and gender (2-5 years)
Age Parameter All Female Male Estimated mean difference (95% Cl) P
Mean (SD) n Mean (SD) n Mean (SD) n
2 years Area ax sc (mm?) 24.4 (12.3)° 111 28.7 (14.3) 48 21.2 (94) 63 —7.5(-11.6, —3.3) <0.001
Area sag sc (mm?) 18.7 (10.9) 111 21.5 (12.6) 48 16.6 (9.0) 63 —5.2(-8.8, —1.5) 0.006
Area sag pp (mm?) 23.7 (7.5) 111 24.4 (6.8) 48 23.1 (8.0 63 —1.2 (-3.8, 1.3) 0.345
Ratio PP/SC 1.6 (1.1) 111 1.5 (0.9) 48 1.8 (1.2) 63 0.3 (-0.1, 0.7) 0.097
3 years Area ax sc (mm?) 27.2 (17.8) 102 33.3 (20.8) 50 21.4 (11.9) 52 —-11.8 (—17.4, —6.2) <0.001
Area sag sc (mm?) 19.6 (12.0) 103 23.8 (13.7) 50 15.7 (8.6) 53 —8.2 (—12.0, —4.5) <0.001
Area sag pp (mm?) 326 (11.2) 102 346 (11.7) 49 30.8 (10.5) 53 —4.8 (—8.6, —0.9) 0.016
Ratio PP/SC 22 (1.5) 102 1.9 (1.0) 49 2.6 (1.7) 53 0.7 (0.2, 1.2) 0.004
4 years Area ax sc (mm?) 28.0 (19.4) 95 343 (22.4) 44 22.5 (14.5) 51 —14.8 (—21.6, —8.0) <0.001
Area sag sc (mm?) 19.9 (12.2) 93 249 (13.1) 42 15.9 (9.8) 51 —10.4 (—14.6, —6.3) <0.001
Area sag pp (mm?) 40.6 (13.9) 94 44.3 (13.8) 43 37.5(13.4) 51 —74 (=122, -2.7) 0.002
Ratio PP/SC 2.8 (1.8) 93 22 (1.3) 42 3.2 (2.0) 51 1.1 (04, 1.7) <0.001
5years  Area ax sc (mm?) 29.3 (20.0) 98 351(226) 48 236(153) 50 —13.8(-20.9, —6.7) <0.001
Area sag sc (mm?) 20.7 (12.9) 97 24.5 (14.4) 47 17.1 (10.2) 50 —8.7 (—13.2, —4.2) <0.001
Area sag pp (mm?) 484 (14.2) 96 51.7 (14.2) 47 452 (13.6) 49 —7.7 (-12.6, —2.9) 0.002
Ratio PP/SC 3.2 (2.1) 926 2.8 (1.6) 47 3.6 (2.5) 49 0.9 (0.2, 1.7) 0.012
Area ax sc area of subcutaneous fat in sagittal plane, Area sag pp area of preperitoneal fat in sagittal plane, Area sag sc area of subcutaneous fat in sagittal plane
Ratio PP/SC ratio of preperitoneal/subcutaneous fat areas (from sagittal plane only); US ultrasonography
?Data are presented as mean =+ SD (n) along with the nonadjusted mean difference (95% confidence interval) from mixed models containing time, sex, and an
interaction between sex and time
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Fig. 1 In continuation of a previously published figure (6 wk-1y),'® the effect of age and sex on abdominal subcutaneous and preperitoneal

fat tissue compartments by ultrasound is given (6 wk-5 y), stratified by the time point of investigation. a Comparison of areas of subcutaneous
and preperitoneal fat in 6-wk-, 4-mo-, and 1-, 2-, 3-, 4-, and 5-y-old infants/children. b-d Effect of sex on area of subcutaneous fat in the axial
plane (b), area of subcutaneous fat in the sagittal plane (c), and area of preperitoneal fat in the sagittal plane (d), stratified by sex. The
estimated means and 95% confidence intervals from a mixed linear model with time, sex, and an interaction between sex and time as fixed
effects are presented

similar correlations between the preperitoneal fat area and waist
circumference, which was the strongest at 5 years (r;=0.326,
P=0.001). Estimates for correlation coefficients between the
preperitoneal area and other anthropometric measures were
similar with the first-year results with the exception of triceps

measurements at 3 years (r;=0.315 P=0.002) and biceps
measurements at 4 years (r;=0.349, P=0.001). Subcutaneous
fat areas from both the sagittal and axial planes and weight, BMI/
BMI percentiles, and skinfolds were moderately to highly
correlated, with the highest correlations between subcutaneous
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Table 3. Spearman correlation coefficients between US and anthropometric measures (2-5 years)
Age Parameter Area sag pp Area sag sc Area ax sc Ratio PP/SC
rs P rs P rs P rs P

2 years Weight (kg) 0.254 [111]° 0.001 0.457 [111] <0.001 0.508 [111] <0.001 —0.311 [111] 0.001
Height (cm) 0.129 [111] 0.178 0.166 [111] 0.081 0.222 [111] 0.019 —0.112 [111] 0.243
BMI (kg/m?) 0.233 [111] 0.014 0.490 [111] <0.001 0.517 [111] <0.001 —0.345 [111] <0.001
BMI percentiles 0.254 [111] 0.007 0.510 [111] <0.001 0.540 [111] <0.001 —0.357 [111] <0.001
Biceps (mm) 0.165 [109] 0.086 0.465 [109] <0.001 0.457 [111] <0.001 —0.397 [109] <0.001
Triceps (mm) 0.115 [106] 0.239 0.372 [106] <0.001 0.384 [106] <0.001 —0.335 [106] <0.001
Subscapular (mm) 0.318 [111] 0.001 0.572 [111] <0.001 0.579 [111] <0.001 —0.409 [111] <0.001
Suprailiac (mm) 0.315 [108] 0.001 0.638 [108] <0.001 0.652 [108] <0.001 —0.496 [108] <0.001
Sum of 4 SFTs (mm) 0.323 [105] 0.001 0.664 [105] <0.001 0.661 [105] <0.001 —0.527 [105] <0.001
Waist circumference (cm) 0.280 [94] 0.006 0.498 [94] 0.006 0.555 [94] <0.001 —0.353 [94] <0.001

3 years Weight (kg) 0.270 [102] 0.006 0.383 [103] <0.001 0.395 [102] <0.001 —0.226 [102] 0.023
Height (cm) 0.287 [102] 0.003 0.182 [103] 0.066 0.154 [102] 0.123 —0.021 [102] 0.837
BMI (kg/m?) 0.159 [102] 0.111 0.396 [103] <0.001 0.443 [102] <0.001 —0.296 [102] 0.002
BMI percentiles 0.169 [102] 0.089 0.408 [103] <0.001 0.459 [102] <0.001 —0.303 [102] 0.002
Biceps (mm) 0.247 [97] 0.015 0.558 [98] <0.001 0.568 [97] <0.001 —0.413 [97] <0.001
Triceps (mm) 0.315 [97] 0.002 0.337 [98] 0.001 0.374 [97] <0.001 —0.166 [97] 0.104
Subscapular (mm) 0.188 [97] 0.065 0.591 [98] <0.001 0.591 [97] <0.001 —0.488 [97] <0.001
Suprailiac (mm) 0.333 [96] 0.001 0.789 [97] <0.001 0.839 [96] <0.001 —0.618 [96] <0.001
Sum of 4 SFTs (mm) 0.342 [96] 0.001 0.655 [97] <0.001 0.696 [96] <0.001 —0.476 [96] <0.001
Waist circumference (cm) 0.209 [102] 0.035 0.405 [103] <0.001 0.472 [102] <0.001 —0.284 [102] 0.004

4 years Weight (kg) 0.260 [94] 0.012 0.370 [93] <0.001 0.350 [95] 0.001 —0.249 [93] 0.016
Height (cm) 0.219 [94] 0.034 0.149 [93] 0.153 0.098 [95] 0.345 —0.051 [93] 0.626
BMI (kg/m?) 0.233 [94] 0.024 0.406 [93] <0.001 0.426 [95] <0.001 —0.288 [93] 0.005
BMI percentiles 0.253 [94] 0.014 0.435 [93] <0.001 0.454 [95] <0.001 —0.317 [93] 0.002
Biceps (mm) 0.349 [92] 0.001 0.490 [91] <0.001 0.438 [93] <0.001 —0.384 [91] <0.001
Triceps (mm) 0.165 [92] 0.116 0.500 [91] <0.001 0.397 [93] <0.001 —0.478 [91] <0.001
Subscapular (mm) 0.234 [91] 0.026 0.587 [90] <0.001 0.560 [92] <0.001 —0.531 [90] <0.001
Suprailiac (mm) 0.339 [91] 0.001 0.738 [90] <0.001 0.751 [92] <0.001 —0.585 [90] <0.001
Sum of 4 SFTs (mm) 0.326 [91] 0.002 0.702 [90] <0.001 0.654 [92] <0.001 —0.601 [90] <0.001
Waist circumference (cm) 0.266 [94] 0.010 0.501 [93] <0.001 0.492 [95] <0.001 —0.369 [93] <0.001

5 years Weight (kg) 0.271 [96] 0.008 0.516 [97] <0.001 0.416 [98] <0.001 —0.391 [96] <0.001
Height (cm) 0.271 [96] 0.008 0.219 [97] 0.004 0.197 [98] 0.052 —0.193 [96] 0.059
BMI (kg/m?) 0.153 [96] 0.137 0.485 [97] <0.001 0.453 [98] <0.001 —0.409 [96] <0.001
BMI percentiles 0.164 [96] 0.110 0.503 [97] <0.001 0.474 [98] <0.001 —0.426 [96] <0.001
Biceps (mm) 0.177 [95] 0.087 0.599 [96] <0.001 0.573 [97] <0.001 —0.569 [95] <0.001
Triceps (mm) 0.259 [96] 0.011 0.433 [97] <0.001 0.465 [98] <0.001 —0.371 [96] <0.001
Subscapular (mm) 0.219 [95] 0.033 0.616 [96] <0.001 0.624 [97] <0.001 —0.560 [95] <0.001
Suprailiac (mm) 0.414 [94] <0.001 0.788 [95] <0.001 0.809 [96] <0.001 —0.632 [94] <0.001
Sum of 4 SFTs (mm) 0.322 [94] 0.002 0.723 [95] <0.001 0.744 [96] <0.001 —0.628 [94] <0.001
Waist circumference (cm) 0.326 [96] 0.001 0.593 [97] <0.001 0.577 [98] <0.001 —0.452 [96] <0.001

Area ax sc area of subcutaneous fat in sagittal plane, Area sag pp area of preperitoneal fat in sagittal plane, Area sag sc area of subcutaneous fat in sagittal plane,

BMI body mass index, Ratio PP/SC ratio of preperitoneal/subcutaneous fat areas (from sagittal plane only), SAT subcutaneous adipose tissue, SFT skinfold

thickness, VAT visceral adipose tissue

aSpearman correlation coefficients; n in brackets (all such values)

fat in the axial plane and suprailiac SFT (at 5 years: r,=0.809, P
value < 0.001). Furthermore, relatively strong correlations were
observed between waist circumference and subcutaneous fat
areas (subcutaneous areas,gia at 5 years: ry=0.593; subcuta-
Neous areaq at 5 years: r,=0.577, both P values <0.001). The
ratio of preperitoneal to subcutaneous fat and anthropometric
measures were consistently negatively correlated in all age
groups.

Pediatric Research (2018) 84:677 - 683

DISCUSSION
This is the first study that provides a longitudinal overview of fat
development throughout both infancy and early childhood up to
the 5th year of life. Additionally, these findings give insight into
the differences in fat development between boys and girls during
early life stages.

Following our cohort up to preschool age, we observed that the
preperitoneal fat area steadily increased in mass. Conversely,
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subcutaneous fat decreased from the first to second year of life,
with a slight increase noted from 2 to 5 years of age. Our data
showed that subcutaneous fat areas in girls were significantly
larger than those observed in boys up to 5 years. In contrast, there
was no significant difference in preperitoneal fat areas between
infant girls and boys up to 2 years. Notably, from 3 years onward,
we observed greater accretion of preperitoneal fat mass in young
girls. The relationships between anthropometry and US measure-
ments from 2 to 5 years were similar to the results observed in our
cohort of infants < 1 year. Of note, the suprailiac skinfold measure
and the sum of 4 SFTs most accurately estimated subcutaneous
fat areas, while the relationships between anthropometry and
preperitoneal fat areas were rather weak.

A significant increase of 45% of preperitoneal fat area was
detected in a cohort of 210 children from the age of 1 to 2 years
by Holzhauer et al.° These results are similar to the 33% average
increase of preperitoneal fat which we observed in our
population (preperitoneal areag,giral at 1 year: 17.8 mm?, at 2
years: 23.7 mm?; P<0.001). These results are also in line with a
review,?® which concludes that visceral fat accumulation starts
early in life. However, in regard to subcutaneous fat, we have
seen a significant decrease of the areas in the sagittal and axial
planes from 1 to 2 years by 34 and 23% (both P<0.001),
respectively, while Holzhauer et al.° observed an increase of 1%
(P=0.78). The discordance of findings may be explained by
heterogeneity between studies. Notably, our study design was
longitudinal and investigated a smaller study population. In
contrast, Holzhauer and colleagues’ approach was cross-sectional
and examined different children for the two measurement time
points. From the ages of 2-5, subcutaneous fat areas remained
relatively stable for boys and girls combined. Literature provides
evidence that a reduction in fat percentage is observed between
2 and 5years,” with a minimum of body fat at 5-7 years, before
body fatness increases into adulthood, referred to as adiposity
rebound.”’*®

Convincing evidence demonstrates sex-specific differences in
adipose tissue depots in adults with higher volumes of
subcutaneous fat in women, and higher visceral fat volumes in
men.”’ Existing data on gender differences in early infancy
through childhood are limited and have not yet been clearly
identified, as inconsistencies across studies exist.>**' In contrast to
those in adults, several studies have shown significantly higher
rates of intraabdominal AT growth in girls compared to boys, yet
the age at which point the shift happens differs between
studies.>'8193233 Ghen et al. investigated subcutaneous AT depots
by MRI in a cohort of 499 children and adults aged 5-88 years. The
results from this cross-sectional study suggest that subcutaneous
AT volumes are larger in females of all ages. Of note, the total
visceral AT volume was also greater in females until 12 years, at
which point males were observed to have larger visceral AT
volumes.®* The Generation R study examined fat depots in 199
boys and 194 girls at 2 and 6 years. They observed that a larger
area of subcutaneous fat was already present in 2-year-old girls,
and that preperitoneal fat area was considerably larger in girls at 6,
but not at 2 years.® Our data confirm these results, suggesting
that sex-differential adipose tissue expansion develops very early
in childhood. In contrast, higher volumes of visceral fat, measured
by US, has been observed in boys compared to girls at 12 months
(n =258 boys, n =237 girls; P=0.04), but not at 3 months (n=
254 boys, n = 233 girls; P=0.9), while subcutaneous volumes did
not differ significantly at both time points.'* Higher volumes of
intraabdominal, abdominal, and subcutaneous AT were observed
by Benfield et al.>% in a group of 74 13-year-old girls compared to a
sample of 96 male counterparts. In addition, they reported a
significantly higher ratio of preperitoneal to subcutaneous fat
areas in teenage boys, which, they suggest, may indicate the
beginning of sexual dimorphism in fat patterning. However, we
observed a significantly higher ratio in boys for the first time at 3
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years of age, and others have seen this pattern appear between 2
and 7 years of age, which suggests more AT deposited intra-
abdominally.'”2%*° Research indicates that the shift in visceral fat
most likely emerges during the pubertal/early postpubertal
period, with sexual maturation and hormone secretion as
important determinants for this change. Longitudinal studies in
early childhood could elucidate our understanding of the
differences in growth patterns of subcutaneous and preperito-
neal/intraabdominal fat development between boys and girls.3' It
is particularly interesting that when employing indirect methods
to measure AT (via SFT measurement), significant sex differences
in fat mass were first detectable at 4 years.

The best indirect predictor of intraabdominal fat mass in
adolescents between 7 and 16 years is waist circumference
measurement, which accounts for 64.8% of the variance in visceral
AT3® This measurement has also been used to estimate
abdominal fat mass in young children,” although a validation
study indicated that waist circumference as a predictor of visceral
fat in newborns is likely to be unreliable in early life, showing
almost no relationship to visceral AT volume measured by MRI
(r=0.08, P>0.05). Conversely, visceral AT assessed by US and
visceral AT measured by MRI were significantly positively
correlated (r=0.48, P<0.05)." Our results also showed rather
weak correlations between preperitoneal fat areas and waist
circumference with the highest value at 5 years (r=0.326,
P=0.001) and confirm previous findings. Comparatively, SFT
measurements, especially the suprailiac skinfold, was more
strongly associated.

Admittedly, our study has some limitations. As we have made
small adaptations to a published sonographic technique,® our
study is lacking a gold standard for validation. Further, we have a
defined cohort of healthy, mostly normal-weight German
children of Caucasian origin with a small sample size that is
decreasing by study duration. All aspects combined results in
conclusions that cannot be generalized. Nevertheless, this
follow-up study is unique, as it presents for the first time
longitudinal US data for children from birth until 1 year,'® with a
follow-up to 5 years of age. Further, the study offers an extensive
set of direct and indirect methods for the assessment of body
composition, which enables comparisons between the different
methods.

In conclusion, this is the first time that longitudinal US data
spanning the first 5 years of life starting in early infancy until
early childhood are presented. In this follow-up study from 2 to
5 years of life, the evaluation revealed a differential develop-
ment of abdominal subcutaneous and preperitoneal fat,
depending on children’s age and sex. Thus, our results strongly
suggest to use direct techniques such as US for future
prospective studies of AT development and fat distribution. In
addition, it is crucial in this context to consider both sex- as well
as fat depot-specific differences in AT growth trajectories in
early childhood.
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