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This study aimed to compare the magnetic resonance imaging (MRI) and computed tomography (CT) tech-
niques for the measurement of visceral adipose tissue (VAT). Twenty-five male subjects who underwent CT and
MRI imaging within 30 days were included in the study and reviewed by the Institutional Review Board. For
MRI, 3.0 Tesla Achieva TX (Philips Medical Systems) was used, and for CT imaging, a 64 channel detector
(Lightspeed VCT, Discovery HD 750) was used. VAT was measured at the umbilical level. Cut-off values of
Hounsfield units in the range of -50 to -250 were assigned for adipose tissues in the CT images, and the cross-
sectional distance ratios were used with MRI scanning. The mean difference in total adipose tissue (TAT)
between CT (mean: 21711.7 + 5232 mm®) and MRI (mean 21445.5 + 4882 mm®) was 266 mm>, Also, the mean
difference in VAT between CT (mean 10133.8 + 2304 mm®) and MRI (mean 10143 + 2107 mm®) was 9.6 mm’.
The two images were highly correlated with TAT: R? 0.90 (p < .01) and VAT: R? 0.90 (p < .01). The VAT mea-
sured using MRI showed high similarity with the CT image, good reproducibility of soft tissue image, and

excellent quantitative value of abdominal obesity.
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1. Introduction

According to the National Health and Nutrition Survey,
obesity is increasing in Korea, and diabetes, hypertension,
myocardial infarction, as well as many other diseases
leading to cancer, are increasing proportionately [1].
Obesity is influenced by daily activities such as diet and
exercise. It triggers various adult diseases, and depends
on the amount of visceral adipose tissue (VAT) accumu-
lated by hormones like insulin growth factor (IGF) or
leptin [2]. The body mass index (BMI), which is com-
monly used as a measure of obesity, has limitations in
assessing the risk of obesity as it has different baseline
values depending on race, sex, and age [3, 4].

VAT is a barometer of obesity risk assessment [3, 4].
Although obesity is known to be the most likely cause of
metabolic syndrome and cardiovascular diseases, the
criteria for determining obesity by measuring the amount
of VAT has not yet been clearly defined. Magnetic re-
sonance imaging (MRI), computed tomography (CT) and
Dual-X-ray Absorptiometry (DXA) are used for measur-

©The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-31-870-3411
Fax: +82-31-870-3419, e-mail: dckweon@shinhan.ac.kr

ing VAT [4, 5]. The most commonly used method in
clinical practice is a quantitative measurement of Houns-
field units (HU) on abdominal CT [4-6]. CT uses X-rays
and is, thus, dependent on the density of the object to be
scanned. However, MRI can accurately express fat and
muscle tissue without distorting the three sections (sagittal,
coronal, and cross-sectional) [5, 7].

VAT measurement using MRI is comparable to the
method based on the fat density [8, 9]. In addition to the
software-based fat measurement method, the method
using the front-to-back distance on the MRI cross-sectional
image, proposed by Qu in 2013, can be said to be based
on excellent soft-tissue resolution of MRI [10]. To obtain
accurate fat and muscle mass distribution in the human
body, CT and MRI cross-sectional images are superior to
measurements using other ultrasonic or bioelectric im-
pedance devices [11, 12]. CT images of the abdomen are
comparable to MRI, and there is no reason to worry about
the side effects of radiation with MRI [10, 11].

The purpose of this study was to compare the VAT
using cross- sectional images of subjects who underwent
CT and MRI and is not using software in case of MRI.
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2. Populations and Methods

2.1. Study Design and Subjects

This study was performed on 25 males who visited a
general hospital in the Seoul metropolitan area, between
January 2, 2017 and May 31, 2018, and underwent ab-
dominal CT and MRI scan within one month. The mean
age of the subjects was 62.5 + 7.2 years. All CT and MRI
protocols were performed in the same manner. Subject
recruitment and research was conducted after obtaining
approval for the study from the Institutional Review
Board (NCC2014-0124).

For MRI, the 3.0 Tesla Achieva TX (Philips Medical
Systems, Best, The Netherlands) and a 16-element phased-
array surface coil (SENSEXL Torso coil, Philips Health-
care) were used. MRI analysis was performed at the same
site as in the CT image (Fig. 1). The parameters used in
the MRI scan were TR/TE =3,500/73 ms. Fat removal
was not performed.

To quantify the subject’s adipose tissue, all CT and
MRI data were transferred to a commercially available
workstation computer (Advantage Windows Workstation,
version 4.5, GE Healthcare) and then image analysis was
obtained the total adipose tissue volume (TAT) from dia-
meter from anterior to posterior and subcutaneous adipose
tissue (SAT) from sum of each diameter of anterior and
posterior . Thus the percentage of VAT is measured as the
ratio of subcutaneous fat to visceral fat in the antero-
posterior direction. In other words, the VAT was cal-
culated using the following formula as proposed by Qu in
2013 [10]:

VAT% = [(AP-SAT)/AP] x 100

A: anterior diameter of subcutaneous

P: posterior diameter of subcutaneous

SAT: A+ P

AP: anterior-posterior diameter to total transverse
length

The detailed measurement is shown in Fig. 1

The CT scanner used was a 64 channel detector (Light-
speed VCT, Discovery HD 750; GE Healthcare System,
Milwaukee, WI, USA). The parameters used in CT images
were 120 kVp, auto exposure control mA (mA range:
100-350), and pitch 1: 1. All CT image analysis was
performed the TAT and VAT with CT numbers using HU
(=50 ~=250), which corresponding to CT histogram of
adipose tissue at umbilicus level. We measured TAT and
VAT not including the SAT using the formula SAT = TAT
— VAT, and the abdominal obesity rate was calculated
using the following formula:
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Fig. 1. Measuring distribution of abdominal fat by axial local-
ization. A, P and AP were measured in three images at the
umbilical level. A: anterior abdominal fat; AP: antero-poste-
rior diameter; P: posterior abdominal fat.

Abdominal obesity rate (%) = (VAT / TAT) x 100.

The detailed measurement of fat is shown in Fig. 2.

We measured body composition with all modality (CT
and MRI) at the same level of umbilicus or the fourth
lumbar vertebra, which is a valid method to measure
abdominal fat in human [10].

2.2. Statistical Analysis

In order to reduce the error in the measurement of VAT,
all the measurements were repeated three times and the
mean value was calculated. For comparison of VAT using
CT and MRI, SPSS, version 20 (SPSS Inc., Chicago, IL,
USA) and Microsoft Excel (Microsoft, Redmond, WA,
USA) were used. Bland-Altman analysis was used for the
evaluation of VAT, and regression analysis and correlation
analysis were used for evaluating the degree of corre-
lation. P-value less than 0.05 was considered to indicate
statistical significance.

3. Results

The mean TAT / VAT measured on the CT images was
21711.7 + 5232/ 10133.8 + 2304 mm® and the mean TAT
/ VAT measured on the MRI images was 21445.5 + 4882/
10143 + 2107 mm?>. Table 1 compares the distribution of
the characteristics of abdominal obesity measured by CT
and MRI.

A positive correlation was observed between the results
of TAT [Y = 0.895x + 2013.2 (R*> 0.91, p < 0.01)] and
VAT [Y = 0.871x + 1311.9 (R? 0.90, p < 0.01)] (Fig. 3).
The difference between TAT and VAT was not significant
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Fig. 2. (Color online) Histogram and measureents of abdominal fat from a CT image at umbilical level. Visceral adipose tissue
(shaded) within abdomen (a). Histogram of CT numbers obtained from a CT image (b).

Table 1. Difference in values between MRI and CT.

. Maximum with Maximum with
Mean difference . i
3 negative positive
(mm”) . 3 . .
difference (mm") difference (mm”)
TAT 266 -360 893
VAT -9.6 -306 287

(Fig. 3). The one-sample t-test results for the difference
between the two methods were 266.4 and 1517.9 (p =
0.42) for TAT and -9.6 and 719.8 (p = 0.42) for VAT.

Both methods showed statistical similarity in terms of
TAT and VAT; however, higher similarity was observed in
terms of VAT than TAT.

The distribution of the mean difference between TAT
and VAT when two images (CT vs. MRI) were used is
depicted in Fig. 4. It shows that the difference between
the two methods converges to the average.

4. Discussion

When the average of TAT and VAT measurements
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Fig. 3. Adipose tissue areas obtained with MRI compared to
those obtained with CT, expressed as percentage of total adi-
pose tissue (y = 0.895x + 2013.2; R = 0.9199) (a) visceral
adipose tissue y = 0.8715x + 1311.9; R? = 0.9078) (b).

determined using CT and MRI were compared, 98.7 % of
TAT and 99.2 % of VAT were similar. There are many
methods for measuring abdominal fat, however, CT and
MRI images have a great advantage due to sectional
imaging. In other words, the distribution of muscle mass,
visceral fat, and subcutaneous fat in the cross-sectional
image of the region of interest can be known accurately.
The correlation between VAT and SAT values using CT,
MRI was statistically significant. In general, research has
shown that waist circumference increases with aging and
the amount of visceral fat also increases proportionally
[13].

A number of reports state that waist circumference
measurements are a convenient way to measure VAT, and
waist circumference measurements are similar to ab-
dominal obesity when determined by CT or MRI [13].
However, measurements of waist circumference have
different VAT and SAT depending on race, sex, and age.
[14]. In order to know the exact VAT and SAT, it is
necessary to measure the exact VAT in which the actual
obesity hormone is integrated by obtaining a cross-
sectional image of the abdominal region (umbilical region
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Fig. 4. (Color online) Bland—Altman plots: difference in MRI
and CT measured total adipose tissue (TAT) and visceral adi-
pose tissue (VAT).

+ 5 cm), such as CT or MRI. In the present study, the
TAT and VAT volume comparison using images of CT
and MRI were statistically significant (Table 1). The
difference between the TAT values measured from CT
and MRI was 266 mm’, with a maximum difference of
893 mm°. In the case of VAT, the mean difference was 9.6
mm’, with a maximum difference of 306 mm?’. The
similarity of VAT and TAT using CT images and MRI
images were statistically significant.

Most of the current clinical trials, such as those for
pulmonary and osteosarcoma, use MRI imaging rather
than CT in early diagnosis of cancer. This is because MRI
has better tissue resolution than CT. Similarly, MRI can
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be used instead of CT to analyze obesity. MRI-based
methods for measuring VAT include pixel brightness and
global histogram-derived methods, which convert gray
scale pixels into binary images using the Image J pro-
gram's auto threshold plugin (black: fat; white: muscle to
blood vessel).There is a series of editing work that divides
and cuts VAT and SAT using 3D program.

Previous studies have shown that VAT measured on
MRI was lower than that on CT. This is interpreted as a
partial volume effect in which SAT is brighter than VAT
on the boundary where SAT and VAT are mixed. In this
study, the VAT size on MRI images was smaller than SAT
compared with CT images.

In this study, the same patient underwent CT and MRI
imaging within one month. However, there may be differ-
ences in the amount of VAT in the subject at different
time points. In addition, although the nerves of the MRI
and CT images were measured, there may be differences
in the measurement positions, and the selection of the
start and end points for MRI may be different. However,
since the VAT measurement of CT and MRI images were
performed by one person, the inter-observer error was
eliminated.

In this paper, the method used to calculate body com-
position is the distance measurement from anterior to
posterior of MR image introduced by Qu in 2013, not
using expensive programs. Therefore, it is meaningful for
anyone to measure VAT and SAT in MR image easily and
compare it with the value measured in CT image which is
evaluated as gold standard.

VAT contains tumor necrosis factor-o, interleukin-6,
adiponectin, resistin, leptin, and adipsin, which are directly
associated with C-reactive protein and cause a variety of
chronic diseases such as diabetes, hypertension, and vascular
diseases. It is, there, said to act as a reservoir [16, 17]. It
is concluded that MRI is more suitable than CT for ab-
dominal obesity analysis because X-ray image represent-
ation is effective at higher densities.

5. Conclusion

The similarity between VAT and TAT measurements
using CT and MRI images was very high and additional
information can be provided by image analysis when
conventional CT or MRI examinations are performed.
The choice of CT and MRI images to measure abdominal
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visceral obesity can be made through the selection of
appropriate imaging equipment, taking into consideration
the economical and radiation safety of the subject.
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