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Study Importance

What is already known?

► Visceral adipose tissue, which is relevant 
for several pathologies, is commonly  
assessed by magnetic resonance imaging 
(MRI) using different scanning protocols. 
Biolelectrical impedence analysis (BIA) 
is often used as a cost-effective and 
widely available alternative to MRI when 
quantifying total adipose tissue.

What does this study add?

► This study compares BIA with Dixon fat 
fraction map results and volumetric fat 
measurements with direct fat fraction 
results.

Objective: This study aimed to compare a state-of-the-art bioelectrical 
impedance analysis (BIA) device with two-point Dixon magnetic resonance 
imaging (MRI) for the quantification of visceral adipose tissue (VAT) as a 
health-related risk factor.
Methods: A total of 63 male participants were measured using a 3-T MRI 
scanner and a segmental, multifrequency BIA device. MRI generated fat 
fraction (FF) maps, in which VAT volume, total abdominal adipose tis-
sue volume, and FF of visceral and total abdominal compartments were 
quantified. BIA estimated body fat mass and VAT area.
Results: Coefficients of determination between abdominal (r2 = 0.75) and 
visceral compartments (r2 = 0.78) were similar for both groups, but slopes 
differed by a factor of two. The ratio of visceral to total abdominal FF was 
increased in older men compared with younger men. This difference was 
not detected with BIA. MRI and BIA measurements of the total abdomi-
nal volume correlated moderately (r2 = 0.31-0.56), and visceral measure-
ments correlated poorly (r2 = 0.13-0.44).
Conclusions: Visceral BIA measurements agreed better with MRI 
measurements of the total abdomen than of the visceral compartment,  
indicating that BIA visceral fat area assessment cannot differentiate adi-
pose tissue between visceral and abdominal compartments in young and 
older participants.

Obesity (2020) 28, 277-283. 

Introduction
Obesity and sarcopenia are severe consequences of the sedentary life-
style in industrialized nations. Both conditions are associated with in-
creased morbidity, mortality, and socioeconomic costs (1-7). Initially, 
adipose tissue was regarded as inert tissue, only of importance to store 
excess energy of the body. However, newer research has shown that adi-
pose tissue is also a source of hormones and proinflammatory cytokines 
(2) and that it  affects the cardiovascular, musculoskeletal, metabolic, 
and central nervous systems (4). The two major types of adipose tissue 
are subcutaneous adipose tissue (SAT), located underneath the skin, 
and visceral adipose tissue (VAT), located inside the abdominopelvic 

cavity among the visceral organs (8). SAT and VAT are both associated 
with classic obesity-related pathologies, such as the metabolic syn-
drome (9-11), but effects of SAT and VAT on health-related risk factors 
differ (12). Therefore, it is important to assess SAT and VAT separately.

Three-dimensional imaging methods, such as magnetic resonance 
imaging (MRI) and computed tomography, provide a map of the spa-
tial distribution of SAT and VAT (13) in the human body. In addition, the 
water-fat composition can be estimated by the computed tomography 
density or by quantitative MRI such as Dixon sequences (14,15). Using 
modified gradient  echo or spin  echo pulse sequences, Dixon tech-
niques exploit differences in resonance frequencies (chemical shift)  
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to decompose fat and water components of the proton signal into 
two separate image maps (16). The resulting water-only and fat-only 
images can be combined to parametric fat fraction (FF) or water frac-
tion maps (17,18). The gray values of the FF map directly code the 
amount of fat as a percentage. A gray value of 1,000 corresponds to a 
FF of 100%, and a gray value of 100 corresponds to a FF of 10%. FF 
cannot be measured in standard clinical T1-weighted images.

If the determination of the spatial distribution of FF across the body 
is less relevant, bioelectrical impedance analysis (BIA) is a fast and 
cost-effective method to estimate fat-free tissue and fat mass from 
impedance measurements within a given part of the body. Because 
of technological advances in the past decade, extracellular and intra-
cellular water can be estimated by using multifrequency BIA, and 
separate arm, leg, and trunk measurements can be obtained with seg-
mental BIA (19).

The purpose of this cross-sectional study is to compare VAT as deter-
mined with segmental, multifrequency BIA with the measurements of 
VAT volume and direct FF values from two-point Dixon MRI, which is 
used as the gold standard.

Methods
Subject population
Two groups (group 1 [G1] and group 2 [G2]) with a total of 63 par-
ticipants were recruited for the study (Table 1). G1 consisted of 25 
young healthy participants (mean age 28 (SD 4) years; range: 21-36 
years). G2 consisted of 38 older participants (mean age  76 (SD  5) 
years; range: 70-86 years), a subset of participants of the epidemio-
logical sarcopenic obesity study (20). The study complied with the 
Declaration of Helsinki’s “Ethical Principles for Medical Research 

Involving Human Subjects” and it was approved by the local univer-
sity ethics committee of Friedrich-Alexander University Erlangen-
Nürnberg (application No. 67_15b and 187_16B). After detailed 
information, all study participants gave their written informed con-
sent. Consent for publication was given from all participants, and 
data were anonymized.

TABLE 1 Patient characteristics and BIA and MRI results for 
G1 (young healthy participants) and G2 (elderly participants) 
(mean ± SD) and P values of group differences (two-sample  
t test)

G1 G2 P

Age, y 28 ± 4 76 ± 5 < 0.01
Weight, kg 76.5 ± 11.7 74.5 ± 7.8 0.45
Height, cm 181 ± 10 170 ± 5 < 0.01
BMI, kg/cm2 23.1 ± 1.9 26.2 ± 2.4 < 0.01
BIA VFA, cm2 38.6 ± 18 107.3 ± 29 < 0.01
MRI VVAT, cm3 283.4 ± 44.3 437.4 ± 89.0 < 0.01
MRI FFVS, % 27.64 ± 8.03 59.78 ± 9.31 < 0.01
BIA BFM, kg 4.80 ± 2.22 11.85 ± 2.78 < 0.01
BIA BFP, % 12.8 ± 5.5 30.1 ± 4.5 < 0.01
MRI VTAT, cm3 610.5 ± 221.7 1,702.0 ± 352.4 < 0.01
MRI FFTA, % 31.3 ± 8.6 58.9 ± 5.6 < 0.01

Weight, BMI, BFP, and VFA measured by segmental, multifrequency BIA. Fat fraction 
and volume of adipose tissue were measured by two-point Dixon MRI.
BFM, body fat mass; BFP, body fat percentage; BIA, bioelectrical impedance analysis; 
FFTA, fat fraction of total abdominal volume of interest; FFVS, fat fraction of visceral 
volume of interest; G1, group 1; G2, group 2; MRI, magnetic resonance imaging; VTAT, 
volume of total adipose tissue; VVAT, volume of visceral adipose tissue; VFA, visceral 
fat area.

Figure 1 Dixon MRI fat image of the abdomen (top). Segmentation results in the fat 
fraction map (middle): total abdominal (TA) volume of interest (VOI) is shown by the 
green contour; visceral (VS) VOI is shown by the magenta contour; the Otsu threshold 
separates VS adipose tissue (yellow overlay) from inner organs (dark red overlay). 
Histogram of the voxel values of the VS VOI (bottom): the red line marks the Otsu 
threshold, separating the two distinct peaks of high-fat and low-fat content. [Color 
figure can be viewed at wileyonlinelibrary.com]
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MRI data acquisition and examination
All participants were scanned on a 3-T magnetic resonance system 
(MAGNETOM Skyrafit; Siemens Healthcare GmbH, Erlangen, Germany).

Participants were imaged in a supine position with feet first toward 
the magnetic resonance system. A flexible 18-channel body radio- 
frequency surface coil wrapped around the abdominal area was used 
for signal reception and was activated together with a 32-channel radio- 
frequency spine array coil.

For fat imaging, a two-point Dixon gradient echo volumetric interpolated 
breath-hold examination technique was applied in breath-hold mode 
(axial plane matrix size: 320 × 240; resolution: 1.2 × 1.2 mm2; repetition 
time (TR)  = 3.97 milliseconds; echo time  (TE) 1 = 1.29 milliseconds; 
TE 2 = 2.52 milliseconds; number of sections: 12; section thickness: 
3.5 mm; distance factor: 20%; section gap: 0.7 mm; acquisition time =  
0:15 minutes). From the Dixon fat-only (IF) and water-only (IW) images, 
the FF images (IFF) were calculated according to the following equation:

I
FF

=
IF

IW+IF

×1000.

The acquisition was centered on the disk between lumbar vertebrae L2 
and L3. The total scan length of 5 cm approximately covered the region 
from mid-L2 to mid-L3.

Image processing started with the segmentation of the stack of fat 
images. The first section was omitted because of poor automatic bias 
correction. First, a fuzzy C-means clustering algorithm that separated 
voxels in the air from those inside the body was applied to the whole 
stack to determine the body surface and a total abdominal (TA) vol-
ume of interest (VOI). Then an operator previously trained by an expert 
radiologist manually segmented the visceral (VS) VOI section by sec-
tion because, in our case, automatic methods (21,22) were not available. 
The abdominal and paraspinal muscles guided this segmentation. The 
VS VOI included internal organs but excluded the vertebral body and 
abdominal and paraspinal muscles (Figure 1).

An intensity threshold determined in the FF images by Otsu’s (23) 
method was applied to all voxels of the VS VOI (Figure 1) to separate 

VAT from the internal organs. The same threshold was also used to 
separate adipose and nonadipose tissue compartments of the TA VOI. 
In analogy to VAT, the adipose tissue of the TA VOI will be abbrevi-
ated as total adipose tissue (TAT). The following measurements were 
made: First the volumes of VAT (VVAT) and TAT (VTAT), in centimeters 
cubed, were obtained as the number of voxels contained in VS and TA 
VOI, respectively, multiplied by the voxel volume. Second, the FF of 
VS VOI (FFVS) and TA VOI (FFTA) was measured as averages of the 
FF of all voxels of VS and TA VOI, respectively. Thus, the FF results 
contained contributions of the nonadipose tissue compartments of VS 
and TA VOI, respectively.

BIA measurements
Body height was determined by using calibrated devices. Body 
weight, overall body fat percentage (BFP), body fat mass (BFM) 
of the trunk in kilograms, and visceral fat area (VFA) in centime-
ters squared were estimated with segmental, multifrequency BIA 
(InBody770; InBody, Seoul, South Korea). Detailed information 
on how the parameters were derived was not provided by the manu-
facturer. The impedance of the trunk, arms, and legs was measured 
separately by using a tetrapolar eight-point tactile electrode system 
that applied six frequencies (1, 5, 50, 250, 500, and 1,000 kHz). To 
standardize the test procedure, participants were requested to refrain 
from severe physical activity 24 hours, and nutritional intake 3 hours, 
prior to the BIA assessment. MRI was performed immediately after 
the BIA investigation.

Statistical analysis
A simple linear regression analysis was used to predict MRI param-
eters from BIA measurements. Coefficients of determination (R2), 
slopes, intercepts, and standard error of the estimates (SEE) were 
determined. In addition, Pearson correlation coefficients (r) were  
determined. Different intramodality comparisons were performed 
for each age group. The comparisons included adipose tissue volume 
and FF measurements from MRI and VFA and BFM estimates from 
BIA (Table 2). All statistical analyses were conducted in R version 
3.3.2 (R Core Team, R Foundation for Statistical Computing, Vienna, 
Austria).

TABLE 2 Simple linear regression analyses for G1 (young healthy participants) and G2 (older participants)

Independent variable Dependent variable R2, G1/G2 r, G1/G2 SEE, G1/G2, % Slope, G1/G2 Intercept, G1/G2

BIA BFM BIA VFA 0.97/0.95 0.99/0.98 7.7/5.2 0.12/0.09 0.22/1.82
MRI VTAT MRI VVAT 0.69/0.65 0.87/0.89 20/12 1.93/0.95 141/808
MRI FFTA MRI FFVS 0.75/0.78 0.84/0.81 14/4.5 0.94/0.54 5.44/26.8
BIA BFM MRI VTAT 0.44/0.54 0.68/0.74 27/14 68.1/94.2 284/598
BIA BFM MRI FFTA 0.56/0.31 0.76/0.57 18/8.0 2.95/1.16 17.1/45.3
BIA VFA MRI VTAT 0.38/0.48 0.64/0.70 28/15 7.67/8.41 314/794
BIA VFA MRI FFTA 0.53/0.25 0.74/0.52 19/8.3 0.34/0.10 18.0/48.3
BIA VFA MRI VVAT 0.20/0.22 0.49/0.49 35/28 2.5/5.0 145/401
BIA VFA MRI FFVS 0.44/0.13 0.68/0.39 22/15 0.30/0.12 16.2/46.5

Intramodality comparisons for BIA (BFM vs. VFA) and for MRI (VVAT vs. VTAT and FFVS vs. FFTA). Intermodality comparisons shown in last six rows. Coefficient of determination (R2) 
and Pearson correlation coefficient (r) as well as SEE as percentage of mean error are given. Last columns give slope and intercept of regression line.
BFM, body fat mass; BIA, bioelectrical impedance analysis; FFTA, fat fraction of total abdominal volume of interest; FFVS, fat fraction of visceral volume of interest; G1, group 
1; G2, group 2; MRI, magnetic resonance imaging; SEE, standard error of estimates; VTAT, volume of total adipose tissue; VVAT, volume of visceral adipose tissue; VFA, visceral 
fat area.
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Results
Patient characteristics along with average MRI and BIA results are 
shown in Table 1. All 63 participants were examined successfully. 
Separate high-contrast and high-resolution fat and water images were 
obtained in all examinations (Figure 1). Fat-water swap artifacts were 
not observed. Table 2 shows intra- and intermodality linear regression 
results, which are graphically depicted in Figure 2 (intramodality com-
parisons) and Figures 3 and 4 (intermodality comparisons). Regressions 
were performed separately for G1 and G2, but results are shown for 
both groups in each graph.

For BIA, slopes and R2 values were almost identical for both groups 
(Table 2, Figure 2). In contrast, slopes and R2 values were smaller for 
all MRI comparisons. The slopes representing the rate of change with 
increasing VAT volume were significantly different between G1 and G2 
(P < 0.05) (Figure 2).

Coefficients of determination between VFA and MRI VS measurements 
were poor. R2 results were lower than 0.44 for both groups. SEE values 
were higher than those for corresponding regressions between VFA and 
MRI TA measurements (Table 2, Figure 3). In contrast, R2 values between 
BFM and MRI TA measurements were similar to those between VFA and 
MRI TA measurements (Table 2). R2 values between VFA and MRI VTAT 
were higher, and SEE values were lower compared with those between 
VFA and MRI VS measurements (Table 2, Figure 4).

Discussion
In the current cross-sectional study, MRI results showed that the ratio of 
FFVS to FFTA was increased in older men compared with younger men. As 
expected, in the older population, FF was increased in both compartments 
(TA and VS), with a proportional higher increase of FFVS. Interestingly, 
this differential effect could not be detected with the BIA technique,  
although in G2, an increase in FF of both compartments was also observed.

The large R2  values, in combination with small SEE of the linear 
regressions of the VS and abdominal BIA estimates and almost identi-
cal slopes, indicated that these two parameters were rather identical. In 
contrast, the variation of the MRI VS measurements could be explained 
only in part  by the variation of abdominal MRI measurements. SEE   
values for MRI were higher than those for BIA, and slopes differed by 
almost a factor of two. Moderate relationships between overall and VS 
fat levels were previously reported (24).

Apparently, the estimation of VFA with BIA is problematic. The regres-
sions between BIA and MRI confirm this finding. BFM and VFA mea-
sured by BIA predicted MRI measurements equally well. For example, 
R2 results between MRI FFTA and BIA BFM were very similar to those 
between MRI FFTA and BIA VFA. Moreover, the VS BIA estimates 
characterized the total VOI better than the VS VOI, although the oppo-
site would be expected. These findings apply to both groups, but R2 
values of MRI FF versus BIA regressions were much lower in G2 
compared with G1, whereas R2 values of MRI fat volumes versus BIA 
regressions were similar for both groups. Thus, the BIA estimate of VS 
fat should be treated with caution; it may not carry additional informa-
tion compared with the BIA BFM assessment of the TA compartment. 
The results of our study confirm similar findings after comparing BIA 
VFA assessments with fast-spin echo MRI scans (25).

In our analysis, we specifically did not exclude paraspinal and abdom-
inal muscles from the total volume. Thus, FFTA and VTAT included con-
tributions of intramuscular paraspinal and abdominal adipose tissue.

BIA and MRI variables were correlated; however, a comparison using 
Bland-Altman plots could not be performed because MRI FF was mea-
sured in percentages and fat volume in centimeters cubed and because 
BIA BFM was measured in kilograms and VS fat as the average area 
in centimeters squared. Moreover, MRI assessments were performed 
for the abdominal VOI, which was well defined by the section range 
selected for analysis. BIA signals were analyzed in the trunk, which 
covers more than the abdominal region. BIA BFM and MRI fat volume 

Figure 2  Intramodality comparisons between group 1 (red triangles: young healthy 
participants) and group 2 (blue dots: older participants). (A) Segmental, multifrequency 
bioelectrical impedance analysis (BIA): visceral fat area (VFA) in centimeters squared 
versus body fat mass (BFM) in kilograms of the trunk. (B) MRI volume: volume of 
total adipose tissue (VTAT) versus visceral adipose tissue (VVAT). (C) MRI fat fraction 
of total abdominal volume of interest (FFTA) versus of visceral volume of interest 
(FFVS). Solid lines indicate regression line with its 95% CI of the fit. Dashed lines show  
95% prediction intervals of the linear model. [Color figure can be viewed at 
wileyonlinelibrary.com]
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are related by the constant of physical density of fat, and indeed, cor-
relations were moderate.

Another limitation of our study was the different anatomical coverage 
of the BIA and MRI measurements. Although specific information on 
the BIA coverage was not available from the manufacturer, from com-
mon BIA theory, it can be assumed that most of the trunk was included 
in the analysis. The MRI protocol covered a total length of only 5 cm 
of the lumbar region. This is another limitation of the study because 
with modern MRI sequences, the complete VS VOI can be measured 
in about 5 minutes.

There are probably methods to measure VAT more accurately, such as 
dual abdominal BIA. Unfortunately, validation and estimation of higher 
levels of VAT are still problematic with this method (26). Theoretically 
the different anatomical coverage of our BIA and MRI measurements 
could have contributed to the differences between BIA and MRI adi-
posity measurements. However, differences were larger in the VS than 
in the TA compartment. Also, it has been shown that the VS subre-
gion used in this study was representative for the total VAT volume 

(27-29). Even VAT obtained from a single MRI section located at the 
center of L3 correlated highly with whole abdominal VAT volume (30) 
(r = 0.71-0.94; P < 0.05). However, for longitudinal assessments, move-
ment of the internal organs may have a large impact on the area of VAT 
assessed from a single section; thus, the acquisition of multiple sections 
is strongly advised (31).

The relatively large SEE of the linear regressions between MRI and 
BIA can be explained by several effects. One is the difference between 
abdominal and trunk regions assessed by the respective measure-
ments; another, the limited precision of segmental, multifrequency BIA  
(32-34). In addition, body water, the only parameter measured and 
not estimated by BIA, is affected by the electrolyte balance, which 
depends on nutrition intake or exercise and differs between individuals 
and during the day (21,22,35-38). Therefore, BIA as well as multifre-
quency BIA results might be influenced by confounding factors, and 
these results should not be generalized to other BIA devices (38-40). 
To minimize these effects, participants were requested to refrain from 
severe physical activity 24 hours, and nutritional intake 3 hours, prior 
to the BIA assessment in the present study.

Figure 3  Intermodality comparison of bioelectrical impedance analysis (BIA) visceral fat area (VFA) with MRI  fat 
fraction of the visceral volume of interest (FFVS) (left) and MRI visceral adipose tissue volume (VVAT) (right) between 
group 1 (red triangles: young healthy participants) and group 2 (blue dots: older participants). Solid lines represent 
regression line with its CI. Dashed lines represent prediction intervals for the linear model.

Figure 4  Intermodality comparison of bioelectrical impedance analysis (BIA) visceral fat area (VFA) with MRI  fat 
fraction of the total abdominal volume of interest (FFTA) (left) and MRI total abdominal adipose tissue volume (VTAT) 
(right) between group 1 (red triangles: young healthy participants) and group 2 (blue dots: older participants). Solid 
lines represent regression line with its CI. Dashed lines represent prediction intervals for the linear model. [Color 
figure can be viewed at wileyonlinelibrary.com]
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Most Dixon sequences were developed to quantify hepatic fat. Gold stan-
dard on Siemens scanners are multi-echo Dixon sequences; however in the 
thigh, and, in our experience, also in the abdomen, fat-water swap artifacts 
occur quite frequently, in particular in participants with low amounts of 
adipose tissue (41). Thus, we selected a simpler but more robust two-point 
Dixon sequence. In the thigh, the FF accuracy of this sequence was compa-
rable with sequences using three or six echoes (16). Multiple-point Dixon 
sequences allow for more sophisticated postprocessing that addresses 
and corrects potential error sources in fat quantification. However, even  
multiple-point Dixon sequences do not measure glycogen, protein, miner-
als, etc.; thus, FF as measured by MRI Dixon sequences deviates from the 
true percentage of fat measured by chemical methods (42).

Two-point Dixon MRI delivers cross-sectional maps of the fat and 
water distribution with high spatial resolution. Because of high con-
trast, the adipose tissue of the VS compartment can easily be segmented 
by using a global threshold. Based on the histogram of the image, 
Otsu’s (23) method automatically detects such a threshold. The histo-
gram of Dixon FF images of the abdomen showed a distinct bimodal 
distribution between fat and lean tissue; thus the Otsu-based segmen-
tation worked well. In contrast, T1-weighted images, as well as Dixon 
fat and water images, are affected by bias artifacts that, if uncorrected, 
spoil the bimodal distribution (Figure 1) (43,44). The bias artifacts are 
automatically eliminated in the FF images, a big advantage when using 
MRI Dixon sequences instead of T1-weighted MRI for determination 
of abdominal adipose tissue and, in particular, VAT. Although not the 
topic of this study, it should be noted that VAT is not pure fat. For the 
young men, the FF of the SAT VOI varied between 61% and 86%, and 
for the older men, the FF varied between 80% and 90%. The relevance 
of this observation for SAT area or volume measurements should be 
further investigated. This is another argument for preference of Dixon 
over T1-weighted measurements for the assessment of adipose tissue.

Conclusion
The FF of the TA and VS compartment was increased in older men 
compared with younger men. In the older patient cohort, there was a 
proportional higher increase of VS FF than in the younger group. VS 
BIA estimates agreed better with MRI measurements of the total ab-
domen than of the VS VOI, indicating that the BIA VS fat assessment 
cannot be used to differentiate adipose tissue differences between ab-
dominopelvic VS and abdominal compartments in young and older 
participants. MRI Dixon sequences are the preferred method to differ-
entiate abdominal and VS assessments of adipose tissue. In contrast to 
standard T1-weighted MRI, MRI Dixon sequences provide quantitative 
measurements from FF images that are not affected by bias artifacts. 
The exact calculation of body composition parameters by the BIA tech-
nique remains unknown, complicating the assessment of accuracy and 
the comparison across different body composition techniques. O
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