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Purpose: To investigate the potential of standing 8-electrode bioelectrical impedance 
analysis (BIA) for assessing visceral fat area (VFA) and body fat mass (BFM) in athletes.
Materials and Methods: A total of 95 subjects (50 males and 45 females) were recruited. 
VFA and BFM measurements were obtained using three standing 8-electrode BIA devices, 
InBody230, InBody770, and IOI353. These acquired VFA and BFM were expressed as 
VFAIOI353, VFAInBody230, VFAInBody770 V, BFMIOI353, BFMInBody230, and BFMInBody770, 

respectively. As reference measurement, the VFA acquired from computer tomography 
(CT) was expressed as VFACT, and the BFM measured by dual-energy X-ray absorptiometry 
(DXA) was denoted as BFMDXA.
Results: The coefficient of determination (r2) in regression analysis between the measure
ments by VFAIOI353, VFAInBody230, VFAInBody770 and VFACT were 0.425, 0.492, and 0.473, 
respectively. Also, the limits of agreement (LOA) obtained from Bland–Altman analysis 
were −25.18 to 56.62, −29.74 to 62.44, and −32.96 to 71.93 cm2. For BFM, r2 in regression 
analysis between the measurements by BFMIOI353, BFMInBody230, BFMInBody770 and 
BMFDXA were 0.894, 0.950, and 0.955, respectively; LOA were −7.21 to 5.75, −4.70 to 
4.05, and −5.48 to 3.05 kg, respectively.
Conclusion: The results showed when assessing BFM, these instruments delivered compar
able measurements, and the degree of agreement ranged from excellent to moderate com
pared with the reference method. However, when assessing VFA, the agreements were weak. 
Therefore, the application of standing 8-electrode BIA devices for assessing athletes’ VFA 
still needs improvement.
Keywords: bioelectrical impedance analysis, body fat mass, visceral fat area

Introduction
Excess visceral adiposity is a risk factor for metabolic syndrome and is related to 
type 2 diabetes and cardiovascular diseases.1,2 Hence, valid and reliable methods 
for visceral fat would be of great value in identifying patients at risk of metabolic 
syndrome. Reference methods for measuring visceral fat are MRI (magnetic reso
nance imaging)3 and CT (computed tomography).4 These methods can quantify 
visceral fat directly but have the disadvantages of high cost, time-consuming, and 
labor-intensive. Other surrogate markers of visceral adiposity include body mass 
index (BMI), waist-to-hip ratio,5,6 and fat estimates by DXA (dual-energy X-ray 
absorptiometry),7 is less expensive and more convenient, but has the disadvantage 
of indirect measurement for visceral fat. BMI is a commonly used measurement 

Correspondence: Chung-Liang Lai 
Department of Physical Medicine and 
Rehabilitation, Puzi Hospital, Ministry of 
Health and Welfare, No. 42–50, YungHo 
Vil., Puzi City, Chiayi County, 61347, 
Taiwan  
Tel +886-5-379-0600  
Email laipeter57@yahoo.com.tw

submit your manuscript | www.dovepress.com International Journal of General Medicine 2021:14 539–548                                                539

http://doi.org/10.2147/IJGM.S281418 

DovePress © 2021 Lee et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0003-3793-3800
http://orcid.org/0000-0002-4500-9936
http://orcid.org/0000-0002-5562-8351
http://orcid.org/0000-0003-4111-1527
http://orcid.org/0000-0002-7562-6054
mailto:laipeter57@yahoo.com.tw
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


among the current methods of categorizing body fatness 
because of its convenience and simplicity. However, 
research has shown limited accuracy for categorizing 
body fatness by using BMI.8,9

BIA (bioelectrical impedance analysis) is a simple, 
safe, fast, and noninvasive body composition tool in clin
ical and epidemiological studies.10 It provides body com
position estimates, such as body fat mass, lean body mass, 
and body fat percentage, using equations derived from the 
impedance of the total body or body segments.11 The 
accuracy of BIA assessment can be validated by DXA, 
CT, MRI and deuterium dilution method. The commer
cially available BIAs use single or multiple frequency 
currents for measurements, and the derived impedance 
can be used to estimate body composition parameters by 
established empirical equations. Apart from that, the 
bioimpedance spectroscopy system can assess body com
position without using empirical equations.12–14

In addition to the body composition estimates men
tioned above, most modern BIA models also provide 
a simple method for the measure of VFA (visceral fat 
area). Therefore, it may also be a potential tool for body 
adiposity study.

Many studies have been conducted to examine body 
composition in athletes of different ethnic origins;15 how
ever, research on the measurement of BIA in athletes’ 
abdominal visceral fat are limited. Existing research 
reports that abdominal visceral fat and body fat weight 
are highly correlated in the general population, as well as 
obese populations.16

BFM (body fat mass) and distribution are directly 
correlated to the performance and health of athletes and, 
therefore, tracing BFM and VFA may hold value for 
coaches and trainers for monitoring training adaptations 
and metabolic risk in athletes, and possibly for monitoring 
athletes after retirement. The accuracy of BIA measure for 
BFM has been widely discussed in general population13 

and athletes15 in different ethnic groups. Unlike to the 
well-established role of fat estimates by BIA, there is 
limited literature to support the use of VFA by BIA. 
Controversial results about the potential role of VFA by 
BIA have been reported with low to high positive correla
tions between VFA measured by CT and BIA in 
general,17–21 aging,22 and obese23 populations. For the 
athlete, most studies have focused on measuring fat-free 
mass, BFM or percentage of body fat rather than the 
assessment of VFA and BFM and research that focuses 
on validating VFA by BIA is limited.

The purpose of this study was to validate the assess
ment of BFM and VFA by standing 8-electrode BIA 
devices in athletes. In this study, BFM by BIA was vali
dated against BFM by DXA and VFA by BIA was vali
dated against VFA by single-sliced CT. The relationship 
between VFA and BFM was also explored.

Materials and Methods
Ninety-five athletes (50 males, 45 females; age range: 
20.5–30.0 years) were recruited as participants. All parti
cipants were informed of the purpose and the details of the 
study, and upon a full understanding of their rights, they 
were asked to sign a consent form. Participants were asked 
to empty their bladder of urine 20 min before measure
ments were taken, and they changed into cotton gowns 
(weight about 450 g). Each participant then completed 
anthropometry, BIA, DXA, and CT assessments (in that 
sequence). All procedures were completed within 90 min. 
Female test subjects refrained from testing during the 
menstruation. This study was approved by the 
Institutional Review Board of Tasotun Psychiatric Center, 
which is the same hospital alliance group as our institution 
(Nan-Tou, Taiwan). (IRB No. 107,031, Chinese Clinical 
Trial Registry: ChiCTR 1,900,024,743). All procedures 
were conducted according to the Declaration of Helsinki.

Participants were weighed to the nearest 0.1 kg using 
a Weight-Tronix digital scale (Scale Electronics 
Development, New York, USA). Participant’s height was 
measured without shoes to the nearest 0.5 cm using 
a Stadiometer (Holtain, Crosswell, Wales, UK). BMI was 
calculated as weight divided by height squared (kg/m2).

When standing 8-electrode BIA assessments were per
formed, participants only wore a cotton gown. We used 
three different standing 8-electrode BIA devices for asses
sing body composition: (1) IOI353 (Jawon Medical, 
Gyeongsan, Korea) is a multi-frequency BIA device 
which measures at 5 kHz, 50 kHz, and 250 kHz (250 
mA), respectively; (2) InBody230 (Biospace, Seoul, 
Korea) is a two- frequency BIA device which measures 
at 20 kHz and 100 kHz (330 mA), respectively; and (3) 
InBody770 (Biospace, Seoul, Korea) is a multifrequency 
BIA device which measures at 1 kHz, 5 kHz, 50 kHz, 250 
kHz, 500 kHz, and 1000 kHz (80 mA), respectively. All 
three standing 8-electrode BIA instruments had eight 
stainless steel electrodes mounted on a hand-grip and 
footplate with a built-in weight sensor embedded in the 
base of the instrument. When conducting the measure
ment, the participant stood on the base contact plate with 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                  

International Journal of General Medicine 2021:14 540

Lee et al                                                                                                                                                               Dovepress

http://www.dovepress.com
http://www.dovepress.com


bare feet and placed both hands on the hand-grips with 
their arms slightly open, apart from the trunk. Participants’ 
feet were placed on the base contact plate. Subjects stood 
for 30 min before the BIA measurement was taken, as the 
water in the body was distributed at a stable state, then the 
participants were measured by three different BIA instru
ments randomly. BFM and VFA were measured using 
IOI353, InBody230, and InBody770 and were expressed 
as BFMIOI353, BFMInBody230, BFMInBody770, as well as 
VFAIOI353, VFAInBody230, VFAInBody770, respectively.

Each participant was tested using the Lunar Prodigy 
DXA system (GE, USA) for measuring body fat mass. 
Participants were asked to wear a cotton gown and lay in 
a supine position on the DXA measuring table with both 
arms extended at their sides, while placing both feet 
together with their toes pointing upward. The subject 
stayed in this supine position on the DXA table for five 
minutes before the DXA measurement was made. The 
total body scan was made using enCore 2003 Version 7.0 
software. Measurements derived by DXA were denoted as 
BFMDXA. On the day of measurement, prior to DXA scan, 
a standard calibration procedure was recommended by the 
manufacturer and implemented here.

For CT measurement, participants wore a cotton gown 
and lay in a supine position on the CT scanner with their 
arms extended overhead. The abdominal (L4-L5) CT scan 
was conducted using a Somatorn Sensation 64 CT system 
(Siemens Corp., Germany) equipped with software version 
Syngo CT2005A. Scanning was performed at 120 kV; 120 
mAs; exposure and scanning times were 0.5 seconds. Slice 
thickness was 5 mm, and collimation was set at 1.5 mm. 
The acquired images were processed using a 3D-Doctor 
Ver 3.5 (Able Software Corp., MA, USA), following pro
cedures suggested by Yoshizumi et al,4 to color visceral 
and abdominal fat in the calculated area, where CT thresh
old for fat tissue was set at −190±3 to −30±3 HU.

Statistical Analysis
The SPSS Ver. 18 (SPSS Inc., Chicago, IL, USA) and 
MedCalc Ver 19.6 (MedCalc Software Ltd, Mariakerke, 
Belgium) were used for statistical analyses. The data are 
presented as mean ±standard deviation. Repeated-measures 
ANOVA followed by Dunnett's post hoc pairwise compar
ison was used to test the mean differences between different 
measurement methods used for estimating VFA and BFM. 
Lin’s concordance correlation coefficient (ρc) was used to 
examine agreement between the BIA and reference method 
derived measures for VFA and BFM, respectively; ρc 

ranges from −1 to 1, with the perfect agreement at 1.24 

The ordinary least products regression models of the pre
dictive values of VFA and BFM estimates using different 
BIA devices and the values derived from the reference 
methods were also conducted, and the coefficient of deter
mination (r2) and standard error of the estimates (SEE) were 
used to assess the model, as well as to differentiate fixed 
bias and proportional bias.25 We retrospectively calculated 
that a sample of 84 subjects provided 95% power at 
a significance level of 0.05, considering effect size of 0.4 
(G*Power 3.1.9.2). Moreover, the Bland–Altman analyses 
were used to assess the degree of agreement between 
methods.26 The LOA is bias – .96 SD to bias +1.96 SD, 
and LOA (%) is the percentage ratio of 2 _x1.96 SD to the 
mean values of referential measurements. In addition, intra
class correlation coefficient (ICC) and coefficient of varia
tion (CV%) were used to ensure the reliability of the 
impedance measures in BIA devices. The APE (absolute 
percentage error) was used for the comparison of multiple 
methods. Statistical significance was set at p<0.05.

Results
A total of 95 highly-ranked or national-level Taiwanese 
athletes were recruited. Participants were specialized in 
wrestling (24%), judo (25%), dancing (14%), track and 
field (17%) and soccer (20%). The mean (±SD) age of the 
subjects was 23.5 (±2.7) years (Table 1). Male participants 
were significantly taller and heavier than female partici
pants but BMI was not significantly different between both 
sexes (Table 1).

DXA was used as the reference method for BFM measure. 
The BFM measured by three different BIA models and DXA 
are showed in Table 1 and the correlations between BIA and 
DXA in BFM are summarized in Table 2. Regardless of 
which tool this measurement was taken, females had 
a greater amount of BFM than males. In men, BFM estimates 
using IOI353 (BFMIOI353) and InBody230 (BFMInBody230) 
were significantly higher compared to that of DXA 
(BFMDXA). In women, BFM estimates using all three BIA 
models were significantly lower than BFMDXA. There was 
a very strong linear correlation (r2=0.894 to 0.955 [r=0.946 to 
0.977]) and a strong agreement (ICC=0.917 to 0.967) in BFM 
between BIA models and DXA. The scatter plots and regres
sion analysis between BIA and DXA in BFM measures are 
shown in Figure 1. The SEE in BFM between IOI353, 
Inbody230 and Inbody770 were 2.956 kg, 2.028 kg, and 
1.999 kg, respectively. Bland–Altman analysis showed that 
the LOA (%) of BFMInBody230, BFMInBody770, and BFMIOI35 
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was 89.3% and 60.3%, and 58.8%, respectively. The ordinary 
least products regression analysis indicated a fixed and pro
portional bias existed in BFMIOI353, BFMInBody230, and 
BFMInBody770 when compared with BFMDXA (Figure 2).

CT was used as the reference method for VFA measure. 
The VFA measured by three different BIA models and DXA 
are showed in Table 1. In both sexes, all three BIA models 
overestimated VFA. The correlations between BIA and DXA 
in VFA are summarized in Table 2 and the scatter plots and 
regression analysis are shown in Figure 3. Sex differences 
were found for VFA between two InBody scanner 
(InBody230 and InBody770) and DXA but not for VFA 
between IOI350 and DXA. There was a very strong linear 
correlation (r2=0.706 to 0.728 [r=0.840 to 0.853]) and 
a moderate agreement (ICC=0.781 to 0.797) between two 
InBody scanners and DXA in VFA in men whereas in 
female, there was a low to fair linear correlation (r2=0.242 
to 0.277 [r=0.492 to 0.526]) and a moderate agreement 
(ICC=0.781 to 0.797). The LOA (%) of VFA was also greater 
between InBody scanners and DXA in female than that of 
male. The ordinary least products regression analysis indi
cated a fixed and proportional bias existed in VFAInBody230, 
and VFAInBody770 when compared with VFADXA (Figure 4).

In contrast, there was no sex difference between 
IOI353 and DXA in the estimation of VFA. There was 
a moderate linear correlation (r2=0.442 to 0.455 [r=0.665 
to 0.675]) and moderate agreement (ICC=0.659 to 0.674) 

between IOI353 and DXA in VFA for both men and 
female. The LOA (%) of VFA was also compatible 
between box sexes using IOI353 and DXA. A fixed bias 
between IOI353 and DXA in VFA is shown in Figure 4 in 
both sexes.

In this study, regression equations for predicting 
VFACT using BFMDXA were developed, showing a very 
strong correlation in male (r2=0.776 [r=0.881]) but fair 
correlation in female (r2=0.245 [r=0.494]).

In males, the equation was as below:

VFA ¼ 2:549� BFMþ 3:153 

In females, the equation was as below:

VFA ¼ 1:738� BFMþ 3:958 

The LOA of the above equation for VFA in male 
athletes was −75.53 to 63.82 cm2, ICC: 0.875 (95%CI: 
0.789 to 0.927). The LOA of the equation for VFA in 
female athletes shown above was −108.93 to 81.85 cm2, 
ICC: 0.384 (95%CI: 0.104 to 0.607).

Discussion
In this study, statistical methods were applied to analyze 
the BFM and VFA estimates by three models standing 
8-electrode BIA against established techniques in athletes. 
A very high correlation and strong agreement were demon
strated between BFM readings by the three BIA models 

Table 1 Subjects Characteristics and Body Composition Estimates

Total (n = 95) Male (n = 50) Female (n = 45)

Mean SD Range Mean SD Range Mean SD Range

Age (y) 23.5 2.7 20.5-34.0 23.0 1.6 21.2-29.0 24.0 3.6 20.5-34.0

Height (cm) 170.2 6.3 154.0-184.5 172.6 5.4 162.0-184.5 166.5 5.7 154.0-178.0
Weight (kg) 70.2 15.1 48.7-127.7 69.7 9.7 51.7-107.6 67.5 10.5 48.7-87.8

BMI(kg/m2) 23.7 4.2 17.2-36.8 23.9 4.2 18.0-36.8 23.4 4.2 17.2-35.6

BFM(kg)

IOI353 13.8 7.1 4.9-39.6 12.2* 7.5 4.9-39.6 15.6** 6.1 7.6-39.2

InBody230 14.2 7.8 2.6-41.5 12.3* 8.5 2.6-41.1 16.2** 6.4 8.1-41.5
InBody770 13.3** 8.0 1.6-41.4 11.3 8.6 1.6-41.4 15.4** 6.4 7.3-40.8.

DXA 14.5 9.1 2.9-49.4 11.6 9.1 2.9-43.9 17.8 7.9 7.1-49.4

VFA (cm2)

IOI353 48.8** 24.7 15.0-165.0 53.9** 26.3 15.0-165.0 43.0** 21.6 18.0-138.0

InBody230 49.4** 32.8 10.0-160.0 43.0** 36.4 5.0-160.0 56.5** 27.0 15.0-150.0
InBody770 52.5 36.9 5.0-188.5 43.7** 40.4 5.0-183.2 62.3** 30.8 27.1-188.5

CT 33.0 25.3 6.3-130.7 32.9 26.3 6.3-126.5 33.1 24.5 7.3-130.7

Notes: Data are means ±SD and range (minimum-maximum). BIA devices (IOI353, InBody230, InBody770). Bioelectrical impedance estimation is significantly different from 
DXA, CT. *p<0.05, by repeated-measures ANOVA with Dunnett's post hoc analysis. **p<0.01, by repeated-measures ANOVA with Dunnett's post hoc analysis. 
Abbreviations: BMI, body mass index; BFM, body fat mass; DXA, dual-energy X-ray absorptiometry; VFA, visceral fat area; CT, computed tomography.
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and DXA in both sexes, indicating these devices have the 
potential to provide BFM measurement in athletes. 
Compared with the promising results of BFM measure 
by BIA, the VFA measure by BIA was less convincing. 
Furthermore, there was a gender difference for the rela
tionships between BIA and CT in VFA measure. In male 
athletes a moderate to high correlation and moderate 
agreement were noted for the VFA values by BIA models 
compared to that of CT, whereas in female athletes there 
was only a low to moderate correlation and weak to 
moderate agreement between methods.

BIA has been utilized to assess body composition 
widely, and in all the components of body composition, 
the degree of abdominal visceral fat accumulation seems 
to be the most health-related one, because it is associated 
with metabolic abnormalities. Previous studies utilizing 
BIA in the assessment of VFA were primarily focused on 
the general population or the obese population, rarely on 
athletes. This study examined the agreement of different 
standing 8-electrode BIA instruments for estimating BFM 
and VFA compared with reference methods in athletes.

BIA has been used to assess body composition for its 
convenient, noninvasive, and rapid assessment. 
Moreover, it has been used widely in clinical, experi
mental, and epidemiological studies. The predictive 
models used to estimate fat mass have been considered 
as confidential information by manufacturers. However, 
whether BIA can deliver accurate and precise estimates 
in athletes remains to be determined. The current study 
aimed to examine the association between BIA and 

reference methods for the assessment of BFM and VFA 
in Taiwanese athletes. Although bias of BIA for asses
sing VFA compared with the reference method is gen
erally higher than the bias of assessing BFM. Moreover, 
research has revealed that assessment of VFA in differ
ent populations when comparing the estimates with 

Figure 1 Correlation and regression analysis of BFM measurement results between 
BIA devices and DXA. IOI353: y=1.215 _x –2.229, r2=0.894, p<0.001; InBody230: 
y=1.127 x –1.444, r2=0.950, p<0.001; InBody770: y=1.113 _x –0.299, r2=0.955, 
p<0.001, (n=95). 
Note: The solid black line represents the identity line. 
Abbreviations: BFM, body fat mass; DXA, dual-energy X-ray absorptiometry.

Figure 2 Bland–Altman analysis of BFM of BIA devices and DXA. (A) IOI353, (B) 
InBody230, (C) InBody770, (all p<0.001). 
Note: A horizontal thin solid line represents mean bias. 
Abbreviations: BFM, body fat mass; DXA, dual-energy X-ray absorptiometry.
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VFACT, BIA can still deliver satisfactory results. 
However, the results of our study show that it is not 
able to deliver acceptable results when assessing 
athletes.

In the current study, we used three different BIA 
instruments, two of which, BFMInBody230 and 
BFMInBody770, were manufactured by the same company 
(Biospace Co. Ltd) These two instruments generated 
slightly different results when assessing the same partici
pant under the same controlled environment. However, 
when compared to the estimates that were acquired by 
reference methods (CT and DXA), results were similar. 
The results coincided with the findings by Anderson et al.27 

BFMInBody230 and BFMInBody770 were highly correlated 
with BFMDXA. The results of SEE for BFMInBody230, 
BFMInBody770, and BFMIOI35 were 2.956, 2.028, and 
1.999 kg, respectively.

Furthermore, Lin’s concordance correlation coefficient 
(CCC) between BFMInBody230 vs BFMDXA and 
BFMInBody770 vs BFMDXA were 0.964 and 0.957, respec
tively, suggesting agreement when comparing to 
BFMIOI353 vs BFMDXA (0.903). As for the estimation of 
VFA, the results of Lin’s concordance correlation coeffi
cient and SEE indicated that agreements between VFA 
assessed using BIA devices and that done by CT were 
poor. The VFA estimated using BIA devices were not 
desirable.

Some studies have focused on examining the degree of 
agreement between different BIA instruments and refer
ence methods by reporting LOA (relative difference in unit 

from standard; 95% CI) or LOA %.28,29 However, LOA 
(95%CI) can only reveal the difference in the range 
between the results of different BIA instruments compared 
with reference methods. When we tried to examine the 
agreement of BIA instruments with the results for refer
ence methods, it was determined that reporting the 

Figure 4 Bland–Altman analysis of VFA of BIA devices and CT. (A) IOI353, (B) 
InBody230, (C) InBody770, (all p<0.001). 
Notes: A horizontal thin solid line represents mean bias of two methods, and an 
upper and a lower horizontal dashed lines represent the upper limit and lower limit. 
Blue solid lines represent the regression lines. 
Abbreviations: VFA, visceral fat area; CT, computed tomography.

Figure 3 Correlation and regression analysis of VFA measurement results between 
BIA devices and CT. Square, circle, and triangle represent VFAIOI353, VFAInBody230 

and VFAInBody770, respectively. The black thin solid line represents an identical line. 
IOI353: y=0.669 _x +0.412, r2=0.425, p<0.001; InBody230: y=0.541 _x +6.320, 
r2=0.492, p<0.001; InBody770: y=0.473 _x +8.216, r2=0.473, p<0.001, (n=95). 
Abbreviations: VFA, visceral fat area; CT, computed tomography.

International Journal of General Medicine 2021:14                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
545

Dovepress                                                                                                                                                              Lee et al

http://www.dovepress.com
http://www.dovepress.com


difference as a percentage may be easier for us to under
stand. Therefore, we reported the degree of agreement by 
calculating LOA%. Considering that the participants were 
athletes, their BFM and VFA were generally lower than the 
general population or obese population. Therefore, LOA% 
tended to be higher due to the relatively lower means. 
Therefore, VFA measurements obtained using BIA devices 
had wider LOA% than that of BFM. Moreover, other 
statistical indicators such as Lin’s concordance correlation 
coefficient and the determined coefficients and standard 
errors of the estimate when using linear regression analysis 
also show VFA estimates obtained by BIA had substantial 
bias compared to that of BFM.

Taken together, the accuracy of the three different BIA 
instruments used for assessing VFA may still need improve
ments before they can be used for the assessment of athletes. 
Previously, studies have been more focused on assessing 
athletes’ lean body mass or skeletal muscle mass rather 
than fat mass. The current study aimed to examine agree
ments between standing 8-electrode BIAs and reference 
methods for assessing VFA and BFM, as well as to investi
gate the relationship between VFA and BFM. Smith et al,16 

reported the relationship between VFA and BFM: the equa
tions were VFA=3.65 BFM −18.0 (r2=0.641, female) and 
VFA=5.13 BFM –11.65 (r2=0.769, male). In the current 
study, we demonstrated the relationship between VFA and 
BFM: VFA=1.738 BFM +3.958 (r2=0.245, female) and 
VFA=2.549 BFM +3.153 (r2=0.776, male). Compared to 
the results of Smith et al,16 when assessing male subjects, 
we yielded a similar result for the determined coefficient; 
however, that study subjects were obese and were not ath
letes. However, when assessing female subjects, the devices 
in this study showed different results at the determined 
coefficient, intercept, and slope in the equation. Taken 
together, when assessing female athletes, using BFM alone 
to estimate VFA (r2=0.245) may not support consistent 
results.29

In this study, we also applied the BFM for establishing 
the equation of VFA in both male and female athletes, 
which had been rarely studied in current research for the 
relationship between BFM and VFA concerning male and 
female athletes. From the established VFA predictive 
equation or the validated outcomes in our study, the results 
showed that the correlation between VFA and BFM was 
stronger in the male athletes than that of the female ath
letes. Furthermore, regarding the application of BIA 
device on the estimation of VFA, some devices such as 
InBody230 and InBody770 also showed better predictive 

results for male athletes. Even though we do not have 
detailed information about the built-in equations of VFA 
in the BIA devices; the median APE results show no 
significant difference in the three BIA devices for estimat
ing BFM. In this study, whether BFM and VFA showed 
wide ranges of LOA or other statistical analytical out
comes indicated that the BIA devices discussed in the 
study were not suitable for clinical application in athletes. 
The InBody230 and InBody770 had greater range of error 
for the estimated results in female athletes. Therefore, the 
application of initial screening for VFA has to proceed 
with caution.

As for the BIA devices investigated in this study, the 
predictive VFA of female athletes has more bias than the 
estimated results of male athletes. Similar results have 
been reported in other BIA and VFA studies.21,23 

However, studies with different results have also been 
reported.22,28 When assessing an obese population, BIA 
tends to underestimate VFA.30 If VFA is estimated indir
ectly using BFM, studies from Smith et al,16 showed that 
the correlation between VFA and BFM in obese women is 
lower than in obese men. Hence, the accuracy of applying 
BIA to measure VFA in women may be lower than for 
men. When BIA was used to measure VFA, the variables 
such as height, weight, gender, impedance of different 
limbs, and frequency at different limbs, have different 
degrees of correlation with VFA. These related issues 
still require additional research and study for verification.

VFA has been shown to have a positive relationship with 
BFM and fat mass of the trunk.16,28 The results of the current 
study demonstrate that using BIA devices to assess BFM 
yields less biased results than VFA. All VFA measurements 
obtained by BIA devices differed from VFACT. The existing 
methods used in standing BIA devices for estimating fat 
mass can be calculated in two ways: by a predictive method 
using variables such as weight, height, age, and sex, or by 
a predictive method using direct measurements of the impe
dance in different body segments. Regardless of the predic
tive model used to estimate, when assessing VFA, the degree 
of correlation between VFA and predictive variables remain 
a concern. Furthermore, the placement of eight electrodes in 
standing BIA instruments are located at hands and feet that 
did not directly measure the resistance of the abdominal area; 
therefore, most BIA devices using indirect predictive meth
ods from other variables such as body fat, percentage body 
fat, or other parameters to obtain estimates of VFA instead of 
using impedance measured at the abdominal area to derived 
VFA.12,19 A study has reported that only a moderate 
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correlation exists between VFA obtained by standing BIA 
and with a reference method; r=0.605 (p<0.001, n=1006).21 

Therefore, if increasing the accuracy of BIA in assessing 
VFA is the goal, a direct impedance measurement from the 
abdominal area similar to the DUALSCAN HDS-2000 
(Omron Healthcare Co., Kyoto, Japan) may need to be 
applied. Park et al,31 reported that the correlation of VFA 
measurements obtained by DUALSCAN HDS-2000 and 
InBody720 with referenced CT were r=0.89 and r=0.64, 
respectively. The accuracy can also be improved by adding 
parameters regarding the abdominal area to the predictive 
model, such as those used by Yoneda et al,32 . In their study, 
the equation Dual BIA � VFA ¼ α1Aþ α2B2 �

α3 A2 þ B2� �1=2Zs � α4=Ztþ ε was used to determine 
VFA; where A, abdominal transverse diameter; B, abdominal 
anteroposterior diameter; Zs, surface impedance; Zt, truncal 
impedance; ε, residual constant; αi (i=1–4); αi is the para
meter that estimated by the regression model. By including 
more variables that are related to the abdominal area, or the 
single-frequency electrical abdominal impedance applied by 
Scharfetter et al,33 the accuracy of standing BIA instruments 
when assessing VFA may be improved.

The areas measured for electrical impedance in this 
study included the entire body and individual extremities 
but not directly over the abdominal region. It is uncertain 
that if the electrical impedance obtained from extremities 
can be applied to estimate the fat area of the abdomen. 
Although the current research showed that the whole body 
BFM can be used to estimate VFA, whether the approach 
is applicable for athletes is still to be clarified.

Our study only recruited the elite active athletes in 
Taiwan as the research participants, so the results cannot 
be generalized to other ethnicities or athletes at different 
ages, such as adolescence and middle adulthood. 
Moreover, the sample size and sport specialization are 
the limitations of the study.

Conclusion
Our study tested the agreement of three different standing 
8-electrode BIA devices for assessing body composition 
against reference methods in athletes. When assessing BFM, 
these instruments can deliver comparable measurements, and 
the degree of agreement ranged from excellent to moderate 
compared with the reference method. However, when asses
sing VFA, the agreements were weak. Therefore, the accuracy 
of standing 8-electrode BIA devices for assessing VFA still 

needs improvement before they can be applied to assess 
athletes.
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