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ABSTRACT

Background & Aim: Various noninvasive methods exist to evaluate total body fat in chil-

dren. Most methods have been shown able to confirm a high fat percentage in children 

with overweight and obesity. Few data are available on the estimation of total body fat in 

nonobese children. The aim of this study is to compare total body fat, assessed by various 

methods in nonobese children.

Methods: We compared total body fat assessed by isotope dilution, dual-energy X-ray, 

skinfold thickness, bioelectrical impedance analysis, a combination of these methods, as 

well as BMI in 30 6- to 7-year-old children.

Results: Participants had a mean BMI of 16.01 kg/m² (range, 13.51 – 20.32) and 5 children 

were overweight according to international criteria. Different methods showed rather dif-

ferent absolute values for total body fat. Bland-Altman analysis showed that the difference 

between the DEXA method and isotope dilution was dependent on the fat percentage. 

Children with the same BMI show a marked variation in total body fat ranging from 8% to 

22% as estimated from the isotope dilution method.

Conclusion: Noninvasive methods are presently not suited to assess the absolute amount 

of total body fat in 6- to 7-year-old children.
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INTRODuCTION

Worldwide, the incidence of obesity and overweight has increased rapidly, also in young 

children and adolescents.1 At present, approximately 12% of 4- to 6-year-old children in 

the Netherlands are overweight and 4% are obese.2 This is a marked increase compared 

to 1980, when 6% and 1%, respectively, of 4- to 6-year-old children were overweight and 

obese.2 This increase in prevalence of overweight causes great concern because over-

weight at a young age tends to persist into adulthood.3

Overweight in itself might not be a risk factor for diseases in later life. The real risk factor 

is an excess of body fat. Excess fat is strongly associated with adverse health outcome, 

including diabetes mellitus, dyslipidemia, coronary heart disease, renal disease, cancer, 

musculosketal consequences, asthma and other respiratory problems, and finally de-

creased fertility.4 The clustering of metabolic and cardiovascular abnormalities originally 

seen in late adulthood, is increasingly seen in children and adolescents.

In the Netherlands, the national guideline to screen young children for overweight is 

based on the BMI. BMI, however, is not a very reliable method to distinguish between 

normal and high amounts of body fat in children.5,6 A number of other methods, such as 

isotope dilution, DEXA, BIA, skinfolds as well as a combination of these, have been used 

to estimate the %BF in children. All methods show different results regarding the amount 

of total body fat.7 Only a few studies compared the results of all these different methods 

within the same child. Moreover, in these studies children from a rather wide age range 

were included, while it is known that e.g. puberty influences fat mass.

In highly overweight children there is no doubt about the presence of excess fat.8 The 

real challenge is to distinguish children with increased total body fat within the group of 

normal weight or slightly overweight children. Studies have shown that it is not possible to 

distinguish these children on clinical examination.6 Moreover, the presence or absence of 

excess fat cannot reliably be estimated from the BMI. Therefore, other noninvasive meth-

ods must be used to estimate total body fat in these children. Limited data are available 

regarding the comparison between different methods in healthy 6- to 7-year-old children. 

Therefore, we conducted a study in healthy 6- to 7-year-old children which compared the 

results of estimates of total body fat as assessed by isotope dilution, DEXA, BIA, skinfolds 

and combinations of these methods.

METhODS

Subjects 

Our study was conducted in 31 children (14 boys and 17 girls between 6 and 7 years of 

age), who did not have any acute or chronic diseases. These participants were recruited 
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through advertisements in a local newspaper and on the hospital information site, and by 

word of mouth. Data were collected between October 11th and October 25th, 2006.

In one boy isotope dilution could not be measured, and therefore 30 children were 

included in the final analyses. We certify that all applicable institutional and governmental 

regulations concerning the ethical use of human volunteers were followed during the 

study. Written informed consent was obtained from the parents and verbal assent was pro-

vided by the children. This study was approved by the Ethics Committee of the University 

Medical Center Groningen and performed in accordance with the Declaration of Helsinki.

Protocol

Parents were instructed to serve their children a light lunch, consisting of a sandwich and 

a drink, before arriving at the University Medical Center Groningen at 14:00 hours. Upon 

arrival, children were requested to urinate after which they were weighed and all other 

measurements were done. Until all measurements had been obtained, children were 

requested to refrain from drinking, eating, and urinating. 

Measurements

From the isotope dilution method, total body water (TBW) was estimated. Subsequently 

total body fat was calculated from TBW. TBW was determined by an orally administered 

dose of 99.8% deuterium (²H2O). All children received 0.15 g ²H2O per kg body weight. 

Saliva samples were collected at baseline, as well as at 3 hrs after ingesting ²H (endpoint).9 

²H level in the saliva samples was measured by gas-isotope ratio mass spectrometry.10,11 

TBW was calculated from the saliva sample by the plateau method, which assumes that 

a plateau is reached at 3 hrs after ingestion.9 Total body water was calculated using the 

following equation:10

TBW = [W x A/1000 x a] x [volume of ²H administered / ²H saliva (endpoint-baseline)]

1.04

in which W is the amount of water (g) used to dilute the dose; A is the dose (g) ad-

ministered to the participant; a is the dose (g) used in the dilution. To calculate TBW it is 

necessary to correct for in vivo isotope exchange by dividing by 1.04.12 For calculation of 

%BF from TBW the following equations were used:

LBM = TBW / 0.72  fat mass = weight – LBM %BF = fat mass / weight x 100

(LBM = Lean Body Mass, %BF = percentage body fat).

DEXA measurements were obtained with the use of a fan beam scanner (Hologic 

Discovery A, S/N 81161 Hologic Inc., Bedford, MA, USA). The equipment was calibrated 

regularly using the Step Phantom supplied by the manufacturer. Children were measured 

in their underwear, in supine position. Overall body fat was derived with the use of Hologic 

software version 12.3. All scans and analyses were performed by a trained technician.
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Children were barefoot and dressed in light underwear for anthropometric measure-

ments. All anthropometric measurements were carried out in duplicate by one trained 

observer. Weight was measured with the use of a calibrated digital scale (Seca 770, 

Hamburg, Germany) and recorded to the nearest 0.1 kg. Height was assessed with the use 

of a digital stadiometer (digital pole measure PM-5016, KDS, Kyoto, Japan) and recorded 

to the nearest 0.1 cm. If the duplicate measurements differed by more than 0.5 kg and 

0.2 cm respectively, a third measurement was obtained. Afterwards the mean of height 

and weight were calculated by taking the mean of the two nearest readings. BMI was 

calculated by dividing the mean weight by the mean height squared (kg/m²).

Skinfold thicknesses were measured in duplicate at the right side of the body with the 

use of a Harpenden skinfold caliper (CMS instruments, London, UK). During the assess-

ment, a standard pressure of 10 g/mm² was applied and a reading was taken after two 

seconds. Triceps and biceps skinfold thicknesses were measured at the point midway 

between the acromion and the olecranon. Subscapular skinfold thickness was measured 

just below the scapula. Supra-iliac skinfold thickness was measured just above the iliac 

crest and thigh skinfold thickness was measured on the anterior side of the lower extrem-

ity, at the point midway between the inguinal region and the midpoint of the patella. If the 

measurements differed by more than 0.2 cm, a third measurement was performed. Means 

were calculated using the nearest two readings.

To calculate %BF from skinfold thicknesses, three equations were used, specifically the 

equations according to Slaughter, Deurenberg and Dezenberg.appendix 1,ref 1-3 In addition, the 

sum of skinfold measurements was calculated and was also compared with the reference 

methods.

For measurement of whole body reactance and resistance, a 50 kHz frequency BIA (BIA 

101®, Akern, Florence, Italy) was performed. Before the measurements were performed, 

the equipment was calibrated with a 500 ohm resistor supplied by the manufacturer. 

Electrodes were placed on the dorsal surfaces of the right hand and the right foot. Source 

electrodes were placed at the distal end of the third metacarpal and sensor electrodes 

5.5 cm proximally to the source electrodes. Participants were asked to remove all metal 

jewelry. After lying supine for 10 minutes with arms and legs abducted, three measure-

ments were taken. The measurements were performed by one trained observer.

The equation described in the article of Horlick and colleagues was used. This study 

compared 13 published pediatric BIA based predictive equations for total body fat and 

fat free mass and afterwards refitted the best performing model in their study population 

of 1291 children.appendix1,ref 4 Although all measurements were performed in the afternoon 

after a light lunch, results could be influenced by the meal taken and the time interval 

between the lunch and measurements. However, we are convinced that these factors did 

not have a real influence on our measurements, because it was shown before that mea-

surements taken between 2 and 4 h after a meal, represent an error of less than 3%.13,14 
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Goran and colleagues proposed an equation combining two skinfold thickness measures 

with the resistance measurement of the BIA.appendix 1,ref 5 This equation was also evaluated 

in our study.

Statistical analyses

Since the methods investigated in this study are expressed in different units, a sample size 

calculation was performed based on a maximal accepted percentage difference using Lin’s 

Concordance Correlation Coefficient.15 According to the table in their paper, 30 children 

were needed when a precision of the measurements of 96% and accepted difference of 

12.5% (alpha 0.05, power 90%) is assumed. The same sample size was needed when a 

difference of 10% and precision of 95% is assumed. A precision of higher than 95% is 

described for both deuterium and DEXA. To compare the results of the different methods, 

the Bland-Altman method was used. Pearson correlation coefficients were used to assess 

associations between the different methods which gave similar results as the concordance 

correlations but were easier to interpret. All statistical analyses were performed using 

SPSS version 14.0 (SPSS, Chicago IL, USA).

RESuLTS

In total 17 girls and 13 boys participated in the study. Three girls and two boys were 

overweight and none of the children were obese according to BMI criteria.3 Apart from 

one Surinamese girl all children were Caucasian. All measurements were performed in all 

30 children. The baseline characteristics of the study population are described in Table 1.

Table 1. Baseline characteristics of the study population.

Mean Range

Age (yrs)
    Boys
    Girls

6.7
6.8

(6.3 – 7.5)
(6.0 – 7.9)

    Total 6.8 (6.0 – 7.9)

Weight (kg)
    Boys
    Girls 

25.3
25.1

(22.0 – 33.4)
(17.5 – 31.7)

    Total 25.2 (17.5 – 33.4)

Height (cm)
    Boys
    Girls

124.1
125.9

(118.4 – 135.8) 
(113.8 – 136.9)

    Total 125.1 (113.8 – 136.9)

BMI (kg/m²)
    Boys
    Girls

16.34
15.76

(14.67 – 19.47) 
(13.51 – 20.32)

    Total 16.01 (13.51 – 20.32)
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The results for the total amount of body fat as calculated by the various methods are 

shown in Table 2. Rather large differences exist between the estimates of total body fat 

obtained with the different methods. The highest amount of fat was found with DEXA, the 

lowest amount with BIA.

Figures 1a-f show Bland-Altman plots which compare the isotope dilution method with 

all other methods. DEXA scans resulted in a higher %BF of on average 4% (Figure 1a). 

However, the differences were larger at low %BF and smaller at a high %BF. BIA estimated 

a 10% lower %BF compared with results from the isotope dilation, which was not different 

for different amounts of %BF (Figure 1b). Comparisons with the calculations based on skin-

fold measurements are shown in Figures 1c, 1d and 1e. The Deurenberg method showed 

the least difference with the isotope dilution method. The Goran method, a combination 

of two skinfolds and BIA results did not show a better result compared with the skinfold 

thicknesses alone (Figure 1f). Table 3 shows the correlations between different estimates 

for total body fat with both the isotope dilution and DEXA. All methods showed significant 

Table 2. Total amount of body fat estimated by the different methods.

Mean Range

Total fat isotope dilution (%)
    Boys
    Girls

15.9
18.8

(8.3 – 26.5)
(11.8 – 26.5)

    Total 17.5 (8.3 – 26.5)

Total fat DEXA (%)
    Boys
    Girls

21.0
22.2

(15.0 – 27.5)
(16.5 – 29.3)

    Total 21.7 (15.0 – 29.3)

Total fat ST Slaughter (%)
    Boys
    Girls

17.3
16.3

(10.6 – 28.5)
(12.1 – 27.2)

    Total 16.8 (10.6 – 28.5)

Total fat ST Deurenberg (%)
    Boys
    Girls

16.0
17.0

(11.1 – 22.4)
(13.3 – 25.4)

    Total 16.5 (11.1 – 25.4)

Total fat ST Dezenberg (%)
    Boys 
    Girls

19.5
21.9

(13.3 – 32.6)
(12.5 – 31.5)

    Total 20.9 (12.5 – 32.6)

Total fat BIA (%)
    Boys
    Girls

5.1
8.9

(- 7.0 – 16.10)
(- 4.2 – 21.1)

    Total 7.3 (-7.0– 21.1)

Total fat Goran (%)
    Boys 
    Girls

14.8
16.7

(10.3 – 21.8)
(13.2 – 25.3)

    Total 15.9 (10.3 – 25.3)

BIA = bioelectrical impedance analysis; DEXA = dual energy X-ray absorptiometry; ST = skinfold thicknesses.
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Figure 1a. Dual energy X-ray absorptiometry. Figure 1b. Bioelectrical impedance analysis.

Deuterium estimate of %BF

30,0025,0020,0015,0010,005,00

D
iff

er
en

ce
 in

 %
BF

 b
et

w
ee

n 
D

EX
A

 a
nd

 d
eu

te
ri

um
 e

st
im

at
es 10,00

8,00

6,00

4,00

2,00

0,00

-2,00

Page 1

 Deuterium estimate of %BF

30,0025,0020,0015,0010,005,00

D
iff

er
en

ce
 in

 %
BF

 b
et

w
ee

n 
BI

A
 a

nd
 d

eu
te

ri
um

 e
st

im
at

es

0,00

-5,00

-10,00

-15,00

-20,00

-25,00

Page 1

Figure 1c. Skinfold thicknesses (Slaughter). Figure 1d. Skinfold thicknesses (Deurenberg).
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correlations. This might indicate that all methods detect the difference between a low 

and high fat percentage. However, the Bland-Altman plots indicate that absolute values 

estimated by the different methods vary considerably.

The correlation between BMI and %BF estimated from isotope dilution is shown in Fig-

ure 2. All five children with overweight, based on BMI according to international criteria,3 

showed a fat percentage above 20%. The variation in %BF among normal weight children 

was considerable and did not show a correlation with BMI. These results suggest that a 

normal BMI does not preclude the presence of excess fat mass.

Figure 1e. Skinfold thicknesses (Dezenberg). Figure 1f. Goran equation.
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Figures 1a-f. Bland-Altman plots represent the differences in estimates of %BF as assessed by deuterium compared 
with various methods (a, DEXA; b, BIA; c, skinfold equation according to Slaughter; d, skinfold equation according 
to Deurenberg; e, skinfold equation according to Dezenberg; f, Goran equation). The solid line represents the mean 
and the dotted line the ± 1.96 SD (limits of agreement) for the whole sample. Each symbol represents an individual.

Table 3. Pearson correlation coefficients for all used methods.

Total fat isotope dilution (%) Total fat DEXA (%)

Total fat isotope dilution (%) 1.000 0.902**

Total fat DEXA (%) 0.902** 1.000

Total fat Goran equation (%) 0.859** 0.867**

Total fat ST Deurenberg (%) 0.819** 0.816**

Total fat BIA (%) 0.798** 0.805**

Total fat ST Dezenberg (%) 0.831** 0.771**

Total fat ST Slaughter (%) 0.736** 0.767**

BMI (kg/m²) 0.650** 0.666**

BIA = bioelectrical impedance analysis; DEXA =  dual energy X-ray absorptiometry; ST = skinfold thicknesses.
*correlation is significant at the 0.05level (2-tailed); ** correlation is significant at the 0.01level (2-tailed).
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DISCuSSION

Our results show that different noninvasive methods to estimate total body fat in healthy 

normal or slightly overweight 6- to 7-year-old children provided rather different results. In 

order to use either of these methods to detect the children with excess fat, reference data 

for each separate method are needed. The BMI does not seem suitable to identify normal 

weight children with a high percentage body fat.

In this study, we did not aim to establish which method most reliably predicts %BF. To 

that extent, comparison with a gold standard would have been needed. The actual gold 

standard, which is carcass analysis, clearly is impossible. The four-compartment model is 

an accepted alternative method to estimate %BF.6,16 In this model, assessments of body 

weight, body volume, total body water, and bone mineral content are needed, which 

renders this method complex and expensive. In children, body weight, total body water 

and bone mineral content can be measured with established methods. Presently, there 

is no established method to measure body volume in children. Underwater weighing is 

used in adults. This method, however, is not ethically acceptable in young children. A new 

method, air displacement plethysmography (ADP), is not yet validated for use in children. 

This method certainly has great potential. However, at this stage not all confounders that 
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Figure 2. Correlation between BMI and total fat estimated by the isotope dilution method.
Sex
 female
* male



Total body fat in prepubertal children 129

influence this measurement are known. For instance, the effect of the surface area on the 

measurements is not well understood.

The amounts of %BF as estimated from underwater weighing, ADP, DEXA and deute-

rium dilution have recently been compared in older children.20 Studies in 6- to 7-year-old 

children are very limited. The first comparison between underwater weighing, DEXA and 

ADP was published in 1999.17 In this study, no children below 9 years of age were included. 

Total body fat as estimated from ADP was not different from DEXA in children with an aver-

age age of 13 years. Fields and colleagues reviewed all studies performed with ADP up to 

2003 and concluded that ADP was very comparable to DEXA in children of at least 8 years 

of age.18 A more recent study confirmed that DEXA and ADP showed comparable estimates 

of %BF. In addition, this study showed that DEXA was more reliable than ADP.19 A recent 

study compared total body fat estimated from deuterium dilution and ADP.20 Despite a 

high correlation between ADP and deuterium dilution, significant differences were found 

in absolute amounts of %BF. Based on these studies, we compared all methods to estimate 

%BF with the two methods used most frequently, specifically DEXA and isotope dilution. 

These methods are considered to provide consistent results in healthy children within 1 

age group, because it can be assumed that the FFM hydration is not different between 

healthy children of the same age and individual variability is low.6

Our study group was considered representative of the normal population of 6- to 

7-year-old children in the Netherlands. We did not focus on overweight children, which 

other studies did. It is impossible, albeit very important to detect a high %BF on physical 

examination in normal weight or slightly overweight children. Identifying children with 

excess body fat is important to prevent development of overweight in these children. Pre-

vious studies have shown that measurement of BMI or skinfolds in children with clinically 

significant overweight has no additional value.8

A potential limitation of our study is the small sample size. Considering the practical 

issues related to the large amount of measurements, it was decided to evaluate a small 

group of children. Our sample size did not allow for subgroup analyses according to gen-

der or overweight. Our aim was to study a homogeneous group of nonobese children. 

Therefore a group of healthy normal and slightly overweight children in a narrow age 

range between 6 and 7 years was examined. Our conclusions should not be extrapolated 

to other age or weight groups. All children ate a light lunch before arriving at the hospital. 

We do not consider this a limitation of the study because a light lunch has only minor ef-

fects on the measurements. It is known that for deuterium dilution all subjects within one 

study should use the same protocol with regard to food intake.21 TBW values do not differ 

for fasted versus fed state. For BIA, the consumption of food and beverage may decrease 

impedance by 4-15 ohm over 2 to 4 hrs after meals, representing an error smaller than 

3%.13 DEXA, skinfold thicknesses, and BMI are not influenced by a light lunch.
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Our results showed that DEXA estimates an on average 4% higher %BF compared with 

the isotope dilution method. For lower fat percentages, larger differences between the 

two methods exist. These findings are in agreement with a study by Sopher and colleagues, 

who compared DEXA with the four-compartment model in 6- to 18-year-old children. DEXA 

overestimated at fat percentages of 10-15% and underestimated at 40% total body fat.16

Percentage BF assessed by BIA showed the lowest estimates. BIA measures properties 

of FFM, from which fat mass is calculated. We were surprised by the variation in results 

from the BIA because our population was homogenous and we applied an equation which 

was specifically developed for our age group.22 Shaikh and colleagues recently compared 

BIA with DEXA in 11-year-old obese children. Percentage fat mass measured with BIA was 

7% lower compared with DEXA measurements. Differences in absolute fat mass varied be-

tween 4 kg lower to 8.3 kg higher as estimated by BIA compared with DEXA.23 Our results 

as well as those of Shaikh suggest that BIA is not suitable to detect a %BF in children.

Estimations of %BF as calculated by the different equations using skinfold thicknesses 

were not very different from results obtained by isotope dilution. Deurenberg developed 

equations according to age group.24 This might explain why estimates resulting from 

these equations showed the smallest difference with estimates from isotope dilution. The 

equation Goran proposed, using a combination of two skinfolds and BIA results, was not 

different from equations based solely on skinfolds. Therefore, this equation does not seem 

to have additional value.

In our data, we did not observe an association between BMI and %BF as assessed by iso-

tope dilution. A study in 8 to 11-year-old children found a good correlation between BMI 

and %BF as calculated by DEXA scans.25 However, these results show that, in participants 

with equal BMI’s between 12 and 18, percentage body fat varies between 8% and 20%. 

The observed correlation is owing to the high percentage fat mass in the high BMI range. 

That BMI does not distinguish between nonoverweight children with and without a high 

%BF, was also concluded from other studies.26,27

Our results do not answer the question whether BMI, or any of the noninvasive methods, 

predicts the presence of excess fat which constitutes a risk factor for the development of 

overweight related diseases in later life. In a large cohort study, Baker and colleagues 

found a linear association between BMI at 7 to 13 years of age and cardiovascular diseases 

in adulthood.28 BMI predicts cardiovascular risk in large cohorts, but might not be suitable 

for assessment of metabolic risk in individual children.

In conclusion, our results suggest that various noninvasive methods to estimate total 

body fat including BMI show rather variable results. In order to use any of these methods, 

determination of reference data for each method, compared with the four-compartment 

model, are needed. As long as these data do not exist, caution is needed when applying 

these methods in epidemiological studies.
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APPENDIx 1 

Equations used in this article

Skinfold thicknesses by Slaughter1

%BF = 1,21*(triceps+subscapular) - 0.008*(triceps+subscapular)² - 1,7 (for white males)

%BF = 1,21* (triceps+subscapular) - 0.008*(triceps+subscapular)² - 3,2 (for black males)

%BF = 1,33*(triceps+subscapular) - 0.013*(triceps+subscapular)² - 2,5 (for all females)

If the sum of the triceps and subscapular measurements are >35, however, the following 

equations are suggested:

%BF = 0,783*(triceps+subscapular) + 1,6 for all males and

%BF = 0,546*(triceps+subscapular) + 9,7 for all females

Skinfold thicknesses by Deurenberg2

%BF = 26,56 (log of sum of biceps, triceps, subscapular and iliac crest skinfolds) – 22,23; 

in pre-pubertal boys

%BF = 29,85 (log of sum of biceps, triceps, subscapular and iliac crest skinfolds) – 25,87; 

in pre-pubertal girls

Skinfold thicknesses by Dezenberg3

FM (kg) = 0,342*W(kg) + 0,256*triceps (mm) + 0,837*gender(1 for boys, 2 for girls) – 7,388

%BF = (FM/W)*100 

(FM = fat mass and W = weight)
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BIA by horlick4

FFM = [3,474 + 0,459 H2/R + 0,064 W ]/ [ 0,769 – 0,009A –0,016 S]

%BF = ([W - FFM]/W)*100

(FFM = fat-free mass (kg), H = height (cm), R = resistance (ohm), W = weight (kg), A = age 

(y), S = sex (1 for boys, 0 for girls))

Skinfold thickness and BIA by goran5 

FFM (kg) = [0,16 * (H²/R)] + (0,67 * W) – (0,11 * triceps) – (0,16 * subscapular) + 

(0,43 * sex) + 2,41

%BF = ([W - FFM]/W) * 100

(FFM = fat-free mass (kg), H =height (cm), R = resistance (ohm), W = weight (kg), S = sex (1 

for boys, 0 for girls))
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ABSTRACT

Background & Objectives: Both intra-abdominal (IAAT) and subcutaneous (SAAT) ab-

dominal adipose tissue are associated with cardiovascular risk factors, even in childhood. 

Currently, the gold standard for assessment of IAAT and SAAT is CT, which is not widely 

applicable. The aim of this study was to estimate abdominal fat with the use of anthro-

pometry, DEXA, and ultrasound, and compare these estimates with the amounts of IAAT 

and SAAT determined by CT in 6- to 7-year-old children.

Subjects & Methods: In 31 healthy children weight, height, circumferences, skinfolds, 

DEXA, abdominal ultrasound, and CT were performed. Measurements were compared by 

simple correlations and receiver operating characteristic analyses.

Results: Total abdominal fat on CT did not differ between boys and girls (86.5 versus 89.8 

cm3, p=0.84). Boys had a higher IAAT to SAAT ratio than girls (0.56 versus 0.37, p=0.03). 

The sum of supra-iliac and abdominal skinfolds was most strongly correlated with SAAT 

on CT (r=0.93, p<0.001), and the abdominal skinfold with IAAT on CT (r=0.72, p<0.001). 

Diagnosis of subcutaneous abdominal and intra-abdominal adiposity can also be made us-

ing skinfolds. The associations with circumferences, body mass index and DEXA were less 

pronounced; however, these techniques can also be used to classify children according to 

SAAT and IAAT. Ultrasound can be used to diagnose subcutaneous adiposity, although it 

was not superior to skinfold measurements.

Conclusion: Skinfold measurements are the best noninvasive technique in predicting 

subcutaneous as well as intra-abdominal fat in our population of 6- to 7-year-old children.
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INTRODuCTION

Worldwide, childhood obesity has become a major public health issue and its prevalence 

has increased drastically over the past decades both in the United States and in Europe.1,2 

It is associated with an increased risk of several chronic diseases such as type 2 diabetes 

and cardiovascular disease.3

Although overall body fat is an important indicator of weight-related diseases, location of 

body fat is even more significant. Epidemiological studies have demonstrated that, already 

in childhood, abdominal fat appears to be significantly associated with an unfavorable 

metabolic profile, including insulin resistance, decreased high-density lipoprotein- and 

elevated low-density lipoprotein-cholesterol concentrations, and high concentrations of 

triacylglycerol.4-9 Although it has been suggested that SAAT is independently associated 

with insulin resistance,4 most research suggests that SAAT has a protective effect on meta-

bolic risk.10 In view of this protective effect, it is important to evaluate both IAAT and SAAT 

in the assessment of metabolic risk. It is known that the accumulation of intra-abdominal 

fat starts in early childhood,4,5 emphasizing the importance of assessment and prevention 

of abdominal adiposity at a young age.

Currently, the gold standard for assessment of IAAT and SAAT is considered to be CT, 

owing to its higher resolution11 and lower coefficients of variation12 compared with MRI. 

In general, a single slice CT is obtained as CT confers radiation exposure.13-15 However, 

the use of CT is limited because of its limited availability, cost, and exposure to ionizing 

radiation. Therefore, indirect techniques to assess abdominal fat have been used, such as 

anthropometry, ultrasound, and DEXA, which confers a much lower radiation dose than 

CT. However, the validity of these techniques has not been studied in young children. 

Although ultrasound measurements have been validated in adults,16 to our knowledge no 

studies have been performed in children.

Therefore, the aim of this study was to estimate abdominal fat with the use of anthro-

pometry, DEXA, and ultrasound, and compare these estimates with the amount of intra-

abdominal and subcutaneous abdominal fat tissue determined by single slice CT in 6- to 

7-year-old children.

SuBjECTS AND METhODS

Study population

Our study was performed in 14 boys and 17 girls, aged 6 to 7 years. Children who were 

diagnosed with diseases or using medication known to affect body composition were 

excluded from the study. Written informed consent was obtained from the parents and 

verbal assent was provided by the children. The study was undertaken with approval of 



138 Chapter 5.2

the Medical Ethics Committee of the University Medical Center Groningen, and performed 

in accordance with the Declaration of Helsinki. Both total body fat and abdominal fat were 

assessed. Results regarding the assessment of total body fat are described elsewhere.17

Anthropometry and abdominal fat assessment

Children were measured barefoot in their underwear. All anthropometric measurements 

were carried out by one trained observer. Body weight was measured with the use of a 

calibrated digital scale (Model 770, Seca, Hamburg, Germany) and recorded to the nearest 

0.1 kg. Height was assessed with the use of a digital stadiometer (digital pole measure PM-

5016, KDS, Kyoto, Japan) and recorded to the nearest 0.1 cm. Body mass index (BMI) was 

calculated as weight divided by height squared (kg/m2). Overweight was defined according 

to international age- and sex-adjusted BMI criteria (equivalent to the Dutch 94th and 99.7th 

percentile in 1980 for overweight and obesity respectively).18 Waist circumference was mea-

sured during gentle expiration, at the mid-point between the lower costal margin and the 

iliac crest. Hip circumference was measured at the greater trochanters. Both circumferences 

were obtained in standing position and recorded to the nearest 0.1 cm. Waist-to-hip ratio 

(WHR) and waist-to-stature ratio (WSR) were calculated. Skinfold thicknesses were obtained 

at the right side of the body with the use of a Harpenden skinfold caliper (CMS instruments, 

London, UK). The vertical abdominal, supra-iliac, subscapular, and triceps skinfolds were 

measured. In addition, the sum of the supra-iliac and abdominal skinfolds was calculated, 

as well as a subscapular to triceps skinfold thicknesses ratio. All the above-mentioned 

measurements were performed in duplicate and a third measurement was performed if 

weight differed more than 0.5 kg, height differed more than 0.2 cm, circumferences differed 

more than 0.5 cm, and if skinfold thicknesses differed more than 2 mm. The mean of two 

measurements or of the two nearest readings was used to calculate means.

Dual-energy X-ray absorptiometry measurements were conducted with the use of the 

Hologic Discovery A (Hologic Inc., Bedford MA, USA). Regional fat was derived using Ho-

logic software version 12.3. In addition to trunk fat area, 2 abdominal areas were drawn: 

one between the lower costal margin and the iliac crest (R1), and another narrower one 

at L3 with a height equal to the vertebra (R2). All scans and analyses were performed by 

the same, trained technician.

Ultrasound measurements were obtained with a Siemens Antares system (Siemens 

AG, Munich, Germany), with the use of a C 2-5 MHz curved array transducer. The trans-

ducer was placed at the midline between the lower costal margin and the iliac crest. 

Intra-abdominal fat distances were measured from the peritoneum to the corpus of the 

lumbar vertebra and were obtained longitudinally at a medial, right lateral and left lat-

eral angle. Subcutaneous fat thickness was measured at the medial point on a transverse 

plan, between the skin and the linea alba. To avoid compression of the skin, a gel spacer 

(Aquaflex US gel pad, Parker Laboratory, Orange, NJ, USA) was used. These ultrasound 
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measurements have been validated in an adult population.16 Our scans were obtained by 

two trained sonographers and the intra-class correlation coefficients were 0.75 and 0.85 

for IAAT and SAAT, respectively.

Computed tomography (CT) was performed with the use of a Siemens Somatom Sen-

sation 64 (Siemens AG, Forchheim, Germany). A single cross-sectional slice of 18 mm 

thickness was obtained at the intervertebral space between L4 and L5. Subcutaneous 

abdominal adipose tissue and intra-abdominal fat volume were calculated using Syngo 

Volume Calculation with threshold values for fat of -150 to -50 Hounsfield units (HU). All 

scans and analyses of the images were performed by a single, trained technician.

Statistical Analysis

Pearson correlation coefficients were calculated to assess the associations between the 

different methods of measuring abdominal fat. Calculation of nonparametric Spearman 

correlation coefficients provided similar results, as did the Lin’s concordance correlation 

coefficients. We evaluated differences between correlation coefficients using an equation 

described by Blalock which provides a t-statistic.19 Diagnostic value was determined by 

calculating the areas under the receiver operating characteristic curves. We defined the 

highest quintile of CT measurements as cases of abdominal adiposity.16 We also conducted 

linear regression analyses to assess the variance in abdominal fat explained by the various 

techniques. All statistical analyses were performed using SPSS version 14.0 (SPSS, Chicago 

IL, USA). The level of statistical significance was set at p<0.05.

RESuLTS

Our study population consisted of 17 girls and 14 boys, clinical data of whom are summa-

rized in Table 1. Age, weight, height and BMI did not differ significantly between boys and 

girls. Total abdominal fat on CT was not significantly different between boys (mean, 86.5 

cm3) and girls (mean, 89.8 cm3). However, boys had relatively more IAAT compared with 

SAAT than girls (mean ratios 0.56 vs. 0.37). Apart from small differences in waist-to-hip 

ratio (difference, 0.03) and waist-to-stature ratio (difference, 0.02), all other measure-

ments of abdominal fat were not significantly different between boys and girls. Three 

girls (17.6%) and two boys (14.3%) were overweight. According to national BMI reference 

charts, our population was representative of Dutch children in this age group, of whom 

mean BMI (-2SD – 2SD) are 15.5 (13.1 – 19.4) in boys and 15.5 (13.0 – 19.9) in girls.20

Subcutaneous abdominal adipose tissue and IAAT measured with CT were correlated 

(r=0.68, p<0.001) and total abdominal fat was correlated with both SAAT (r=0.99, p<0.001) 

and IAAT (r=0.76, p<0.001). Skinfold measurements were intercorrelated as well (r be-

tween 0.68 and 0.96).
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Subcutaneous abdominal adipose tissue

Pearson’s correlation coefficients related to SAAT measurement are listed in Table 2. The 

sum of supra-iliac and abdominal skinfolds (r=0.93) was most strongly correlated with 

SAAT, but the slightly lower correlations with abdominal skinfold (r=0.91) and BMI (r=0.87) 

were not significantly different (P>0.05). Hip and waist circumference also correlated well. 

Correlation with subcutaneous fat on ultrasound and DEXA R1 and R2 was good, though 

less than between skinfold measurements and SAAT. There was no correlation with fre-

quently used measures such as subscapular-to-triceps skinfold ratio, DEXA trunk fat, and 

waist-to-hip ratio. Adjusting for age and height provided similar results.

The ability of the various techniques to identify children with high amounts of SAAT 

was evaluated through receiver operating characteristic curves. Subcutaneous abdominal 

Table 1. Population characteristics.

Girls 
(n=17)

Boys
(n=14)

P

Mean Range Mean Range

Age (yrs) 6.8 6.0 – 7.9 6.7 6.3 – 7.5 0.77

Weight (kg) 25.1 17.5 – 31.7 25.0 22.0 – 33.4 0.96

Height (cm) 125.9 113.8 – 136.9 123.6 117.4 – 135.9 0.33

BMI (kg/m2) 15.76 13.51 – 20.32 16.32 14.67 – 19.47 0.35

Waist circumference (cm) 56.1 49.7 – 64.4 57.9 53.7 – 63.1 0.21

Hip circumference (cm) 63.4 55.7 – 72.5 63.0 57.0 – 70.8 0.77

Waist to hip ratio 0.89 0.83 – 0.94 0.92 0.88 – 0.99 0.01

Waist to stature ratio 0.45 0.40 – 0.52 0.47 0.45 – 0.53 0.04

Supra-iliac skinfold thickness (mm) 6 4 – 15 5 3 – 10 0.39

Abdominal skinfold thickness (mm) 8 4 – 18 8 4 – 16 0.77

Sum of supra-iliac and abdominal skinfolds 
(mm)

14 9 – 31 13 8 – 25 0.83

Subscapular to triceps skinfold ratio 0.62 0.44 – 0.76 0.58 0.34 – 0.79 0.37

Total abdominal fat on CT (cm3) 89.8 46.3 – 204.0 86.5 36.4 – 162.9 0.84

Subcutaneous abdominal fat on CT (cm3) 68.2 34.5 – 169.5 60.4 18.0 – 132.2 0.60

Intra-abdominal fat on CT (cm3) 21.6 11.6 – 35.4 26.0 18.3 – 37.7 0.09

Intra-abdominal to subcutaneous fat ratio on 
CT

0.37 0.18 – 0.72 0.56 0.23 – 1.13 0.03

Subcutaneous abdominal fat on ultrasound 
(cm)

5.4 3.4 – 11.3 5.3 2.7 – 8.0 0.89

Intra-abdominal fat on ultrasound (cm) 35.4 24.2 – 48.8 33.7 22.4 – 44.6 0.50

DEXA R1 (%) 18.4 12.2 – 25.3 17.4 12.3 – 25.3 0.47

DEXA R2 (%) 18.8 12.0 – 26.3 17.6 12.4 – 26.2 0.43

DEXA trunk fat (%) 15.1 10.2 – 22.8 17.2 14.6 – 23.3 0.08

BMI = body mass index; CT = computed tomography; DEXA = dual energy X-ray absorptiometry; R1 = abdominal 
region 1; R2 = abdominal region 2; P = p-values for sex differences (t-test).
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adiposity was defined as the highest quintile of SAAT on CT. The areas under the receiver 

operating characteristic curves (AUCs) showed that subcutaneous abdominal adiposity can 

be diagnosed adequately with the use of skinfolds. All skinfolds performed well with AUCs 

from 0.95 to 1.00 (p<0.001), which were comparable to the AUCs for hip and waist circum-

ference, and BMI (all three AUCs were 0.99, p<0.001). Ultrasound performed reasonably 

well (AUC=0.80, p=0.03). Dual-energy X-ray absorptiometry R1 and R2 were also able to 

diagnose subcutaneous abdominal adiposity with AUCs of 0.97 and 0.95, respectively.

According to the stepwise linear regression analysis, 91% of the variation in subcutane-

ous abdominal fat was explained by the sum of supra-iliac and abdominal skinfolds, BMI 

and hip circumference. Separate analyses for boys and girls showed that the maximum 

explained variance was slightly higher for boys (adjusted R2 0.93 in boys versus 0.89 in girls).

Intra-abdominal adipose tissue

Pearson’s correlation coefficients regarding IAAT are listed in Table 3. Abdominal skinfold 

thickness was most strongly correlated with IAAT (r=0.72), although correlations with the 

other skinfold measurements, waist and hip circumferences, BMI, weight, waist-to-stature 

ratio, and DEXA R1 and R2 were not significantly different (p>0.05). There was no correla-

tion with frequently used measurements such as DEXA trunk fat, and waist-to-hip ratio, 

nor with subscapular-to-triceps skinfold ratio which is commonly used to asses the relative 

Table 2. Pearson correlation coefficients subcutaneous abdominal adipose tissue (SAAT).

Pearson
total 

group P
Pearson 

girls P
Pearson 

boys P

CT – sum of supra-iliac and abdominal skinfolds 0.93 <0.001 0.92 <0.001 0.96 <0.001

CT – abdominal skinfold 0.91 <0.001 0.93 <0.001 0.92 <0.001

CT – BMI 0.87 <0.001 0.90 <0.001 0.91 <0.001

CT – supra-iliac skinfold 0.87 <0.001 0.85 <0.001 0.94 <0.001

CT – hip circumference 0.82 <0.001 0.77 <0.001 0.91 <0.001

CT – subcutaneous abdominal fat on ultrasound 0.79 <0.001 0.83 <0.001 0.73 0.003

CT – DEXA R1 0.78 <0.001 0.79 <0.001 0.77 0.001

CT – DEXA R2 0.77 <0.001 0.80 <0.001 0.73 0.003

CT – waist circumference 0.73 <0.001 0.80 <0.001 0.74 0.003

CT – weight 0.66 <0.001 0.59 0.01 0.80 0.001

CT – WSR 0.64 <0.001 0.87 <0.001 0.47 0.09

CT – height 0.16 0.40 -0.01 0.97 0.44 0.12

CT – subscapular to triceps skinfold ratio 0.13 0.48 0.18 0.50 0.06 0.83

CT – DEXA trunk fat 0.08 0.68 0.19 0.47 -0.03 0.92

CT – WHR -0.12 0.51 0.20 0.45 -0.48 0.08

CT = computed tomography; BMI = body mass index; DEXA = dual energy X-ray absorptiometry; R1 = abdominal 
region 1; R2 = abdominal region 2; WSR = waist to stature ratio; WHR = waist to hip ratio; P = p-values for 
correlations.
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centrality of fat. In addition, ultrasound measurements were not correlated with IAAT. 

Results for the midline measurement only were comparable with the sum of midline and 

lateral measurements. Dual-energy X-ray absorptiometry regions 1 and 2 (R1 and R2) were 

correlated with IAAT in boys, but not in girls. Similar results were found after adjustment 

for age and height.

Diagnosis of intra-abdominal adiposity was evaluated by means of receiver operating 

characteristic curves. They showed that the highest quintile of IAAT can be diagnosed ad-

equately with the use of skinfolds, with AUCs ranging from 0.86 to 0.92. Intra-abdominal 

adiposity can also be diagnosed by waist circumference (AUC=0.77, p=0.04), hip circum-

ference (AUC=0.78, p=0.03), DEXA R1 (AUC=0.80, p=0.02), or DEXA R2 (AUC=0.83, p=0.01). 

DEXA R1 and R2 performed better in boys than in girls. Ultrasound could not diagnose the 

highest quintile of IAAT (AUC=0.71, p=0.10).

According to the stepwise linear regression analysis, the variation in IAAT could be 

explained best by abdominal skinfold thickness and waist circumference, explaining 56%, 

which was markedly lower than the maximum explained variance for subcutaneous ab-

dominal adiposity. Separate analyses according to sex showed that in girls, only 54% of the 

variation in IAAT could be explained, whereas in boys up to 82% was explained.

Analyses using the ratio of IAAT to SAAT on CT as gold standard were, in general, mainly 

determined by SAAT being the larger depot. For example, the ratio of IAAT to SAAT on 

Table 3. Pearson correlation coefficients intra-abdominal adipose tissue (IAAT)

Pearson
total 

group P
Pearson 

girls P
Pearson 

boys P

CT – abdominal skinfold 0.72 <0.001 0.66 0.004 0.88 <0.001

CT – sum of supra-iliac and abdominal skinfolds 0.72 <0.001 0.72 0.001 0.86 <0.001

CT – waist circumference 0.70 <0.001 0.68 0.003 0.67 0.01

CT – BMI 0.69 <0.001 0.64 0.01 0.75 0.002

CT – hip circumference 0.65 <0.001 0.58 0.01 0.90 <0.001

CT – supra-iliac skinfold 0.64 <0.001 0.74 0.001 0.75 0.002

CT – weight 0.59 <0.001 0.50 0.04 0.84 <0.001

CT – WSR 0.55 0.001 0.63 0.01 0.21 0.48

CT – DEXA R1 0.54 0.002 0.48 0.05 0.81 <0.001

CT – DEXA R2 0.53 0.002 0.48 0.05 0.81 <0.001

CT – height 0.23 0.21 0.14 0.59 0.63 0.02

CT – intra-abdominal fat on ultrasound 0.18 0.32 0.28 0.28 0.15 0.62

CT – DEXA trunk fat 0.18 0.33 0.08 0.73 0.11 0.71

CT – WHR 0.11 0.56 0.32 0.21 -0.55 0.04

CT – subscapular  to triceps skinfold ratio -0.04 0.81 0.07 0.79 -0.06 0.85

CT = computed tomography; BMI = body mass index; WSR = waist to stature ratio; DEXA = dual energy X-ray 
absorptiometry; R1 = abdominal region 1; R2 = abdominal region 2; WHR = waist to hip ratio; P = p-values for 
correlations.
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ultrasound was weakly but significantly correlated with the ratio of IAAT to SAAT on CT 

(r=0.44, p=0.01). However, DEXA R1 (r=-0.58) and R2 (r=-0.57) were slightly stronger cor-

related than skinfolds (coefficients between -0.47 and -0.50); and the waist-to-hip ratio 

was also correlated (r=0.53).

DISCuSSION

Our results show that estimating SAAT and IAAT can be performed by skinfold measure-

ments, particularly with the use of a sum of the supra-iliac and abdominal skinfolds for 

SAAT and the abdominal skinfold for IAAT. This enables classification of prepubertal chil-

dren according to the amount of subcutaneous abdominal and intra-abdominal adiposity 

rather than individually assessing the exact amount of abdominal fat. In accord with these 

findings, based on the receiver operating characteristic curves, diagnosis of subcutaneous 

abdominal and intra-abdominal adiposity can be made using skinfold measurements. The 

associations with waist and hip circumference, BMI, and DEXA assessments tended to be 

less pronounced, but these techniques can also be used to classify prepubertal children 

according to SAAT and IAAT. Ultrasound can be used to diagnose subcutaneous adiposity, 

but it was not superior to skinfold measurements.

Overall, measurements correlated markedly better with SAAT than with IAAT. Skinfold 

measurements being a direct measure of subcutaneous fat, infers that they correlate bet-

ter with SAAT than with IAAT. The observation that circumferences and abdominal regions 

on DEXA also correlated better with SAAT is because of the fact that they do not distinguish 

subcutaneous from intra-abdominal fat, implying that they will correlate best with the 

largest fat depot. In children, the intra-abdominal fat area is relatively small in comparison 

with the amount of total abdominal fat. Thus, it is understandable that circumferences 

and DEXA correlate better with SAAT than with IAAT. This idea is supported by the fact that 

the correlation between total abdominal fat and SAAT on CT (r=0.99) was much stronger 

than the correlation with IAAT on CT (r=0.76).

Although ultrasound can distinguish between SAAT and IAAT, it did not prove to be a 

good technique to measure IAAT in children aged 6 to 7 years. Further analyses were per-

formed to try and explain our findings. First, we correlated the intra-abdominal distance 

on CT from the peritoneum to the lumbar vertebra (the proxy for IAAT in the ultrasound 

measurements) with the gold standard IAAT on CT. These were only moderately corre-

lated (r=0.56, p=0.001). Second, the intra-abdominal distance from the peritoneum to 

the lumbar vertebra measured on ultrasound was compared with the equivalent distance 

measured on CT. Surprisingly, these were not associated (r=0.10, p=0.59). Thus, the fact 

that ultrasound measurements did not reflect IAAT on CT is because of the combination 

of both the moderate correlation between IAAT and intra-abdominal distance on CT and 
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the fact that intra-abdominal distance cannot be measured accurately on ultrasound in 

children. Ultrasound does perform well in assessing SAAT. The subcutaneous distance on 

CT between the skin and the peritoneum (the proxy for SAAT in the ultrasound measure-

ments) and the gold standard SAAT on CT correlated well (r=0.88, p<0.001). Moreover, 

we found a good correlation between the subcutaneous distance on ultrasound and CT 

(r=0.81, P<0.001). These results are in agreement with a study in adults.21 Our finding that 

the IAAT to SAAT ratio on ultrasound was weakly correlated with the IAAT to SAAT ratio on 

CT is probably explained by the fact that the ratio is mainly determined by SAAT, which can 

be adequately measured with the use of ultrasound. Our finding that all analyses using 

this ratio were mainly determined by SAAT being the larger depot, illustrates that use of 

ratios can be problematic. Therefore, we did not further explore the findings concerning 

the IAAT to SAAT ratio on CT.

Not many studies have performed various measurements of abdominal fat in prepuber-

tal children. Goran and colleagues performed a study in 101 prepubertal children aged 4 

to 10 years, evaluating waist and hip circumferences, skinfold thicknesses, and total and 

trunk fat on DEXA scans in comparison with single-slice CT. They showed that SAAT and 

IAAT can be predicted accurately both with DEXA measurements (R2 96% and 85% respec-

tively) and without the DEXA data (R2 92% and 82% respectively).22 The higher explained 

variances, compared with our study, might be explained by the fact that Goran’s popula-

tion was slightly older and showed higher BMI and higher amounts of fat. A meta-analysis 

by Brambilla and colleagues compared weight, BMI and waist circumference with MRI in 

407 children in a broad age range from 7 to 16 years.23 They concluded that waist circum-

ference was the best single predictor of intra-abdominal fat (R2=64.8%). Body mass index 

explained 80.4% of the variation in SAAT. These R2-values are comparable to the maximum 

explained variances of IAAT and SAAT we found in our study (56% and 91% respectively). In 

summary, the aforementioned studies show that anthropometric measurements such as 

skinfolds and waist circumference are able to estimate both SAAT and IAAT. In this respect, 

these studies are similar to our findings. We did not find any report concerning validation 

of ultrasound measurements in children.

Interestingly, we found higher amounts of subcutaneous abdominal fat in girls, whereas 

boys had more intra-abdominal fat. These differences were not significant, possibly 

because of our limited sample size (see Table 1). However, the IAAT to SAAT ratio was 

significantly higher in boys than in girls (P=0.03). Prepubertal sex differences have also 

been reported by others.24-27

The main strength of our study is the narrow, young age category in which we performed 

a wide range of measurements. However, 4 limitations need to be addressed. First, in view 

of our sample size, we were not able to cross-validate our results in another population. 

Therefore our results need confirmation in further research. Second, in view of limiting 

the radiation exposure, a single slice CT was performed, in contrast to multiple abdominal 
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slices covering the entire abdomen. Results from a study among premenopausal women 

demonstrated a substantial intra-subject variability across various abdominal CT slices.28 

However, another study among healthy adult men suggested that individual slices pro-

vided a good indication of the amount of subcutaneous abdominal and intra-abdominal 

fat.14 Both studies evaluated CT slices of 10 mm thickness, whereas in our study, 18 mm 

slices were made. This procedure reduces the possibly compromising intra-subject vari-

ability. Third, in choosing -150 to -50 HU to calculate fat on CT, the amount of fat might be 

overestimated as intra-colonic contents are included.29 This could not be adjusted for by 

the software we used. Finally, two observers performed the ultrasound measurements, 

possibly resulting in a larger variability in measurements. However, intra-class correla-

tion coefficients for both SAAT (r=0.85) and IAAT (r=0.75) were acceptable and analyses 

excluding the seven measurements performed by the second observer only were similar 

to analyses related to the entire group. Thus, our results were not influenced by the fact 

that two observers performed the ultrasound measurements.

In conclusion, the results of our study suggest that skinfold measurements are the best 

noninvasive techniques in predicting subcutaneous as well as intra-abdominal fat in 6- to 

7-year-old children.
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SuPPLEMENTARy INFORMATION

This file contains simple scatter plots, one comparing sum of supra-iliac and abdominal 

skinfold and CT measurements of subcutaneous abdominal fat, and one comparing ab-

dominal skinfold and CT measurements of intra-abdominal fat. 
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Subcutaneous abdominal fat on CT (cm3)
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Figure 1. Scatter plot comparing sum of supra-iliac and abdominal skinfold and CT measurements of 
subcutaneous abdominal fat
Sex
 female
 male
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Intra-abdominal fat on CT (cm3)
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Figure 2. Scatter plot comparing abdominal skinfold and CT measurements of intra-abdominal fat.
Sex
 female
 male




