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Abstract

Aim: As the abdominal bioelectrical impedance method is changed by visceral fat area by CT (VFA) and
quantity, we examined whether the abdominal bioelectrical impedance per measured area (V/A) as the visceral fat
characteristics index is useful for diabetes care.

Methods: The subjects were 33 Japanese obese female outpatients. We investigated the correlations of V/A
measured by the abdominal bioelectrical impedance method device and of VFA, for each measurement item. And
we analyzed the related factors for HOMA-R as the insulin resistance index and for V/A as visceral fat characteristics
index by stepwise multiple regression analysis.

Results: As there is no correlation between the V/Awe used and VFA, we report that the visceral fat characteristics
(density) from V/A is not directly associated with VFA (area). We investigated correlations of V/A and VFA for the
measured items. There were significant correlations of V/A for peakVO,/W, BS, IRI, HOMA-R, lean body. There were
significant correlations of VFA for peakVO,/W, IRl and HOMA-R, BMI, waist circumference, and body weight. We
analyzed the related factors for HOMA-R and for V/A by stepwise multiple regression analysis. From the results of
stepwise multiple regression analysis, the final independent variables V/A and VFA were chosen for HOMA-R, and
peakVO,/W was chosen for V/A.

Conclusion: We report that the visceral fat characteristics (density) from V/A are not directly associated with
VFA (area). Hence the evaluation of visceral fat characteristics by V/A is important for diabetes care and treatment

of obesity.
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Abbreviations: VFA: Visceral Fat Area; WC: Waist Circumference;
CT: Computed Tomography; V: Abdominal Visceral Fat Impedance;
V/A: Abdominal Visceral Fat Impedance per Area

Introduction

It has been shown that abdominal visceral fat is associated with
the onset mechanism for the metabolic syndrome caused by obesity,
which induces prospective arteriosclerotic diseases such as diabetes,
mellitus, hyperlipidemia and hypertension [1-4]. Abdominal visceral
fat area (VFA) is reported to be negatively correlative with plasma
adiponectin as adipocytokine for ordinary persons, and to increase the
risk of arteriosclerotic and diabetes disease [5,6]. In the past, visceral
fat has been evaluated only by area. However, visceral fat varies in
weight and specific gravity. The difference in fat-specific gravity is
associated with various physiologically activated functions, which
adipose tissue induces. It is reported that visceral fat in particular
induces adipocytokine more than does subcutaneous fat; visceral fat is
therefore associated with insulin resistance and other conditions [3,7].
As visceral fat increases, internal secretion metabolism relationship
disease is reported to increase disease incidence and severity of excess
stored subcutaneous fat [2,4,8]. We therefore believe that the evaluation
of visceral fat not only by area but also by quantitative characteristics
analysis is very important in evaluating arteriosclerotic disease risk and
diabetes care.

Bioelectrical impedance method can estimate constituent tissue
and quantity of organism by bioelectrical impedance, which is
measured by passing a low-level electrical current through the body
[9,10]. Recently, the bioelectrical impedance method has been used in
the abdominal area. Ryo measured abdominal visceral fat impedance

and waist circumference (WC) and estimated abdominal VFA, which is
called eVFA method. Ryo’s studies indicate that eVFA method is highly
correlative with VFA measured by computed tomography (CT) [11].
It was reported that estimated VFA by eVFA method is significantly
associated with arteriosclerotic risk [12].

The eVFA method can be changed by VFA and quantity, which is
associated with visceral fat tissue characteristics. Therefore, we divided
the measured abdominal visceral fat impedance (V) by the measuring
area, which means abdominal visceral fat impedance per area (V/A).
The V/A can be expressed as the index of visceral fat characteristics
and/or quantity. If we can evaluate V/A in relation to visceral fat
characteristics, we can evaluate visceral fat function which corresponds
to visceral fat characteristics.

In this study, we calculated V/A from the measured V using the
eVFA method and investigated the correlation of VFA and of V/A in
terms of motor abilities and humoral arteriosclerotic risk factors for the
obese patients. Our purpose was to determine the usefulness of V/A
analysis relative to the index of visceral fat characteristics.
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Methods

The study subjects were obese female outpatients (n=33) at our
university hospital in Osaka. They were obese women (age: 20- years
old, BMI: 30-) without serious medical conditions. The exclusion
criteria were diabetes insulin treatment, secondary obesity by endocrine
disorders and mental illness drug treatment. The study period was from
15 February, 2011 to 31 October, 2012. The study was approved by the
Human Ethics Committee of our university.

First, we identified V/A. The voltage, occurring at the flank by
the flow of current between the umbilicus and the back, correlates
significantly with VFA and is unaffected by subcutaneous fat area. The
voltage becomes higher as visceral fat accumulates even in subjects with
the same WC because the electrical resistance of intra-abdominal fat is
greater than that of fat-free mass, and the density of the equipotential
lines between the two ventral electrodes is greater [11] (Figure 1). In
this study, we developed a measuring device based on Ryo’s et al. [11]

Dotted lines indicate Current

equipotential lines

The back

Voltmeter

Visceral fat

.......

92IN0S JUaIIN)

Lean body mass The umbilicus

Subcutaneous fat

Figure 1: Abdominal bioelectrical impedance method

(1) The voltage occurring at the flank to the flow of current between the umbilicus
and the back correlates significantly with VFA

(2) The voltage occurring is unaffected by subcutaneous fat, because it is
located in abdominal cavity.

(3) The voltage becomes higher as visceral fat accumulates even in subjects
with the same WC because the electrical resistance of intra-abdominal fat is
greater than that of fat-free mass, and the density of the equipotential lines
between the two ventral electrodes becomes greater.

(This figure is based on Ryo’s developed eVFA method [11])
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Figure 2: The definition of V/A by eVFA method
(1) The measured area is A
(2) The distance between the two ventral part electrodes is 10 cm.
(3) Assuming abdomen is circle, the radius is W/2mr. Therefore A is calculated
as A=10*(W/).
(4) We calculated B (visceral fat area ratio in A from CT). We compensated for
the approximate value of visceral fat area in the measured area by multiplying.
This can be expressed as:

VIA =V/(B*10*WC/3.14), where 1 is 3.14.

principle, which sets the distance of the two ventral electrodes to 10 cm,
current Hz to 100 kHz, and current to 1 mA. We measured the voltage
between the two ventral electrodes, and integrated it each 200 msec. We
measured the subjects in the same bodily region more than two hours
after eating on three occasions. We calculated the average as V. Our V/A
definitions are below.

1. The measured area is A (Figure 2)
2. The distance between the two ventral electrodes is 10 cm.

3. Assuming the abdomen is a circle, the radius is WC/(2n).
Therefore, A is calculated as A = 10*WC/n).

4. The measured area A includes both visceral and subcutaneous
fat. We calculated B, which is the ratio of visceral fat area in A using
CT (Light Speed VCT VISION: GE Healthcare Japan Co., Ltd., Japan)
photographic data for all subjects. We compensated for the approximate
value of visceral fat area in the measured area by multiplying A by B.

As aresult, V/A can be expressed as
V/A =V/(B*10*WC/3.14), where mis 3.14, V(mQ),WC(cm)

Second, we investigated the correlations of V/A measured by
eVFA method device (Panasonic Co., Ltd. trial device, Japan) and of
VFA by CT, for each measurement item. We measured abdominal CT,
motor abilities, fasting humoral factors, baPWV and blood pressure
on the same day that we measured V or within one week before or
after. The fasting humoral factors we measured were blood sugar level
(BS), immunoreactive insulin (IRI), HOMA-R, adiponectin, high
molecular weight adiponectin, middle molecular weight adiponectin,
low molecular weight adiponectin, triglyceride (TG), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), uric acid (UA), Hemoglobin Alc (HbAlc: National
Glycohemoglobin Standardization Program value), and C-reactive
protein (CRP). We obtained average brachial-ankle pulse wave velocity
(baPWYV) at the right and left ankles, systolic blood pressure (SBP), and
diastolic blood pressure (DBP) by BP-203RPE III (Omron-Colin Co.,
Ltd., Japan) as the arteriosclerosis quantitative index. We calculated
visceral fat area and subcutaneous fat area by CT as the abdominal fat
index, and measured WC, body weight, and body mass index (BMI),
and obtained fat body mass and lean body mass by DEXA (Dual
Energy X-ray Absorptiometry: DPX-NT: General Electric Lunar Co.,
Ltd., America). To determine the motor abilities index we measured
anaerobic threshold VO, per body weight (ATVO,/W) and peak VO,
per body weight (peakVO,/W) for cardiopulmonary exercise test by
sedentary ergometer using AE1000 (Minato Co., Ltd., Japan).

Finally, we analyzed the related factors for HOMA-R as the insulin
resistance index and for V/A as visceral fat characteristics indexes by
stepwise multiple regression analysis.

All statistical analysis was performed with SPSS Statistics 19.0.
Pearson’s correlation coefficient was used to analyze the correlations.
Significance level was set at P<0.05 (two-sided test).

Results

Identification of the calculation formula for V/A

We calculated B, which is the ratio of visceral fat area in A from
photographic data for 33 subjects (age 44.8 + 12.2 years old, BMI 36.1
+ 4.4, WC 115.8 + 9.4 cm: Average + SD). Average B was 36 + 6% (max
48%, min 20%). Hence we identified B = 0.36. As a result, we used the
calculation formula for V/A (V/A=V/ (0.36*10*WC/3.14)) in this study.
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The correlations of V/A for measured items

i. Basic data for all subjects are shown in Table 1. To confirm
whether V/A is an independent index of visceral fat
characteristics, we investigated correlations of V/A for visceral
fat area and subcutaneous fat area by CT, WC, and body weight.
There were no significant correlations of V/A for their indexes.

ii. 'We show the correlations of V/A and VFA by CT for measured
items (Table 2). As for V/A, there was a significant negative
correlation for peakVO,/W in motor abilities; significant
positive correlations for BS, IRI and HOMA-R in fasting
humoral factors; and significant negative correlation for lean
body mass. As for VFA by CT, there was a significant negative
correlation for peakVO,/W in motor abilities; significant
positive correlations for IRl and HOMA-R in fasting humoral

Average SD
Age (year) 44.8 12.2
Body weight (kg) 89.4 10.1
Body mass index (kg/m?) 36.0 44
Wiaist circumference (cm) 115.8 9.4
Visceral fat area (cm?) 176.6 55.8
Subcutaneous fat area (cm?) 456.6 103.5
Fat body mass (kg) 49.1 12.3
Lean body mass (kg) 43.8 4.9
ATVO, (ml/kg/min) 1.4 2.3
peakVO, (ml/kg/min) 19.0 4.0
baPWV:Right and left average (cm/sec) 1343.2 250.9
SBP (mmHg) 143.3 17.0
DBP (mmHg) 86.0 12.5
Adiponectin (ng/mL) 4.9 3.0
High molecular weight adiponectin (ng/mL) 1.9 20
Middle molecular weight adiponectin (ng/mL) 0.9 0.5
Low molecular weight adiponectin (ng/mL) 2.0 0.9
BS (mg/dl) 101.4 17.0
IRI (pu/ml) 12.2 5.3
HOMA-R 3.1 1.6
TG (mg/dl) 112.8 441
HDL-C (mg/dl) 48.4 9.5
LDL-C (mg/dl) 119.1 30.7
UA (mg/dl) 5.9 1.3
HbA1c (%) 6.0 1.0
CRP (mg/dl) 0.5 0.6
V/IA (mQ/cm?) 10.9 2.6

Table 1: Basic data for all subjects (n=33).

Correlations for V/A (mQ/cm?) Corr(ilrz:]tzi?rgi fngFA

r p value r p value
Body weight -0.20 n.s. 0.35 p<0.05
BMI -0.11 n.s. 0.43 p<0.05
Waist circumference -0.23 n.s. 0.44 p<0.01
Lean body mass -0.64 p<0.01 0.09 n.s.
peakVO, (ml/kg/min) -0.49 p<0.05 -0.49 p<0.05
BS 0.52 p<0.01 0.20 n.s.
IRI 0.48 p<0.01 0.43 p<0.05
HOMA-R 0.60 p<0.01 0.41 p<0.05

We indicate the only significant correlations of V/Aor VFAby CT. n.s.: no significance
Table 2: Correlations of V/A and VFA by CT for measured items (n=33)

Correlations of HOMA-R

r p value
VIA 0.60 p<0.01
VFAby CT 0.41 p<0.05
baPWV:Right and left average 0.40 p<0.05
BS 0.63 p<0.01
IRI 0.92 p<0.01
HbA1c 0.37 p<0.05

We indicate the only significant correlations of HOMA-R
Table 3: Correlations of HOMA-R for measured items (n=33).

factors; and significant positive correlations for BMI, WC, and
body weight.

Stepwise multiple regression analysis results for HOMA-R
and V/A

There were significant correlations of HOMA-R for V/A, VFA
by CT, baPWYV, BS, and IRI (Table 3). As HOMA-R is calculated
from BS and IRI, we excluded BS and IRI from stepwise multiple
regression analysis items. The results of stepwise multiple regression
analysis (dependent variable: HOMA-R; independent variables: V/A,
VFA by CT, baPWV) indicated that final significant independent
variables were V/A (standardization coefficient; 0.54, p<0.001) and
VFA by CT (standardization coeflicient; 0.30, p<0.05). Adjusted R? is
0.41. There were significant correlations of V/A for peakVO,/W, BS,
IRI and HOMA-R, lean body mass (Table 2). To confirm what is the
most significant correlation of V/A except HOMA-R, BS, and IRI, we
performed stepwise multiple regression analysis (dependent variable:
V/A; independent variables: peakVO,/W, lean body mass). As a result,
we confirmed that the final significant independent variable was
peakVO,/W (standardization coefficient; -0.49, p<0.05). Adjusted R* is
0.21.

Disscusion

The results suggest that the measured abdominal bioelectrical
impedance (V), in which the voltage occurs at the flank by the flow
of current between the umbilicus and the back, correlates significantly
with VFA according to Ryos developed eVFA method [11] and V
significantly indicates visceral fat characteristics. Hence we estimate
visceral fat characteristics from V in this study. As there is no correlation
between the V/A we used and VFA measured by CT, we report that the
visceral fat characteristics (density) from V/A is not directly associated
with VFA by CT (area). These results indicate that the evaluation of
visceral fat characteristics from V/A is important in relationship to
insulin resistance and other factors, which significantly correlate with
the visceral fat. As there are no significant correlations of V/A for the
visceral fat area and subcutaneous fat area by CT, WC, and body weight,
V/A is shown to be a new independent index. Typically, high density in
adipose tissue indicates high bioelectrical impedance [9,10]. Therefore,
high density in visceral adipose tissue indicates high V/A, and low
density in visceral adipose tissue indicates low V/A.

For the 33 obese female outpatients, there were significant positive
correlations of both V/A and VFA by CT with HOMA-R. However, we
chose both the V/A and the VFA measured by CT as final significant
independent variables based on the results of stepwise multiple
regression analysis. We therefore suggest that HOMA-R is associated not
only with VFA but also with visceral fat characteristics. This indicates
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that the evaluation of visceral fat characteristics from V/A is important
in addition to the evaluation of visceral fat area, because we believe
that high density in visceral adipose tissue increases insulin resistance
in obese female outpatients. To confirm what is the most significant
correlation of V/A except HOMA-R, we performed stepwise multiple
regression analysis. As a result, we confirmed that the final significant
independent variable was peakVO,/W. This indicates that low motor
ability such as low peakVO,/W affects V/A and is associated with high
density in visceral adipose tissue. The lower the functional capacity of
the obese female outpatients, the less exercise they perform, and the
lower the density of visceral adipose tissue, the more physiological
activation they have.

We report that the visceral fat characteristics (density) from V/A are
not directly associated with VFA by CT (area). Hence the evaluation of
visceral fat characteristics by V/A is important for diabetes care and so
on. We suggest that not only the application of dietary restrictions but
also the development of functional capacity through exercise therapy is
important in the treatment of obesity.
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