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Abstract

Abdominal fat, and in particular, visceral adipose tissue (VAT), is the critical fat depot associated
with metabolic aberrations. At present VAT can only be accurately measured by computed
tomography (CT) or magnetic resonance imaging (MRI). This study was designed to compare a
new abdominal bioelectrical impedance device against total abdominal adipose tissue (TAAT) and
VAT area measurements made from an abdominal MRI scan, and to assess it’s reliability and
accuracy.

120 participants were recruited, stratified by gender and body mass index (BMI). Participants had
triplicate measures of abdominal fat and WC with the AB-140 (Tanita Corp, Tokyo, Japan) and
WC measurements using a manual tape measure. A single abdominal MRI scan was performed as
the reference method.

Triplicate measures with the AB-140 showed excellent precision for “visceral fat level’, trunk fat
% and WC. AB-140 “visceral fat level’ showed significantly stronger correlations with MRI
TAAT area than with MRI VAT area (r=0.94 vs. 0.65 in men and 0.92 vs. 0.64 in women).
AB-140 WC showed good correlation with manual WC measurements (r=0.95 in men and 0.90 in
women). AB-140 and manual WC’s showed comparable correlations with MRI TAAT area
(r=0.92 and 0.96 in men and 0.88 and 0.88 in women). AB-140 is a simple, quick and precise
technique to measure abdominal fat and WC in healthy adults. It provides a useful proxy for
TAAT measured by MRI, comparable to the correlation obtained with manual WC measurements.
Neither the AB-140 abdominal fat measures, nor WC measurement appear to provide a useful
proxy measure of VAT.
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INTRODUCTION

The relationship between obesity and an increased risk of morbidity and premature mortality
is well established (1. Analyses have traditionally used body mass index (BMI) as the proxy
measure of obesity. However, in 1956 it was first suggested that the distribution of the
excess weight was more important () and, over subsequent years, the focus of research has
expanded to encompass the relationship between regional fat depots and disease.

Visceral adipose tissue (VAT), deposited in the intra-abdominal cavity and surrounding the
internal organs, is associated with a variety of metabolic risk factors (3, is a predictor of
premature mortality ) and is causally implicated in the development of disease through a
variety of different mechanisms  6). However, research is constrained because imaging
techniques, such as computed tomography (CT) and magnetic resonance imaging (MRI) are
the only direct methods to quantify VAT ().

It has been shown previously that waist circumference (WC) is correlated with measures of
total abdominal adipose tissue (TAAT) from CT and MRI €. 9). Similarly, WC has been
shown to be correlated, but less strongly so, with VAT, particularly in obese subjects (10 11),
WC has been used widely in observational studies, and shown to be a stronger and indeed
independent, predictor of health risks over BM1 (12),

Bioelectrical impedance (BIA) is an established method for the prediction of whole-body fat
mass. A new method, combining the use of infra-red (IR) and abdominal BIA, has been
designed to measure WC and to estimate trunk fat percentage and ‘visceral fat level’. The
Tanita AB-140 (Tanita Corp, Tokyo, Japan) has the potential to provide valuable
information to improve the assessment of individual health risks or to monitor the impact of
intervention.

Objectives

This study reports the results of a study to examine the performance of the AB-140 as a
measure of abdominal fatness, against the reference method, MRI, and to compare it against
manual measurements of WC.

METHODS

Study Design

The study was approved by the Local Research Ethics Committee 08/H0306/64. Participants
gave written, informed consent before inclusion in the study. The study was a cross-
sectional design, with each participant completing two study visits within 7 days. On the
first visit, at MRC Human Nutrition Research, all anthropometry and BIA measurements
were made. On the second visit, at the MRIS Unit, the MRI was performed.

Recruitment

120 participants, aged between 18-79 years were recruited into one of 6 groups (n=20 per
group), stratified by gender and BMI (<25, 25-29.9 and 30-35 kg/m?, or lean, overweight
and obese groups respectively). Selection criteria were designed to exclude subjects for
whom the MRI or BIA was unsuitable, and for whom results may be unreliable due to
unusual changes in body weight or composition. Participants were excluded if they were not
weight stable (defined as a self-reported weight change of more than 2kg in the previous
month), were pregnant or lactating women, athletes, had been previously diagnosed with
lipodystrophy, any disorder or concomitant medication known to affect fat distribution,
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cancer within last 5 years, or had been treated with surgical aneurysm clips in the brain,
inner ear implants, replacement joints or prosthetic limbs or metal implants or a pacemaker.

Anthropometry

AB-140

MRI

Height was measured using a wall-mounted stadiometer (Holtain Ltd, Dyfed, Wales, UK),
to the nearest 0.5cm, with the participant’s head in the Frankfort plane. Body mass, wearing
light indoor clothing but no shoes, was measured using the BC-420 MA (Tanita Corp,
Tokyo, Japan), to the nearest 0.1kg. A correction factor of —1kg was used to adjust for the
weight of clothes. WC was measured using a tape measure to the nearest 0.5 cm, at both the
level of the umbilicus and the level of the midpoint waist, as defined by the World Health
Organisation, by measuring at the mid-point between the lowest palpable rib and the top of
the iliac crest, in the mid-axillary line. WC measurements were made in triplicate,
repositioning the tape between measurements with the average at each level taken and
reported. One observer performed 89% of all measurements, with all measurements within a
participant made by the same trained observer.

For the first 13 participants the AB-100 was used, and for the remaining participants the
AB-140 was used. Since these two devices differ only in their cosmetic appearance and use
the same core components, AB-140 will be used to describe these two devices. For all
AB-140 measurements participants were in a supine position, without a pillow, with arms
laid across the chest. The AB-140 was positioned perpendicular to the participant’s body at
the umbilical level as per manufacturers instructions, with the multi-frequency electrode
device positioned on the abdomen in direct contact with the skin. Trunk fat %, ‘visceral fat
level” and WC measurements were made in triplicate, repositioning the AB-140 between
each measurement. The average of the triplicate results was used to compare with the MRI
and manual WC results.

Participants were each examined once on a GE 1.5T HDx (GE Healthcare, Waukesha, WI)
using an 8-channel torso phased array coil, and analysed with SliceOmatic, version 4.3
software, licensed by TomoVision (TomoVision, Montreal, Canada). A single shot fast spin
echo (SSFSE) sequence was applied with the following parameters: TE/TR/BW/matrix size/
FOV (minfull/min/62.5KHz/256! 256/32-48cm). The field of view was set to encompass
both VAT and the subcutaneous abdominal adipose tissue (SAAT). The slice thickness was
10mm with a 5mm inter-slice gap. Slices were obtained from the level of the xiphisternum
to the pubic symphysis. For measurement of VAT and SAAT area in the abdominal region,
the single slice selected for analysis was in line with the iliac crests at the L4/5 vertebrae, a
slice commonly selected and previously shown to be correlated with multi-slice visceral and
subcutaneous adipose tissue volumes (13) and close to the umbilicus. VAT and SAAT areas
were identified by an experienced trained technician with 5 years experience in quantifying
abdominal adipose tissue; each assessment was agreed in consensus with a radiologist with
over 20 years experience in adipose tissue quantification. VAT and SAAT areas were
summed to give the TAAT area.

Statistical analysis

Raw data was checked and analysed by an independent statistician (MC). Data was analysed
using a mixed effects model with participant as a random effect in order to separate the
within and between individual components of variation and assess the reliability of repeat
measures. An average of the repeat measures was then calculated and agreement between
methods assessed visually by scatter-plots and Bland-Altman plots (14, Pearson’s
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correlation coefficients with 95% confidence intervals were calculated. All analysis was
performed using Stata version 10.1 (StataCorp, College Station, Texas 77845, USA).

A total of 120 participants were included in the study, with 20 participants in each of the 6
groups. A single AB-140 measurement was missing for 2 individuals (with obvious outlying
values, due to a machine error). For these individuals, instead an average from the duplicate
repeat was obtained. Participant characteristics are shown in Table 1.

The design of the study, with stratification of participants by BMI, was intended to include a
broad range of VAT area values. Data from the MRI scan, illustrates that this was
successfully achieved. Table 1 shows that within a given BMI group, men have greater
quantities of VAT, but lesser quantities of SAAT and TAAT, than women. The large SD
illustrates that inter-individual variability of VAT area within each BMI group is particularly
marked in men. Figure 1 shows the relationship between VAT and TAAT area in men and
women, measured using MRI. While the two measures are broadly correlated (r=0.77 and
r=0.65 in men and women, respectively), they are not directly proportional in men or
women.

The triplicate measurements show excellent reliability for the AB-140 for trunk fat %,
‘visceral fat level’ and WC, with a similar level of reliability for the manual tape measure
WC at both levels. The standard deviation (SD) for “visceral fat level” was 0.61, with an
intra-class correlation coefficient (ICC) of 0.985, while the SD for trunk fat % was 0.66%,
with an ICC of 0.996. The SD of the triplicate measurements of WC by the AB-140 was
0.54cm, with an ICC of 0.998. The SD of the manual WC was 0.73cm, with an ICC of 0.997
at the midpoint WC level and an SD of 0.77cm and an ICC of 0.996 at the umbilical WC
level.

Agreement between WC measurements

Table 1 shows the average WC measurements and Figure 2 shows the Mean-Difference
plots of the AB-140 WC and the manual umbilical WC. On average, the AB-140 WC was
3.0cm smaller in men (95% CI -10.5 to 4.5cm) and 6.1cm larger in women (95% CI -5.0 to
17.2cm) than the manual umbilical WC. When comparing with the manual midpoint WC,
the mean AB-140 WC was 2.8cm smaller in men (95% CI —11.2 to 5.7cm) and 10.3cm
larger in women (95% CI —1.2 to 21.7cm).

Relationship between AB-140 measures and MRI VAT and TAAT

Table 2 shows the correlation coefficients between the AB-140 trunk fat % and MRI TAAT
area. There are good correlations in both men and women (r=0.93 and 0.89 respectively).
Table 2 and Figure 3 show the correlation coefficients between the AB-140 “visceral fat
level’ and MRI VAT area and MRI TAAT area. The correlation with MRl TAAT area is
significantly higher than that with MRI VAT area, in both men and women (r=0.94 vs. 0.65
and 0.92 vs. 0.64 respectively, p<0.05).

The AB-140 WC measurement also shows significantly better correlation with TAAT area
than with VAT area in both men and women (Table 2 and Figure 4, r=0.92 vs. 0.63 and 0.88
vs. 0.57, p<0.05). The correlation of MRI TAAT area with both manual WC’s is similar to
that between the MRI TAAT area and the AB-140 WC (r=0.96, 0.96, 0.92 in men and
r=0.91, 0.88, 0.88 in women with midpoint WC, umbilical WC and AB-140 WC
respectively).
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DISCUSSION

The results of this study show that the AB-140, a novel bioelectrical impedance technique, is
a very precise measure of WC, trunk fat and ‘visceral fat level’. Both the AB-140 BIA
measures, trunk fat % and ‘visceral fat level’, show better correlations with MRI
measurements of TAAT than VAT. This is particularly apparent for subjects with a greater
proportion of VAT, where the relationship between VAT and TAAT is less predictable. This
suggests that the “visceral fat level” measure would more appropriately be regarded as
‘abdominal fat level’.

AB-140 ‘visceral fat level’, trunk fat % and WC show similar correlations to the manual
WC measurements at both the midpoint and umbilical level, with MRI TAAT, suggesting
that they are all useful as proxy measurements. It is now important to explore the
relationship between the AB-140 measurements and obesity-related disease outcomes, to
determine its usefulness as a predictor of disease.

In this study, a similar degree of precision was obtained with AB-140 and manual tape
measures of WC. However, manual repeat measurements were made by a single observer
with a high level of training, within a very short timeframe, with visible markings of the
measurement site and in full knowledge that the data would be used to calculate precision.
Hence, the manual tape measure precision is likely to be lower in routine use, particularly in
cases of multiple observers. Inter-observer differences are reported to be significantly higher
than intra-observer differences (1>-17). In contrast, the ease of use of the AB-140, with an
infra-red tool used to aid correct positioning of the device at the level of the umbilicus,
would suggest the precision estimate in this study is appropriate.

WC was measured with a tape measure at both the midpoint waist and the umbilical level to
provide both a comparison with the current field method, and a like-with-like comparison
for the AB-140 WC. There are clear systematic differences between the measurements of
WC by the AB-140 and the current field method and the umbilical level. This difference is
particularly evident in women, where AB-140 WC is consistently larger than either manual
WC. This difference may in part be due to absolute differences in the two approaches, not
least that subjects were measured supine with the AB-140 and standing with the tape
measure. The difference between measurements was slightly larger for the midpoint WC
measurement, where there is the additional variability of the measurements being taken at
slightly different levels. Similar observations of differences in WC measured at different
sites, particularly in women, have been reported (17-19) and may be explained by differences
in body shape between genders (20), Hence, while the AB-140 provides a precise and
objective measurement of WC, it is not directly comparable to the current field measure.
This will limit its applicability as a diagnostic tool, where current cut off values will not be
appropriate and in large-scale surveys where there is comparison with historical
measurements of WC. However, studies have shown that the site of measurement does not
affect the association with disease outcomes (9 21) and hence the AB-140 is potentially a
valuable tool for new surveys and particularly for intervention studies where there is a need
to make precise measurements of potentially subtle changes.

The AB-140 is, to our knowledge, the only simple device that directly assesses abdominal
fat. It requires only prior information on gender and then makes an infra-red measurement of
WC and an impedance measurement in order to calculate an abdominal fat level value.
Unlike whole-body impedance devices, the algorithm does not rely on factors such as age,
weight or height to refine the estimation of body fat.
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CONCLUSION

This is the first study to demonstrate that the AB-140 is a precise and useful measure of both
abdominal fat and WC. Although AB-140 measurements show no closer correlation with
MRI TAAT than manual WC, the AB-140 may overcome the observer error associated with
manual WC. Further work is now needed to assess the relationship between abdominal fat
and WC measurements from the AB-140 and health outcomes to determine their individual
and combined usefulness in the prediction of disease risk.
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