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Objective: CT is considered the gold standard imaging modality for measurement of
visceral adipose tissue area. However, as CT imaging exposes subjects to ionising
radiation, a comparable imaging technique without this exposure is desirable, such as
MRI. Therefore, we compared the agreement of measures of visceral adipose tissue and
subcutaneous adipose tissue area from single-slice images obtained at the umbilicus
using a 3 T MRI scanner with single-slice images obtained via CT scan.
Methods: 64 images were obtained from 27 subjects who underwent MRI and CT
scanning on the same day, after 10–12 hours of fasting. Visceral and subcutaneous
adipose tissue depots were manually separated and quantified using a multimodality
image-processing software program.
Results: We found good agreement between CT and MRI for the measurement of
both visceral adipose tissue and subcutaneous adipose tissue. Bland–Altman difference
analysis demonstrated a mean bias of 22.9% (as a portion of total abdominal area) for
visceral adipose tissue and +0.4% for subcutaneous adipose tissue, as measured by MRI
compared with CT.
Conclusion: MRI is a safe, accurate and precise imaging modality for measuring both
visceral and subcutaneous adipose tissue, making it a favourable alternative to CT for
quantification of these adipose depots.
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The prevalence of overweight and obese individuals is
growing globally, accompanied by deterioration in the health
of affected patients [1]. An increasing number of investiga-
tions have focused on the quantification of visceral fat, with a
mounting body of evidence suggesting a deleterious effect of
increased visceral fat compared with subcutaneous or
peripheral fat. Visceral adiposity has been linked to Type 2
diabetes, and cardiovascular disease risk factors such as
insulin resistance and dyslipidaemia [2, 3]. It has been
suggested that direct exposure of hepatocytes to high
concentrations of free fatty acids and/or other metabolites
derived from visceral adipose tissue may account for the
high frequency of metabolic complications associated with
central obesity [4–6]. Measurement of visceral fat has even
been suggested as a method of classifying obesity as morbid
vs non-morbid, and some organisations have already
delineated criteria dictating what is considered a significant
quantity of visceral fat as measured by imaging studies [7].
While CT scanning has historically been used for this
purpose because of its fast acquisition rate, which avoids
potentially confounding effects of bowel movement on
region of interest measures, it results in exposure to ionising
radiation. MRI, on the other hand, does not involve radiation

exposure and has advantages of allowing frequent imaging
and use in at-risk populations such as pregnant females.

Previous studies have investigated the accuracy and
reliability of MRI as a technique for measurement of
visceral adipose tissue [4, 8–17]. However, most studies
have used 0.3–1.5 T MRI, and there is large variation in
terms what the measured adipose tissue area/volume or
calculated fat mass has been compared with. Some have
made direct comparison with dissected cadaveric adipose
tissue [8], while others have compared the utility of MRI to
CT in both rats [17] and humans [9–12, 14, 16]. However,
because of variation in scanning parameters in investiga-
tions comparing MRI to CT, such as the specific location of
single-slice images, the use of multiple slices vs single
slices for analysis and employing standard MR image
acquisition vs water-suppressed T1 weighted images, there
is not a consensus as to whether MRI is an appropriate
alternative to CT for the purpose of measuring visceral
adipose tissue area/volume. Thus, in this study we
investigate the utility of MRI for this purpose, by
comparing data obtained from a 3 T MRI scanner using
an imaging protocol optimised to obtain images within a
breath-hold, vs that obtained from a 16-slice CT scanner.

Methods and materials

Subjects

Images were obtained from 27 subjects enrolled in a
longitudinal study of females with polycystic ovarian
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syndrome. The mean age of the subjects was 28 years
(range 18–43 years) and the mean body mass index was
37.3 kg m22 (range 24.0–49.6 kg m22). This study was
approved by the Oregon Health and Science University
institutional review board and signed informed consent
was obtained from all volunteers.

Participants were asked to fast for 10–12 h prior to
each morning of imaging studies; CT and MRI were
performed within the same morning unless scheduling
conflicts made this unfeasible. A total of 64 pairs of
images were analysed. Each volunteer underwent one to
three CT/MRI paired studies; in those participants who
underwent multiple visits, each CT/MRI scan pair was
performed at separate time points, which were pre-
determined by the structure of the longitudinal study.
For subjects who exceeded the field of view (FOV) on
one side, a hemiscan analysis was performed on the
side with the complete image, and the measurements
doubled. In the case of all subjects who exceeded the
FOV, only the subcutaneous adipose tissue (SAT) lay
outside the FOV; complete visceral adipose tissue (VAT)
area was analysed and only the SAT was obtained by
duplicating the complete half of the image.

CT

All CT images were obtained using a Philips
BrillianceH 16P (Philips Healthcare, Best, Netherlands).
We acquired a single 9-mm slice at the level of the
umbilicus. The conditions were 120 kVp, 250 mAs, scan
duration5750 ms, FOV55006500. Identical radiation
doses were used for all subjects as per standard protocol.

MRI

All MRI images were obtained at the Advanced
Imaging Research Center at Oregon Health and Science
University. MRI images were acquired using a Siemens
MAGNETOM Tim TrioH (Siemens Medical Solutions,
Malvern Pennsylvania and Erlangen, Germany) 3 T
whole-body system. Subjects were positioned supine
inside the bore of the magnet. We acquired 23 axial
slices, 5 mm thick, with a 1-mm gap centred over the
umbilicus during breath-hold using a Dixon technique.
The imaging parameters were repetition time (TR)
5193 ms; echo time (TE)51.55 ms; flip angle590u;
FOV53856440; matrix51796256; scan duration520 s.
A single slice at the level on the umbilicus was used for
analysis and calculation of the visceral fat and sub-
cutaneous fat areas.

Image processing

Analyze v. 7.0 (AnalyzeDirect, Inc., Overland Park,
KS), was used for processing, segmentation and mea-
surement of compartments for both CT and MR images.
A blinded analyst manually traced the abdominal wall
muscle layer, thus delineating SAT from VAT. This
program also allowed us to exclude intracolonic contents
from the image, in order to prevent non-adipose tissue
components from being counted as adipose tissue.

Hounsfield unit cut-off values of 2190 to 230 were
assigned for adipose tissue in the CT images. Post-
processing required approximately 20 min per image.

Statistical methods

Adipose tissue areas for each compartment were
normalised to total measured abdominal area and
expressed as percentage of total abdominal area. Linear
correlations were calculated from linear regression
analysis by least square fitting and reported as correla-
tion coefficients. A p-value ,0.05 was considered
statistically significant. Mean differences between MRI
and CT were determined by Bland–Altman [18], and the
limits of agreement calculated using the mean and
standard deviation (SD) of the differences between the
two methods for the same adipose tissue compartment.

Results

Representative MR and CT images used for quantifica-
tion of abdominal fat depots are shown in Figure 1.
Comparison of MRI and CT data (Figure 2) showed
strong correlation between the two imaging modalities for
measurement of visceral adipose tissue (VAT; r50.89,
p,0.0001), subcutaneous adipose tissue (SAT; r50.92,
p,0.0001) and total abdominal adipose tissue (TAT;
r50.95, p,0.0001). The average difference between the
two methods is also an estimate of agreement, and was
found to be very small (Figure 3), with a difference of
22.9¡1.9% for VAT (95% confidence interval 23.4% to
2.4%; limits of agreement 26.5% to 0.7%), 0.4¡2.6% for
SAT (95% confidence interval 20.2% to 1.1%; limits
of agreement 24.6% to 5.5%) and 22.5¡2.5% for
TAT (95% confidence interval 23.1% to 21.8%; limits of
agreement 27.4% to 2.5%). MRI yielded slightly lower

Figure 1. Representative (a, b) MR and (c, d) CT abdominal
images used for quantification of abdominal fat depots.
Colours for depots are: green, subcutaneous fat; yellow,
visceral abdominal fat; black/red, intestine; blue, abdominal
musculature and bone.
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measurements than CT for visceral adipose tissue, and
thus slightly lower measurement of total adipose tissue.
More than 92% of individual comparisons fell within the
limits of agreement.

Discussion

A number of previous studies have assessed the
accuracy and reliability of low-field-strength MRI
(0.3–1.5 T) to quantify visceral adipose tissue. Gomi
et al [9] compared 0.3 T open MRI with single-slice CT

Figure 2. Adipose tissue areas obtained with MRI compared
with those obtained with CT, expressed as percentage of total
abdominal area for (a) visceral adipose tissue (y50.9104x21.7235;
r50.89, p,0.0001), (b) subcutaneous adipose tissue
(y50.8501x+9.0012; r50.92, p,0.0001) and (c) total abdominal
adipose tissue (y50.8651x+7.0115; r50.95, p,0.0001).

Figure 3. Bland–Altman plots: difference in MRI and CT
measured adipose tissue at the level of the umbilicus for (a)
visceral adipose tissue (VAT), (b) subcutaneous adipose tissue
(SAT) and (c) total abdominal adipose tissue (TAT), expressed
as percentage of total abdominal area. The outer dotted
lines delineate the limits of agreement between the two
methods.
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to measure the ratio of visceral fat area to subcutaneous
fat area at the level of the umbilicus in 11 healthy
volunteers, and found no significant differences between
CT and MRI measurements of VAT and SAT fat areas, as
well as a positive correlation between MRI and CT for
these measurements. Ross et al [17] found no significant
differences in visceral adipose tissue volume per slice
when comparing 1.5 T MRI and CT in rats, but did not
report results in humans. Kullberg et al [10] found
that despite slight underestimation of measurement of
visceral adipose tissue by MRI compared with CT,
overall correlations between CT, MRI and dual-energy
X-ray absorptiometry were good for whole-body adipose
tissue measurement. On the other hand, several studies
have questioned the reliability of adipose tissue depot
quantification by MRI vs CT. Tanaka et al [12] reported
that measurements obtained using a 1.5 T magnet
underestimated the area and volume of visceral adipose
tissue measured by CT, though this was only on one
subject. Seidell et al [11] found that while images
obtained from 1.5 T MRI yielded comparable measure-
ments of total, visceral and subcutaneous adipose tissue,
making the ranking of individuals on the basis of fat areas
similar by both MRI and CT, in this study the two
imaging modalities yielded different absolute values of
fat areas, particularly visceral fat, which MRI tended
to underestimate with considerable variability between
subjects. The investigators suggest that the underestima-
tion of VAT by MRI in their study may be explained by
the greater number of pixels in VAT than in SAT, which
is affected by partial-volume effects (i.e. due to VAT
bordering both muscle tissue and irregular intestinal
tissue). This study, again, was limited by small sample
size (only seven subjects).

Many imaging centres are now using more powerful
magnets, such as 3 T, in both clinical practice and research
settings. Moving from lower to higher field strength
imaging, however, may actually degrade image quality
because of inhomogeneity effects and susceptibility
artefacts [19]. Also, while the reproducibility of measuring
abdominal fat depots with a 3 T magnet was estimated by
Li et al [15], who found an average coefficient of variation
of the ratio of visceral to total adipose tissue of 5.2%, the
study included only four healthy volunteers and did not
compare MRI with CT scan results.

To address the limitations in the existing literature, we
used 3.0 T MRI to measure visceral, subcutaneous and
total adipose tissue areas, and compared the measure-
ments with those obtained via CT. We found that
visceral and subcutaneous fat measurements using the
higher-strength magnet were highly comparable to CT,
but did note a slight negative bias in percentage of VAT
as measured by MRI. This may be due to partial-volume
effects with MRI, particularly at the interfaces between
fat and muscle or intestinal wall, as suggested by Seidell
et al [11]. In addition, it has been suggested that
intracolonic contents may be inappropriately measured
and counted as fat [12, 20]. Potretzke et al [20] used an
imaging software program similar to that employed in
this study, and reported the importance of utilising this
tool to exclude the intracolonic contents, which erro-
neously get included when using simple Hounsfield unit
cut-off values to threshold for adipose tissue in CT scans.
These investigators found that without the ‘‘erase’’

function available with the imaging software program,
CT images would lead to an overestimation of the
visceral adipose tissue by an average of 19%. As we used
this function in both our CT and MR images, this
potential analysis error does not account for the slight
underestimation of VAT by MRI. Nonetheless, the
absolute difference in comparison with CT was very
small and we conclude that measurements of visceral,
subcutaneous and total abdominal fat areas using 3 T
MRI are therefore accurate. In addition, Borkan et al [21]
have shown that a single-slice technique through the
umbilicus is highly comparable to volume measurements
of abdominal adipose tissue. Therefore, the technique
described here is easily translatable to what would be
obtained upon measurement of volume, and it is
advantageous, as it limits acquisition time.

There are several potential limitations to our study.
First, we did not perform an analysis of the reproduci-
bility for either the CT or MRI for measurements of
visceral adipose tissue. Second, we used a set range of
Hounsfield units to define adipose tissue in our CT
images. Potretzke et al [20] suggested that it may be
necessary to adjust ranges of HU for every individual, or
use a semi-calibrated technique for identifying appro-
priate HU cut-offs. However, we sought to define a
standardised image analysis protocol for a large number
of scans involved in our studies, and individually
thresholding the CT scan images would have been
time-prohibitive for our technicians.

Conclusion

In summary, using an MRI acquisition protocol that
markedly reduced the acquisition time for each image to
allow image capture within a breath-hold, we found that
MRI is a safe, accurate and precise imaging modality for
measuring both visceral and subcutaneous adipose
tissue. Compared with CT scanning, MRI is a favourable,
non-radiation-exposing alternative for measuring abdo-
minal fat content in clinical research.
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