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Sonographic assessment of abdominal fat distribution during

the first year of infancy
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BACKGROUND: L ongitudinal data regarding the fat distribu-
tion in the early postnatal period is sparse.

METHODS: We performed ultrasonography (US) as a nonin-
vasive approach to investigate the development of abdominal
subcutaneous (SC) and preperitoneal (PP) fat depots in infants
<1y and compared longitudinal US data with skinfold thick-
ness (SFT) measurements and anthropometry in 162 healthy
children at 6wk, 4 mo, and 1y postpartum.

RESULTS: US was found to be a reproducible method for the
quantification of abdominal SC and PP adipose tissue (AT) in
this age group. Thickness of SC fat layers significantly increased
from 6wk to 4 mo and decreased at 1y postpartum, whereas
PP fat layers continuously increased. Girls had a significantly
higher SC fat mass compared to boys, while there was no sex-
specific difference in PP fat thickness. SC fat layer was strongly
correlated with SFT measurements, while PP fat tissue was only
weakly correlated with anthropometric measures.
CONCLUSION: US is a feasible and reproducible method for
the quantification of abdominal fat mass in infants <1y of age.
PP and SC fat depots develop differentially during the first year
of life.

hildhood obesity has become a global epidemic (1) and

there is growing evidence that the first year of life, a phase
of rapid growth, constitutes a critical period for the onset of
obesity in later life (2). Many studies among adults suggest that
potential health risks of obesity such as cardiovascular dis-
ease or type 2 diabetes do not only depend on the amount of
body fat, but also on the type of fat distribution. Abdominal
fat, especially, has been identified to play a central role for the
development of complications because of its close relationship
to insulin resistance and metabolic cardiovascular risk factors
(3,4). Also in children and adolescents, disturbances of insulin
and glucose metabolism as well as signs of an unfavorable lipid
profile have been described in relation to abdominal fat (5-7).
Thus, the role of abdominal fat distribution during infancy and
childhood is gaining recognition.

General growth parameters, such as BMI, skinfold thick-
ness (SFT) measurements, and waist circumference or waist-
to-hip ratio are widely used as measures of body fatness in
infants and children, but they do not directly quantify fat
compartments. Measurement of waist circumference offers
an indirect and crude alternative for the assessment of body
fat distribution, but cannot distinguish between subcutaneous
(SC) and visceral fat, respectively. However, this parameter is
not as accurate as direct measures like ultrasonography (US),
computer tomography (CT), or magnetic resonance imaging
(MRI) (8-10). Techniques like MRI or CT are expensive and
represent a burden for the child, because these examinations
are uncomfortable and time-consuming or expose the infants
to radiation (11).

US is an easily accessible, inexpensive, radiation-free, and
noninvasive approach to measure abdominal adipose tis-
sue (AT). Holzhauer et al. (12) proposed ultrasound as an
adapted technique to measure SC and preperitoneal (PP)
fat depots in a cross-sectional study of 212 1-y and 227
2-y olds, respectively, a method which was described by
Suzuki et al. (13) in 1993. It could be shown that US pro-
vides a reliable and reproducible estimate of SC and PP fat
depots when compared to CT in which PP fat mass was
found to be related to abdominal visceral fat mass. Therefore,
US is a suitable method for epidemiological and clinical
approaches (13,14).

To date, the technique of Holzhauer et al. has not been
applied to generate longitudinal sonographic data on AT
growth in a younger pediatric population <1 y of age.
However, a different protocol for estimating visceral and SC
fat in the first year of infancy has been applied by a different
study (15). Aim of the present study was to generate longitu-
dinal sonographic data on AT growth during early infancy.
US measurements were performed in parallel with SFT mea-
surements and anthropometry to assess how these measures
are correlated. For this purpose, the US technique described
originally by Holzhauer et al. (12) was adapted slightly for use
in very young infants (< 1y of age).
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RESULTS

Participant Characteristics

The analyses included 162 infants (n = 77 gitls, n = 85 boys)
aged 6 wk (median 6.33 wk) and 160 infants (n = 79 girls, n = 81
boys) aged 4 mo (median 3.64 mo) who underwent sonographic

examinations as well as anthropometric and SFT measurements
during regular study visits. Overall 160 children (n = 84 girls,
n =76 boys) completed the investigations at 1 y of age (median
1.04 y). The anthropometric and ultrasound data are presented
in Tables 1 and 2. All infants were born full-term between the

Table 1. Anthropometric variables and skinfold thickness measurements at age 6wk, 4 mo,and 1y

Al Female Male Estimated mean
Age Parameter Mean (SD) n Mean (SD) n Mean (SD) n difference (95% Cl) Pvalue
6wk  Weight(g) 4,781.4(625.0) 162 4,638.8(557.4) 77 4,910.5(657.3) 85 269.5(85.8,453.1) 0.004
Length (cm) 55.8(2.4) 162 55.3(2.2) 77 56.3(2.5) 85 1.1(04,1.8) 0.002
BMI (kg/m?) 15.3(1.3) 162 15.2(1.3) 77 15.4(1.2) 85 0.2(-0.1,0.6) 0.208
Biceps SFT (mm) 4.4(0.9) 162 4.2(0.8) 77 4.5(1.0 85 0.3(0.0,0.6) 0.034
Triceps SFT (mm) 6.6 (1.4) 162 6.5(1.3) 77 6.8(1.4) 85 0.2(-0.2,0.7) 0.251
Subscapular SFT (mm) 6.2(1.3) 162 6.3(1.2) 77 6.1(1.3) 85 —-0.3(-0.6,0.1) 0.186
Suprailiacal SFT (mm) 4.8(1.1) 162 0(1.1) 77 4.6(0.9) 85 -0.5(-0.8,-0.2) 0.003
Sum 4 SFT (mm) 22.0(3.8) 162 22.0(3.6) 77 22.0(4.0 85 -0.2(-1.4,0.9) 0.684
Body fat (%) 19.0(3.0) 162 19.0(2.8) 77 19.0(3.2) 85 -0.2(-1.2,0.7) 0.599
Fat mass (9) 918.8(232.4) 162 891.4(216.3) 77 943.6 (244.7) 85 41.7(-28.0,111.4) 0.241
Lean body mass (g) 3,862.5(437.9) 162 3,747.4(380.7) 77 3,966.9 (461.8) 85 233.7(105.7,361.7) <0.001
Subscapular-Triceps ratio 1.0(0.17) 162 0.99(0.18) 77 0.92(0.16) 85 —0.07 (-0.12,-0.02) 0.007
Central-to-total-SFT 0.5(0.04) 162 0.51(0.03) 77 0.49 (0.03) 85 —0.03 (-0.04,-0.02) <0.001
4 mo Weight (g) 6,394.7 (714.9) 160 6,153.6 (643.0) 79 6,629.8 (706.5) 81 482.9(278.0,687.9) <0.001
Length (cm) 62.5(2.1) 160 61.8(2.0) 79 63.1(2.0) 81 1.3(0.7,1.9) <0.001
BMI (kg/m?) 16.3(1.4) 160 16.1(1.3) 79 16.6 (1.3) 81 0.6 (0.1,1.0) 0.008
Biceps SFT (mm) 5.1(1.0) 160 5.1(1.1) 79 5.2(0.9) 81 0.1(-0.2,0.4) 0.654
Triceps SFT (mm) 7.8(1.5) 160 7.8(1.6) 79 7.8(1.4) 81 —-0.0(-0.5,0.5) 0.966
Subscapular SFT (mm) 6.5(1.3) 160 6.7 (1.5) 79 6.3(1.2) 81 -0.3(-0.7,0.1) 0.105
Suprailiacal SFT (mm) 6.0(1.4) 160 6.3(1.6) 79 5.7(1.2) 81 -0.6(-1.1,-0.2) 0.003
Sum 4 SFT (mm) 25.4(4.2) 160 25.9(4.6) 79 249(3.7) 81 -0.9(-2.2,0.3) 0.155
Body fat (%) 21.2(2.8) 160 21.5(3.0) 79 20.9(2.5) 81 -0.5(-1.4,0.3) 0.204
Fat mass (g) 1,364.0 (278.3) 160 1,331.2(280.0) 79 1,396.0 (274.6) 81 67.4(-16.1,150.8) 0.113
Lean body mass (g) 5,030.7 (517.5) 160 4,822.3 (456.0) 79 5,233.8(494.8) 81 415.1(269.8,560.4) <0.001
Subscapular-Triceps ratio 0.85(0.18) 160 0.88(0.21) 79 0.83(0.15) 81 —0.05(-0.11,0.01) 0.076
Central-to-total-SFT 0.49(0.04) 160 0.50(0.04) 79 0.48(0.03) 81 —0.02 (-0.03,-0.01) <0.001
1y Weight (g) 9,493.9(1047.2) 160 9,219.6 (950.1) 84 9,797.1(1071.6) 76 578.1(269.5, 886.6) <0.001
Length (cm) 75.2(2.7) 160 74.6(2.7) 84 75.9(2.5) 76 1.2(04,2.0) 0.003
BMI (kg/m?) 16.8(1.4) 160 16.6 (1.5) 84 17.0(1.4) 76 0.4(0.0,0.9) 0.050
Biceps SFT (mm) 5.2(1.3) 159 3(1.4) 83 5.0(1.1) 76 —-0.4(-0.7,0.0) 0.071
Triceps SFT (mm) 79(1.7) 159 8(1.4) 83 8.0(1.9) 76 0.2(-0.3,0.7) 0.362
Subscapular SFT (mm) 6.3(1.3) 160 5(1.4) 84 6.2(1.3) 76 —-0.4(-0.8,0.0) 0.071
Suprailiacal SFT (mm) 4.5(1.0) 155 ) 80 4.3(0.9) 75 —-0.4(-0.7,-0.1) 0.010
Sum 4 SFT (mm) 24.0(4.3) 155 244(44) 80 23.5(4.0 75 -1.0(-2.3,04) 0.152
Body fat (%) 19.7(2.9) 155 20.0(3.0) 80 19.3(2.8) 75 —-0.6(-1.5,0.3) 0.159
Fat mass (9) 1,884.2(431.9) 155 1,857.2(414.7) 80 1,913.0 (450.5) 75 54.8(-78.4,188.0) 0.419
Lean body mass (g) 7,624.4(727.0) 155 7,385.1(656.4) 80 7,879.6 (715.5) 75 498.5(285.6,711.5) <0.001
Subscapular-Triceps ratio 0.82(0.16) 159 0.84(0.15) 83 0.79(0.17) 76 —0.05(-0.11,-0.00) 0.035
Central-to-total-SFT 0.45(0.04) 155 0.46 (0.03) 80 0.45 (0.04) 75 —0.01(-0.03,-0.00) <0.001

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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37th and 42nd week of gestation, except #n = 4 preterm infants
and one post-term baby. Sixteen infants were born to mothers
suffering from gestational diabetes during pregnancy, which was
controlled by diet in 12 cases and treated with insulin in 4 cases.

Reproducibility

The intra- and interclass-correlation coefficients (ICC), in
Table 3, for the observers estimated distances (mean out of
three measurements) and the calculated areas for all measure-
ments suggest strong inter-observer agreement. Additionally,
the Bland-Altman plots did not show any relevant differences
between observer 1 and 2. On average, the measurements
of observer 1 were slightly higher than for observer 2 with a
mean difference of 0.38 mm? for the area of SC fat in sagittal
plane (area sag sc) (Figure 1a), 0.81 mm? for the area of SC
fat in axial plane (area ax sc) (Figure 1b) and 0.20 mm? for
the area of PP fat in sagittal plane (area sag pp) (Figure 1c),
respectively.

Intra-observer agreement showed comparable results for all
measures of the distances and areas of PP and SC fat with ICC
ranging from 0.87 (sag caudal pp) to 0.99 (ax r).

When stratified by age group, there was no evidence of a
trend in increasing ICC with age (data not shown).

Effect of Respiration

Breathing phases affect the thicknesses of the fat layers with the
greatest thickness at the end of the expiration phase: During
inspiration, the liver shifts toward distal direction, reducing
the PP fat layer. With increasing expiration, the liver is shifted
below the sternum and the layer becomes thicker (data not
shown). To consider this effect, measurements were made at
the end of expiration using the cine-loop-function.

Effect of Age
The ultrasound investigations showed pronounced differences
in the physiological growth of SC and PP fat depots over the

Table 2. SCand PP fat measurements assessed by US atage 6wk, 4 mo,and 1y

Al Female Male Estimated mean
Age Parameter Mean (SD) n Mean (SD) n Mean (SD) n difference (95% Cl) Pvalue
6 wk Area ax sc (mm?) 30.6(12.4) 162 32.1(11.6) 77 29.2(12.9) 85 -3.2(-7.0,0.5) 0.088
Area sag sc (mm?) 30.8(12.2) 160 33.0(11.9) 76 28.8(12.2) 84 -4.9(-8.6,1.2) 0.009
Area sag pp (mm?) 10.7 (3.5) 152 10.9(3.9) 72 10.6 (3.2) 80 -0.4(-1.5,0.7) 0.497
Ratio PP/SC 0.43(0.36) 152 0.41(0.43) 72 0.46(0.27) 80 0.04 (-0.07,0.15) 0.480
4mo Area ax sc (mm?) 44.8(16.6) 160 48.1(17.2) 79 41.6 (15.4) 81 -6.8(-11.7,-1.9) 0.007
Area sag sc (mm?) 41.5(12.0) 157 44.2(14.8) 77 38.8(14.9) 80 -5.2(-9.7,-0.7) 0.023
Area sag pp (mm?) 13.0(4.0) 150 13.3(3.9) 74 12.7 (4.2) 76 -0.4(-1.6,0.9) 0.583
Ratio PP/SC 0.34(0.15) 150 0.33(0.14) 74 0.36(0.16) 76 0.03(-0.01,0.07) 0.143
1y Area ax sc (mm?) 31.6(15.4) 158 34.1(17.3) 82 28.8(12.6) 76 -5.5(-10.1,-0.8) 0.021
Area sag sc (mm?) 28.4(13.3) 156 30.4(14.4) 80 26.4(11.9) 76 -4.1(-8.2,-0.1) 0.046
Area sag pp (mm?) 17.8(5.9) 155 18.0(5.8) 79 17.5(5.9) 76 -0.6(-2.4,1.3) 0.546
Ratio PP/SC 0.76(0.48) 155 0.71(0.36) 79 0.81(0.57) 76 0.11(-0.03,0.25) 0.124

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.

PP, preperitoneal; SC, subcutaneous; US, ultrasonography.

Table 3. Inter-and intraclass-correlation-coefficients (ICC) of the precision measurements

Inter-observer

agreement ICC (Cl 95%)?

Intra-observer

agreement ICC (Cl 95%)°

Mean out of three measurements

Area

sag cranial pp
sag caudal pp
sag cranial sc
sag caudal sc
axr

axm

ax|

Area sag pp
Area sag sc

Area ax sc

0.95(0.91,0.97)
0.94(0.89,0.97)
0.98(0.97,0.99)
0.98 (0.97,0.99)
0.99(0.97,0.99)
0.98(0.97,0.99)
0.99(0.97,0.99)
0.97(0.94,0.98)
0.99(0.97,0.99)
0.99(0.98,0.99)

0.98 (0.94, 1.00)
0.87(0.63,0.96)
0.98(0.93,0.99)
0.98 (0.95, 1.00)
0.99(0.98, 1.00)
0.97 (0.92,0.99)
0.99(0.97,1.00)
0.97 (0.90, 0.99)
0.98(0.95, 1.00)
0.99(0.97,1.00)

Data are presented as correlation coefficients (ICC) and corresponding 95% confidence intervals (Cl 95%); *Inter-observer agreement n = 45; ®Intra-observer agreement n = 12.
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Figure 1. Bland-Altman plots of the area sag sc (a), area ax sc (b), and area
sag pp (c), at 6wk (filled circle), 4 mo (open diamond), and 1y postpartum
(asterisk) of the two observers (observer 1 = E.H., observer 2 = D.M.). The
differences between the two observers were plotted against their aver-
ages. Average difference and the average difference + 2 SD, termed as
limits of agreements, are plotted.

first year of life (Table 2 and Figure 2a): Areas of SC fat layers
significantly increased from 6 wk (area ax sc = 30.6 mm?, area
sag sc = 30.8 mm?) to 4 mo postpartum (area ax sc = 44.8 mm?,
area sag sc = 41.5mm? P < 0.001) and then significantly
decreased toward the first year of life (area ax sc = 31.6 mm?,
area sag sc = 28.4mm?, P < 0.001).

In contrast, the PP fat layer significantly increased over all
measured time points with an estimated mean area sag pp of

Copyright © 2015 International Pediatric Research Foundation, Inc.

10.7 mm? in the 6-wk olds, 13.0 mm? in the 4-mo and 17.8 mm?
in the 1-y olds (all P < 0.001). Although, some sex differences
in the ultrasound measures were estimated, as discussed in
the following section, the same general trend with age was
observed (Figure 2b-d).

The ratio PP/SC of the two AT compartments first decreased
slightly from 0.43 to 0.34 due to the greater increase in SC fat.
Then, the ratio increased sharply to 0.76 reflecting a shift in the
abdominal fat tissue-ratio.

There was large variation in the fat layers between the infants
for all measuring positions at each time point of investigation.
For example, areas ranged from 3.41 to 40.10 mm? in PP fat
and ranged from 4.63 to 71.80 mm? in SC fat in sagittal plane
at 1y of age.

Effect of Sex

As shown in Table 2 and Figure 2b,c, there is some evidence
that females have greater SC fat layers compared to males,
particularly at 4 mo and 1 y. There is no evidence that PP fat
thickness differs between the sexes (Table 2 and Figure 2d).
Consistent with the results measured with US, girls were
estimated to have significantly thicker SC fat mass, assessed
by higher suprailiac SFT at 6wk, 4 mo, and 1 y postpartum
without consistently significant sex-specific differences in sub-
scapular, biceps, and triceps SFT measurements. The result-
ing calculated percentage of fat mass was slightly higher at 4
and 12 mo postpartum in girls, but these differences were not
statistically significant. Fat distribution was shifted toward a
more centralized pattern in the girls compared to the boys:
The subscapular-to-triceps SFT ratio was significantly higher
in the girls at 6 wk and 12 mo postpartum. In addition, a higher
central-to-total SFT ratio was estimated in girls at 6 wk, 4 mo,
and 12 mo postpartum (Table 1). However, boys had on aver-
age a significantly higher body weight and length at each time
point of investigation, attributable to a significantly higher lean
mass (all P <0.001).

Correlation Coefficients of the Different Fat Measures Among
Each Other and With Anthropometric Measures

There was strong correlation between the two measures of SC
fat at each time point (r > 0.9) (Figure 3a). However, the areas
calculated in the axial plane were significantly higher at 4 mo
and 1 y postpartum (both P < 0.001).

The correlations between the PP AT area and the SC AT
areas in sagittal and axial plane were weak (Spearman’s rho
area sag pp/area sag sc r = 0.24, area sag pp/area ax sc r = 0.25)
at 6wk, but increased with increasing age (Spearman’s rho at 1
y of age: area sag pp/area sag sc r = 0.47, area sag pp/area ax sc r
= 0.47). A scatterplot showing the association between SC and
PP in sagittal plane is presented in Figure 3b.

PP fat showed weak correlations with the anthropometric
measurements at the time points 6wk and 4 mo. The correla-
tion increased slightly at 1 y for PP fat tissue and subscapular
(r=0.41, P <0.001), suprailiacal (r=0.31, P < 0.001), and sum 4
SFT (r=0.38, P < 0.001). The association between PP fat layers
and sum 4 SFT and BMI is shown in Figure 3c,d, respectively.
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Figure 2. Effect of age and sex on subcutaneous and preperitoneal fat tissue compartments, stratified by the time point of investigation. (a) Comparison
of area ax sc (circle), area sag sc (diamond), and area sag pp (triangle) in 6wk, 4 mo, and 1-y-old infants. Estimated means and 95% confidence intervals
are from a mixed linear model with time as a fixed effect. (b-d) Effect of sex on area ax sc (b), area sag sc (c), and area sag pp (d) in 6 wk, 4 mo, and 1-y-old
females (filled squares) and males (open squares). Estimated means and 95% confidence intervals are from a mixed linear model with time, sex and an

interaction between sex and time as fixed effects.
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Figure 3. Scatterplots showing the association between subcutaneous (SC) adipose tissue (AT) in sagittal and axial plane (a), preperitoneal and SC AT
in sagittal plane (b) and between area sag pp (c,d) area sag sc (e,f) and anthropometric measures at 6 wk (filled circle), 4 mo (open diamond), and 1y
postpartum (asterisk).
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In contrast, the sonographic measures of SC fat tissue were
moderately correlated with body weight, length, and BMI at all
three time points. They were highly correlated with the sum
4 SFT, especially at 1 y postpartum (area sag sc r = 0.72, area ax
sc r = 0.71, Table 4), subscapular (area sag sc r = 0.70, area ax
sc r = 0.68), and suprailiac SFT (area sag sc r = 0.69, area ax sc
r = 0.70), whereas biceps and triceps SFT measurements
showed weak to moderate correlations during the assessment
period. Associations at each time point between SC fat layers
and sum 4 SFT and BMI are shown in Figure 3e,f, respectively.

DISCUSSION

The aim of the present study was to characterize how abdominal
PP and SC fat depots, assessed with US, change over the first year
of infancy and to compare these measures with anthropometric
measurements. Therefore, we adapted slightly the technique of
sonographic assessment of PP and SC fat, previously described
by Holzhauer et al., (12) for our cohort of infants <1 y of age.

Table 4. Spearman-correlation-coefficients between ultrasound and
anthropometric measures

6 wk Areasagpp Areasagsc Areaaxsc RatioPP/SC
Weight 0.17* 0.54% 0.56" -0.411
Length 0.14 0.271 0.25" —0.22%*
BMI 0.10° 0.57 0.60" —0.4372
Biceps 0.19* 0.39¢ 0.341 —0.25%*
Triceps 0.18* 0.511 0.50" -0.33"
Subscapular 0.11 0.60" 0.64" —-0.48"
Suprailiacal 0.21%* 0.65" 0.63" -0.471
Sum 4 SFT 0.20%*2 0.66"2 0.65" —-0.46"2
4mo Areasagpp Areasagsc Areaaxsc RatioPP/SC
Weight 0.14 0.40% 0.431 —-0.281
Length —0.05 0.02 0.04 -0.12
BMI 0.19* 0.492 0.52f —0.28"=
Biceps 0.09 0.30* 0.341 -0.19*
Triceps 0.06 0.48" 0.48" -0.36"
Subscapular 0.22%* 0.531 0.531 —-0.291
Suprailiacal 0.25%* 0.66" 0.68" —-0.40"
Sum 4 SFT 0.21% 0.63"2 0.65" —0.39"2
1y Areasagpp Areasagsc Areaaxsc RatioPP/SC
Weight 0.25%* 0.46' 0.411 -0.31%
Length 0.10 0.02 -0.04 0.06
BMI 0.26° 0.582 0.56 —0.44t2
Biceps 0.22%* 0.48' 0.46" —-0.331
Triceps 0.25%* 0.45* 0.44* -0.30"
Subscapular 0.411 0.70* 0.68" —0.451
Suprailiacal 0311 0.69' 0.70% —-0.50"
Sum 4 SFT 0.38"2 0.72%2 0.71% —-0.48"2

Values marked with stars show significant correlations at different levels (*P < 0.05;
*¥P<0.01; P <0.001); ’shown in Figure 3.
PP, preperitoneal; SC, subcutaneous; SFT, skinfold thickness.

Copyright © 2015 International Pediatric Research Foundation, Inc.

Regarding AT growth, we observed a significant increase of
SC fat layers from 6 wk to 4 mo and a decrease until 1y post-
partum. Our results suggest a different pattern for the develop-
ment of PP fat, which increased from 6 wk postpartum up to
the age of 1 y (all P < 0.001). There is some evidence that girls
have higher SC fat mass compared to boys, but there was no
evidence of a sex-specific difference in PP fat thickness. While
the SC fat layer assessed by US was strongly correlated with
SFT, PP fat tissue was only weakly correlated with conventional
anthropometric measures. In addition, we could show for the
first time that US is a reproducible method for the quantifica-
tion of abdominal SC and PP AT in this age group.

A major strength of our study is the longitudinal study design
and the relatively large and consistent number of subjects over
the survey period. Despite the very young study sample, the
results from intra- and inter-observer-analyses and the Bland-
Altman plots showed very good agreement and were compa-
rable with the findings of the study of Holzhauer et al. (12),
although we have followed a slightly different approach. While
the reproducibility in Holzhauer's paper refers to taking the
ultrasound images, we have examined it by analyzing the ultra-
sound images. However, both approaches showed very good
results, indicating a good reproducibility of the method.

Healthy infants gain body fat during their first months of
life and SC AT composes the main part of total body fat in the
first year postpartum, varying between 89.0 and 92.8% (16).
The percentage of total body fat reaches a maximum between
3 and 6 mo postpartum and then slowly decreases during the
second half of the first year of life (17,18). This is reflected in
our data combining direct and indirect methods and might
be due to an increased physical activity at about 6 mo when
the crawling phase begins. Holzhauer et al. (12) found a pro-
nounced increase of 45% in the thickness of the PP fat layer
during the second year of life, whereas the SC AT showed no
increase. Consequently, this resulted in a shift in the abdomi-
nal tissue-ratio toward an increase in PP fat mass. We could
show that the shift in abdominal fat distribution toward more
PP fat already occurs before the age of 1 y. Assuming that PP
fat is an approximation of intra-abdominal fat in children (14),
our results are consistent with another study which reported
a 20% increase in visceral fat between the third and twelfth
month postpartum, assessed sonographically (15). Olhager et
al. (19) also showed a significant increase in nonsubcutaneous
fat layers within the first 4 mo of infancy with MRI scans. Our
observations of differential changes in abdominal fat suggest
that the two different fat layers develop independently.

Sex differences in the pattern of fat distribution are well
known in adults, with women having greater SC and less vis-
ceral AT than men (10,20,21). Regarding SC fat, some authors
have shown that differences between sexes already occur in
childhood from the first year of life on (12,22-25), which could
also be demonstrated by our findings. These observations dif-
fer from studies that provided no evidence of gender-specific
differences under the age of ten (22,25). Regarding PP fat, sex
differences in visceral fat seem to be closely linked to age- and
puberty-related changes in fat distribution (8,22). However, the
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question remains open when such differences in fat patterning
first emerge because data in early childhood show conflicting
results (9,12,15,22,23,25,26). Further follow-up investigations
in children, especially for internal fat, are needed.

Within the first year of life, we found SC fat thickness by
US highly correlated with the sum 4 SFT and abdominal
SFT, particularly at 1 y of age. The associations with BMI and
weight were less pronounced. In contrast, PP fat was rather
found to be weakly correlated with these anthropometric mea-
surements. As SFT refers to the measurement of SC fat, this
explains why stronger correlation was observed with SC fat
than PP fat. Our results are in line with the observations from
Liem et al. (27), who showed in 6- to 7-y-old healthy children
that the sum of suprailiac and abdominal skinfolds was most
strongly associated with SC abdominal AT, assessed by CT, fol-
lowed by abdominal skinfolds, BMI, suprailiac skinfold, hip,
and waist circumferences.

Also in the study of Holzhauer et al., where skinfolds have
not been considered, BMI showed only a moderate association
with SC fat layers. However, in a meta-analysis of the pediatric
literature with 497 children aged 7-16 y, Brambilla et al. (8)
identified waist circumference as the best predictor for intra-
abdominal fat mass and BMI as the best single predictor of
SC fat although skinfolds as a predictor were not considered.
However, our SFT measurements, especially the sum of 4 SFT
and abdominal SFT measurements show stronger correlations
with SC fat areas directly measured by US than BML

There are some limitations of our study. Although the adap-
tation to the technique of Holzhauer et al. (15) was minor, our
study is lacking a gold standard for comparison such as MRI
in this specific age group. To definitively establish this US tech-
nique for the assessment of fat distribution in early infancy,
an age-specific validation with other direct methods is needed.
Furthermore, the study population consisted mostly of
German children with a BMI in the normal range. Therefore,
the results cannot be generalized to other ethnic groups or to
over- or underweight children. A clear differentiation of AT
layers with the stated anatomical reference structures is not
always possible; there remained some technical difficulties,
mostly due to the young age of the participants. For example,
the restlessness of the infants made the procedure challenging.
Another problem was caused by the high breathing-intensity
of the infants, with frequencies of 25-30/min, compared to
older children or adults and the influence of liver movements
on PP fat thickness. However, it was still possible to obtain
high-quality images, which was also reflected by high intra-
and interclass-correlation coeflicients.

Although direct methods, such as CT and MRI represent the
gold standard for the assessment of SC and PP AT, they have
only a limited application for scientific research in infants.
Reasons for that (i.e., apart from the cost- and time-consuming
certainty), include a high sensitivity to breathing motions (i.e.,
breath-holding techniques are not feasible in this age group),
the need for expensive measurement equipment, handled by
suitably trained personnel and the exposure to radiation (CT
only) (12,15). Mook-Kanamori and colleagues compared in
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a group of 34 nonobese children with a median age of 9.5 y
(95% range 0.3-17.0 y) SC and PP fat thickness and areas by
CT and US. Correlation coefficients ranged from 0.75-0.97
(all P < 0.001). Two other studies used a different sonographic
approach to assess SC and intra-abdominal AT and performed
validation studies with children (n = 31, range 6.0-7.9 y) (27)
and newborns (n = 22; range 6-19 d) (15). They validated US
against MRI measurements and showed moderate to strong
positive correlations. However, to definitively establish US for
the assessment of fat distribution in children, an additional
age-specific validation with a larger sample size for each age
group is required.

In summary, our data suggest that US is a feasible method
with good reproducibility for the quantification of abdomi-
nal SC and PP AT in early infancy. Especially, the latter was
described as a discretely developing fat depot. Our results
clearly indicate a differential growth of both fat depots towards
an increase in PP fat mass during the first year of life. Further
studies of longitudinal design, with different assessments over
the first year of life and beyond are warranted, to character-
ize the temporal pattern of AT development at the specific
anatomical locations. By associating this data with metabolic
parameters, this information may allow a better prediction and
prevention of disease risk early in life.

METHODS

Study Population

This analysis was embedded in the INFAT-study, a randomized, con-
trolled trial primarily designed to investigate the effect of fatty acids
in maternal nutrition during pregnancy and lactation on infant AT
development within the first year of life. Rationale, study design, and
the clinical results up to 1 y of age have been described in detail else-
where (28,29). The study population consisted of 208 healthy preg-
nant women of Caucasian origin (99.5%) and their newborns, living
in the area of Munich, Bavaria, Germany and recruited between July
2006 and May 2009. As there were no significant differences between
the study groups with respect to infant body composition (28), study
groups were pooled for the following analysis. For the present analy-
sis, only 162 infants with available ultrasound data at 6 wk postpartum
were included. The ethical committee of the Technische Universitit
Miinchen (No. 1479/06/2006/2/21) approved the study protocol.
Written informed consent was obtained from all participating mothers.

Data Collection and Anthropometric Measurements
Anthropometric data and SFT were obtained by trained research
assistants at 6wk, 4 mo, and 1 y postpartum as previously described
(28). In brief, the infants’ weight and length were measured and BMI
(kg/m?) was calculated. SFT measurements were performed in trip-
licate under standard conditions with a Holtain caliper (Holtain,
Croswell, Crymych, UK) at the left body axis at four sites (triceps,
biceps, subscapular, suprailiac). The mean of the triplicate measure-
ments was used for analysis. The calculation of body fat (%) was
done via predictive skinfold equations according to the method of
Weststrate et al. (30). Additionally, we calculated the sum of the four
skinfolds and two indices of fat patterning: the subscapular-to-triceps
skinfold ratio as an index of central to peripheral fat distribution (31)
and the central-to-total skinfolds ratio (trunk-to-total skinfolds %)
using the equation (subscapular + suprailiac)/(sum 4 SFT)*100 (32).

Sonographic Assessment of Abdominal Subcutaneous and
Preperitoneal Fat

The ultrasound investigations were performed using a high-
resolution ultrasonographic system (Siemens Acuson Premium,
Munich, Germany). Measurements were performed by two trained

Copyright © 2015 International Pediatric Research Foundation, Inc.
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research pediatricians (E.H., V.S.). Abdominal SC and PP fat thick-
ness, the latter considered to be an approximation of visceral/intra-
abdominal fat (12), were measured with a 10 MHz linear probe (VFX
13-5, Siemens Medical Solutions, Erlangen, Germany) in b-picture-
mode. The infants were located in supine position. Care was taken
to minimize movements of the infant. The probe was placed on the
skin surface of the upper abdomen of the infant without compression
of the tissue layers. We defined two areas of measurement: To deter-
mine PP and SC fat, the first measurement was performed in sagittal
plane in the middle of the xiphoid process. The second measurement
was performed in axial plane, in between the xiphoid process and the
umbilicus to determine the SC fat layer.

In previous studies in children or adults (27,33), the measure-
ments were performed at the end of a gentle expiration, however,
this procedure is not applicable in a young pediatric population. To
get a standardized breathing-phase the cine-loop-function was used.
By this function, it is possible to save the last 63 pictures taken and
after “defreezing”, all individual pictures can be displayed. Thereby,
it was possible to identify retrospectively single pictures taken at the
end of expiration with tissue layers as much as possible in parallel.
The images were stored at an off-line working station for evaluation
(Apple Power PC G4, Apple, Cupertino, CA).

Evaluation of the Ultrasound Pictures

The size of each individual fat layer was determined with the OsiriX
software (http://www.osirix-viewer.com, Genf, Schweiz) in both
planes. The evaluation process was performed off-line by two exam-
iners (E.H., D.M.) in a blinded fashion after selecting the three most
appropriate pictures in sagittal and axial plane for each case.

Preperitoneal fat. Preperitoneal fat was defined as distance between
the linea alba as the upper border until the peritoneum located at the
upper margin of the liver as the lower border. The first measurement
point was set 0.5cm caudal from the xiphoid process (sag cranial pp),
appearing as a hypoechoic cartilaginous structure, while the second
measurement point was set 1.0cm caudal from the first reference point
(sag caudal pp) (Figure 4).

In each patient, three pictures were evaluated. Means of the mea-
sured distances were calculated and used to estimate the area of PP fat
by following the formula for trapezoid areas:

sag cranial pp(cm) + sag caudal pp(cm)
X

5 1(cm)

Areasag pp =

Xiphoid process sag eranial sc

sag caudal sc

sag caudal pp
sag cranial pp

1.0cm 1.0 cm
B L LE—

0.5cm

Figure 4. Example for measurements in the sagittal plane with labeling
of the xiphoid process (reference structure) and the measurement points
sag cranial sc and sag caudal sc (were set 1.0 and 2.0 cm on the right of the
reference structure, respectively) as well as sag cranial pp and sag caudal
pp (were set 0.5 and 1.5 cm on the right of the reference structure, respec-
tively); areas are calculated by the formula of trapezoid.

Copyright © 2015 International Pediatric Research Foundation, Inc.

Subcutaneous fat. The SC fat layer was determined in sagittal and
axial plane. Fat layers were defined as the echo-poor space between
the echo-rich cutis and the echo-rich linea alba or the M. rectus
abdominis, respectively.

In sagittal plane, the first reference point was set 1.0cm caudal
the xyphoid process, the lower margin of the sternum (sag cranial
sc) and the second reference point 1.0 cm caudal of the first refer-
ence point (sag caudal sc), with highest parallelism of the layers
(Figure 4).

In axial plane, the first measurement point was set directly above
the linea alba (ax m) as well as 1.0cm on the right (ax r) and left
(ax 1) of the linea alba between the cutis and the M. rectus abdomi-
nis (Figure 5).

In sagittal and axial plane, three pictures were evaluated. Means of
the measured distances were calculated and used to estimate the area
of SC fat by using the formula:

sag cranial sc(cm)+ sag caudal sc(cm)

Areasag sc= 2 X1(em)
Areaaxsc=
(axr(cm) -';ax m(cm) % 1(cm) + M X 1(Cm))/2

Moreover, the ratio of PP and SC fat tissue from the sagittal plane
was calculated:

A
RatioPP/SC = 21298 PP
Areasag sc

The technique used was a method originally described by Holzhauer
and colleagues (12) with small modifications to assess abdominal fat dis-
tribution in children under the age of one. Holzhauer et al. (12) suggest
calculating the area with the length of 2.0 cm in sagittal plane. However,
this evaluation was not deemed appropriate for the age group <1 y of
age. Therefore, we chose a length of 1.0cm for the calculation of the fat
areas. In addition, SC fat layer was determined in sagittal and axial plane,
respectively.

Reproducibility

To calculate intra-observer agreement, the investigations of 12 infants
(n = 4 from each time point), were used and analyzed with OsiriX
software by one examiner (E.H.) twice.

For the assessment of inter-observer variation, 45 randomly cho-
sen ultrasound measurements were independently evaluated with the
software by two observers (E.H. and D.M.).

For intra- and inter-observer variation, the examiners indepen-
dently evaluated three pictures and the fat areas were calculated.

Figure 5. Example for measurements in the axial plane. The measurement
is performed directly above the linea alba (ax m) as well as 1.0cm on the
right (ax r) and 1.0 left (ax [) midway between the xiphoid process and the
umbilicus; areas are calculated by the formula of trapezoid.
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Statistical Analysis
Summary ultrasound data, anthropometric data and SFT are presented
for infants at 6wk, 4 mo, and 1 y. Mixed linear models (using an unstruc-
tured covariance matrix) were fitted to these repeated measures with
time as a fixed effect. To explore how changes over time differ accord-
ing to sex, sex was added as a fixed effect in the model 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% con-
fidence intervals. Associations between anthropometric and ultrasound
variables were assessed using Spearman-Rho correlation coefficient.
Intra- and inter-observer agreements were examined using ICC
and their 95% confidence intervals. An ICC of 1 indicates that all
of the observed variation is caused by between subject variations.
Additionally, we performed Bland-Altman plots of the areas sag pp,
sag sc and ax sc. Statistical analyses were performed using PASW soft-
ware (version 21, SPSS, Chicago, IL). A two-sided P value <0.05 was
considered statistically significant, and no correction was made for
multiple comparisons.
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