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The clinical importance of visceral adiposity: a critical review of
methods for visceral adipose tissue analysis
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ABSTRACT. As a result of the rising epidemic of obesity, understanding body fat
distribution and its clinical implications is critical to timely treatment. Visceral adipose
tissue is a hormonally active component of total body fat, which possesses unique
biochemical characteristics that influence several normal and pathological processes in the
human body. Abnormally high deposition of visceral adipose tissue is known as visceral
obesity. This body composition phenotype is associated with medical disorders such as
metabolic syndrome, cardiovascular disease and several malignancies including prostate,
breast and colorectal cancers. Quantitative assessment of visceral obesity is important for
evaluating the potential risk of development of these pathologies, as well as providing an
accurate prognosis. This review aims to compare different methods of measuring visceral
adiposity with emphasis on their advantages and drawbacks in clinical practice.

Adipose tissue is loose connective tissue composed
of adipocytes and originally derived from lipoblasts.
Historically, fat was considered to cushion and insulate
the body; however, more recently its critical role in the
human body as a form of energy storage and endocrinological signalling has been recognised. Various physiological, psychosocial and clinical factors influence the
amount and distribution of the adipose tissue throughout the human body. With the escalating incidence of
obesity, a better understanding of fat metabolism and
advanced techniques to quantify and characterise adiposity are necessary. The purpose of this review is to
discuss the clinical significance of abdominal obesity and
to critically evaluate different methods that can be used
to identify abdominally obese individuals. With the
abundance of modalities that can be used to determine
body composition, this review focuses on the most commonly used techniques. Understanding the expediency,
advantages and limitations of different body composition tools provides clinicians with a tool-set to characterise the problem of abdominal obesity in patients.

Clinical implications of obesity
Adipose tissue is anatomically distributed in different
proportions throughout the human body, and the pattern of distribution is dependent upon many factors
including sex, age, race, ethnicity, genotype, diet, physical
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activity, hormone levels and medication. The percentage
of adipose tissue is higher in women, the elderly and
overweight individuals [1–6].
Body fat tissue is traditionally distributed into two
main compartments with different metabolic characteristics: subcutaneous adipose tissue (SAT) and visceral
adipose tissue (VAT). While both of these tissue types are
important, particular attention has been directed to
visceral adiposity owing to its association with various
medical pathologies.
Although fat and adipose tissue are differentiated
by distinct biochemical and metabolic features, these
terms will be used interchangeably for the purpose
of this review. Abdominal obesity, which is characterised as increased adipose tissue surrounding the intraabdominal organs, is also referred to as visceral or
central obesity. It has been distinctly linked to several
pathological conditions including impaired glucose and
lipid metabolism, insulin resistance [7, 8], increased
predisposition to cancers of the colon [9], breast [10] and
prostate [11], and it is associated with prolonged hospital
stays, increased incidence of infections and non-infectious complications, and increased mortality in hospital
[12]. Visceral obesity itself is an independent component
of metabolic syndrome and the magnitude of obesity
directly relates to the prognosis of this condition [7, 13, 14].
VAT accumulation also determines a comprehensive cardiovascular risk profile and increases the susceptibility
to ischaemic heart disease and arterial hypertension
[8, 15–17]. As a hormonally active tissue, VAT releases
different bioactive molecules and hormones, such as
adiponectin, leptin, tumour necrosis factor, resistin and
interleutin 6 (IL-6). Among these hormones, adiponectin
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is of particular significance owing to its protective
antiangiogenic activity. Circulating adiponectin is inversely correlated with the amount of VAT [18], while
decreased concentrations of adiponectin are associated
with Type 2 diabetes, elevated glucose levels, hypertension, cardiovascular disease and certain malignancies [7,
18]. Consequently, it may be important to complement
adiponectin measures with calculations of VAT to better
understand the pathogenesis of obesity-related disorders
in the human population. As visceral obesity is associated
with poor prognosis, metabolic disturbances and degree
of pathology in several chronic diseases, it is of great
importance to identify methods that quantify adipose
tissue accurately and can specifically depict VAT from
total adipose tissue.
The necessity for precise and clinically expedient
measures for quantifying VAT is evident. However, it
is also essential to develop quantitative criteria for defining visceral obesity relative to these metabolic disturbances. To date, these criteria have not been clearly
defined in any modality. Currently, techniques for measuring visceral adiposity have ranged from simple,
indirect methods of evaluation, such as body mass index
(BMI) (weight divided by height squared) to crudely
predict visceral adiposity through to CT imaging to provide a cross-sectional area of visceral fat as an accurate
and reliable equivalent to visceral fat volume measurement. However, without precise measures of visceral
obesity, an index of abdominal obesity cannot be clearly
characterised and defined.

Clinically expedient techniques for measuring
visceral adiposity often lack precision
Numerous techniques have been developed to assess
visceral fat. The most clinically expedient are those that
can be performed quickly, provide instant results and
can be performed by the bedside without extensive
technical training. Anthropometric measures as well as
bioelectrical impedance analysis (BIA) are designed to
provide expedient, albeit crude, measures of body
composition; however, VAT is only an indirect measure
when using these approaches. Only CT and MRI can
provide direct measures of cross-sectional areas or
volumetric measures of VAT.

Anthropometric techniques
BMI is the most commonly used diagnostic tool for
characterising generalised obesity [19]. A BMI greater
than 25 kg m–2 is defined as overweight while a BMI
over 30 kg m–2 is characterised as obese (World Health Organization [62]). Visceral fat cross-sectional area, measured
by CT imaging, correlated well (males: r50.813; females:
r50.825) with normal BMI ranges (18.5–24.9 kg m–2) [19].
Despite the frequent use of BMI, it cannot distinguish
between lean and fat body mass and it certainly does not
appreciate differences between subcutaneous and visceral
fat compartments.
Waist-to-hip ratio (WHR), waist circumference (WC)
or sagittal abdominal diameter (the height of the abdomen when the patient is in the supine position) are
2

additional measures used in clinical practice to derive
estimates of fat distribution [20]. It is thought that WC
represents visceral and subcutaneous fat while hip
circumference reflects subcutaneous fat only. With this
in mind, it is not surprising that Ashwell et al [21] found
a significant correlation between the WHR and the ratio
of VAT-to-SAT cross-sectional area (quantified by CT
images taken in the abdominal region). In other words,
an elevated WHR ratio is associated with a high proportion of intra-abdominal fat. Despite this association,
Ashwell and his colleagues [21] did not find a significant
correlation between VAT-to-SAT ratios and degree of
generalised obesity, which may be attributed to the
imprecision of the WHR approach. However, a recent
study found WC to be the most reliable surrogate of
visceral adiposity across a wide age range in a population with a high incidence of the metabolic syndrome
[17].
In adult men and women, the proportion of the body
representing intra-abdominal fat was found to increase
with age, whereas subcutaneous fat cross-sectional areas
had a tendency to increase with the degree of obesity but
not with age [22]. Interestingly, men are reported to have
a significantly higher percentage of VAT than women
[17]. From anthropometric measurements, BMI and WC
have demonstrated similar correlations to total, visceral
and subcutaneous fat areas in all age categories, whereas correlations between skin-fold measures and intraabdominal fat areas become weaker with increasing age
[22]. Kvist et al [19] examined several relationships
between total and visceral fat tissue volumes measured
by CT and compared these measurements against BMI
and various diameters, circumferences and subcutaneous fat thicknesses of the trunk. They found BMI to
be the single superior predictor for total adipose tissue
volume with errors of up to 11%. For the prediction of
VAT volume, simple equations based entirely on the
diameter of the trunk at the third to fifth lumbar vertebrae resulted in up to a 21% variation in both sexes
[19]. Kullberg et al [23] found a strong correlation between anthropometric measurements and, in particular,
abdominal diameters and VAT assessed with MRI; however, since these measures are usually performed in
standing position and MRI images are obtained in a
supine position, there are challenges when comparing
the two measures. Although anthropometric measurements, such as WHR and sagittal abdominal diameter,
are simple and quick indicators of visceral fat accumulation, these indices were fundamentally inaccurate in
predicting VAT [19, 21, 22].

Bioelectrical impedance analysis
BIA is another accessible, safe and cost-efficient
method that avoids exposure to radiation and has been
widely used to measure body composition in clinical
populations [24, 25]. However, BIA lacks specificity and
accuracy because it is based on differences in resistance
when an electrical current is conducted through fat and
lean components of the body. Thus, prediction equations
are used to determine fat-free mass. While BIA can estimate whole-body fat content, recent attempts to assess
the amount of abdominal subcutaneous and visceral fat
The British Journal of Radiology, January 2012
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by BIA indicated significant correlations when compared
with precise imaging techniques such as CT [26, 27].
However, caution should be taken when interpreting
these results as they are based on measurements of
fat-free tissue and BIA calculates total fat mass by subtracting fat-free mass from body weight. Lean tissue
measurements are influenced by hydration status, which
is often a problem in clinical populations, particularly in
cancer patients [24, 25, 28]. If lean tissue measurements
by BIA are imprecise, these errors will also confound fat
measures. These limitations are the probable basis for the
discrepancies that have been identified with dual energy
X-ray absorptiometry (DXA) total body fat comparisons
with BIA [24]. While BIA and anthropometric methods
can be useful in classifying adipose tissue distribution for
the initial diagnosis of abdominal obesity for individuals,
and for general application in epidemiological studies,
these methods have limited potential for accurately
measuring visceral fat deposition in a clinical setting.

substantially higher correlations (r50.6–0.8) between
VAT and DXA trunk percentage fat [30, 31], there are
studies that have found no significant correlations [20].
The lack of correlation may be in part due to the method
of analysis used with DXA scans to estimate trunk fat.
Specific regions of interest in the trunk can be identified
with DXA using anatomical landmarks, such as a window

Dual energy X-ray absorptiometry and air
displacement plethysmography
The whole-body imaging technologies of DXA and air
displacement plethysmography have received increased
attention for their precision and rapid assessment. While
they are not necessarily clinically accessible, these modalities are progressively used by researchers. Air displacement plethysmography is a relatively novel technology
that is based on pressure–volume relationships to estimate volume and density. DXA measures the attenuation
of two energies emitted from the modality to distinguish
fat, lean and bone mineral content measures. However,
DXA and air displacement plethysmography can only
provide estimations of visceral adiposity as they cannot
distinguish between different adipose tissue deposits.
Intra-abdominal fat estimated from DXA and anthropometric data in obese women was compared with VAT
measurements from single-slice CT images at the fourth
to fifth lumbar vertebrae and was found to be inaccurate
[20]. In obese women with a greater proportion of upper
body fat distribution, the ‘‘narrow’’ location of the WC
was difficult to discern on the trunk [20]. In these instances, the umbilicus circumference, which is easy to
identify but located inferior to the waist, is typically
recorded despite it being a larger value than the waist
measurement. This inconsistency may limit the validity
of the waist measurement in obese women. The inconsistency in sagittal diameter measurements is another
source of inaccuracy because no standard procedures
exist for measuring sagittal diameter whereby any difference in body position may also affect the measurement value [20].
Imaging technologies including DXA, MRI and CT
have been identified as gold standards in body composition analysis. DXA can accurately detect whole-body fat
mass (within 2% coefficient of variation) and has the
capacity for regional analysis [24, 29]. However, a
distinct method for discriminating VAT has yet to be
developed with DXA. Given that WHR correlates well
with VAT-to-SAT ratios, one would expect that VAT
would also correlate well with total or regional trunk fat
quantified by DXA. While some studies have found
The British Journal of Radiology, January 2012

Figure 1. Dual energy X-ray absorptiometry of the whole
body. Regional image analysis of the visceral fat is conducted
at the level of L3–L5 lumbar vertebrae (green rectangle).
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extending 5 cm or 10 cm above the iliac crest and laterally
to the edges of the abdominal soft tissue which corresponds to the third to fifth lumbar vertebrae; this is the
region commonly used in CT imaging to assess VAT
(Figure 1). The DXA software identifies the composition
of lean, fat and bone tissue over each individual pixel.
Given that fat tissue is the least dense and bone is the
most dense, pixels containing fat and bone tissue may
be identified as lean tissue and influence the estimation of
trunk fat in obese individuals. These factors raise concerns
regarding the accuracy with which DXA can predict the
quantity of intra-abdominal fat tissue in obese patients
[20, 32]. While DXA has the capacity to provide whole
body analysis at a lower cost and with little radiation, CT
and MRI provide greater precision for the evaluation of
VAT. Nonetheless, DXA is a far more precise method than
anthropometric techniques, including WC, supine sagittal
diameter or BIA.

Ultrasound
Ultrasound is another suitable technique for estimating subcutaneous and intra-abdominal fat tissue. The
time needed for a single measurement is very short, but
reproducibility and accuracy are poor [33–35]. Bellisari

(a)

et al [35] demonstrated that ultrasound measurements
of intra-abdominal adipose tissue yield a coefficient of
variation of 64% and therefore did not recommend
ultrasound for the measurement of visceral fat. Several
studies have shown a good correlation between abdominal ultrasound measurement and the amount of intraabdominal adipose tissue on CT, as well as its usefulness
in diagnosing intra-abdominal obesity [33, 34, 36]. The
assessment of intra-abdominal adipose tissue by ultrasound was first published by Armellini et al [37],
showing correlations between ultrasound and CT of
0.68–0.74 [33].
However, ultrasonography can be used to estimate the
ratio of the thicknesses of the pre-peritoneal fat layer
(extending from the anterior surface of the liver to the
linea alba) and subcutaneous fat in the abdomen, which
is termed the abdominal wall fat index (Figure 2). This
index was comparable with VAT-to-SAT ratios obtained
with CT analysis and it was positively correlated with
serum triglyceride levels and inversely correlated with
high-density lipoprotein [34, 38]. These results suggest
that the abdominal fat index measured by ultrasonography may predict visceral fat deposition and ultimately predict metabolic disorders involving lipid and
glucose metabolism [34]. The use of ultrasonography for
measuring visceral thickness from the posterior edge of

(b)

(c)
Figure 2. Ultrasound image of the abdomen. (a,b) Subcutaneous fat (S) and a pre-peritoneal fat layer (P) extending from the
anterior surface of the liver to the linea alba (white arrow) are identified. The abdominal wall fat index designates a ratio of the
thicknesses of the pre-peritoneal fat layer and subcutaneous fat; (c) visceral thickness (green arrow) from the posterior edge of
the abdominal muscles to the aorta (white arrow) is also demonstrated.
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However, they also highlight that visceral fat volume had
a stronger correlation with BMI than visceral fat crosssectional area in both genders [42], suggesting that when
CT or MRI analysis is not available, BMI may provide
a surrogate measure of VAT. However, the relationship
between BMI and CT images of VAT has not been
extensively evaluated in diverse healthy and clinical
populations.
While single-slice images are often used in research
studies to reduce costs and radiation exposure, one
should keep in mind that they may be less accurate than
volumetric analysis. One potential problem in using
single-slice analysis for CT is that soft-tissue structures
are continuously moving and may adversely affect the
reliability of the visceral fat measurement, particularly in
longitudinal analysis of scans, as movement of these
tissues will alter the location of VAT in a given single
slice. Intrasubject variability in CT-derived adipose
tissue measures in the abdominal region may also limit
the usefulness of single-slice analysis when comparing
intra-abdominal fat between individuals [43]. The same
problem may apply to MRI.
MRI continues to provide a valuable method for
studying fat deposition and can be used to assess abdominal fat distribution [39]. In practice, multiple-slice
MRI is one of the preferred options for volume calculation, but its use is limited by accessibility and cost.
Accuracy is often high with MRI, but defining different
adipose tissue deposits depends on the settings of the
MRI scanner (Figure 4). Along with CT imaging, multislice volume MRI is generally considered a gold standard

the abdominal muscles to the aorta (Figure 2), lumbar
spine or psoas muscles has also correlated well with
VAT measured by CT imaging (r50.669, p,0.001), also
demonstrating that ultrasonography could be useful in
evaluating intra-abdominal fat tissue [36, 37]. However,
caution should be taken when interpreting ultrasound
measurements as they are often subjective to the experience and abilities of the researcher. A reproducible
method for objective assessment of VAT using ultrasound is necessary and requires future investigation.

CT and MRI
Currently, the gold standard for the quantitative
assessment of intra-abdominal adipose tissue is CT and
MRI [39]. With its excellent resolution of adipose tissue,
CT presents a direct method of assessing visceral fat
deposition in both adult and paediatric populations.
Specific ranges of Hounsfield units (HU) are the basic
radiographic measure used to decipher between different tissues; the window width defining fat tissue varies
from –250 HU to –30 HU [40]. Volume of fat can be
measured in voxels and translated to cubic centimetres
(Figure 3). Cross-sectional areas can be measured in
single or multiple slices at pre-determined landmarks,
which generates strong correlations with fat volume
[41, 42]. For example, the work by Kobayashi et al [42]
showed that single-slice surface area of visceral fat strongly
correlates with volumetric reconstruction at the umbilicus in males and females (r50.81 and 0.85, respectively).

(a)

(b)

(c)

(d)

(e)

(f)

Figure 3. Axial CT images of the abdomen at the level of the L3 vertebral body. (a) Visceral, (b) subcutaneous and (c) total fat
components are highlighted. (d) Visceral, (e) subcutaneous and (f) total fat components are then separately extracted. The
numbers of pixels of each component are summed across obtained slices to create a ratio of visceral and subcutaneous fat to
total fat. The percentage of visceral adipose tissue is then calculated.
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(a)

(b)

(c)

(d)

(e)
Figure 4. (a) Axial gradient-echo fat-saturated three-dimensional MRI (repetition time (ms)/echo time (ms), 4.156/1.892;
4 mm thickness) of the abdomen at the level of the L3 vertebral body. (b) Visceral and (c) total fat components are
highlighted. (d) Visceral and (e) total fat components are then extracted. The percentage of visceral adipose tissue is then
calculated.

reference for measuring total and regional adipose tissue
volumes [29, 44]. With the costs involved with multislice
imaging for volumetric analysis, single cross-sectional
images can be used as representative measures of VAT for
a compromise between accuracy and cost [45]. However,
the limitations in this approach are similar to those
described with CT. Thomas et al [46] found significant
variation in the individual percentage of visceral and total
adipose tissue based on the MRI single-slice technique
with no relation to simple anthropometric measurements
in a representative group of women [46]. Similar to CT
imaging, the correlation between VAT cross-sectional
6

areas in a single slice compared with VAT volume measured with multiple slices has varied; however, strong
correlations are generated (r50.82–0.99) regardless of
sample size [19, 44, 47]. Shen et al [48] showed that single
abdominal adipose tissue slice areas obtained by MRI at
5 cm superior to the L4–L5 level revealed the highest
correlation with total body adipose tissue. Furthermore,
the influence of age, sex, ethnicity, imaging position
(prone or supine), BMI and WC on the relationship
between single adipose tissue areas and respective total
body adipose tissue volume were insignificant [48, 49].
However, it should be emphasised that despite being a
The British Journal of Radiology, January 2012

Method of evaluation

Availability

Specificity

Accuracy

Reproducibility

Quantitative assessment

Exposure to radiation

Other comments

Anthropometric: BMI,
WC and sagittal
abdominal diameter
BIA

Most accessible

Low

Low

Highly variable

Does not provide

No

Simplest and
most rapid method

Easily accessible

Low

Medium

Coefficient of variability:
4–9.8% [50, 51]

Indirect assessment by
measuring a voltage
of current between
the umbilicus and
the back

No

ADP

Less accessible

Medium

High

Coefficient of variability:
adults, 1.7–4.5% [52];
children, 25% (boys),
44% (girls) [53]

Indirect assessment by
monitoring changes
in pressure within a
closed chamber

No

Ultrasound

Easily accessible

Medium

High

Coefficient of variability:
varies from ,2% to
4.5–7.9% [54, 55]

No

DXA

Less accessible

Low

High

Coefficient of variability:
varies from ,1% to
4% [50, 56, 57]

CT

Less accessible

Very high

Very high

Coefficient of variability:
1.2–4.3% [55, 58, 59]

Indirect assessment by
measuring a distance
between internal
face of the
recto-abdominal
muscle and anterior
wall of the aorta
Indirect assessment by
measuring a total
body and trunk fat
masses
Provides

Takes up to a few
minutes. Does not
require specific skills
to operate equipment.
Has maximum weight
limit. Requires predictive
equations
Rapid and non-invasive
May be feasible for
morbidly obese patients
Need to control temperature
and moisture
Requires patient to perform
a complex breathing
manoeuvre
Volume of the body fat
is often underestimated
Operator skills and
training required
Reliability and accuracy
depend on operator

MRI

Much less
available
than other
methods

Very high

Very high

Coefficient of variability:
2.1–6.5% [50, 57, 60, 61]

Provides

The effective dose
per scan: 0.003–
0.06 mSv
The effective dose
per scan: 6.0–10.0
mSv for abdominal
multislice CT with
routine protocol
(2.5 mm slice
collimation), but may
be reduced with
improved protocols
No

Upper weight limit
restricted by the size of
the scanning area. Special
software required
Can use single slices to
predict whole body
compartments
Upper weight limit
Specific software required
for analysis

Duration of the scan is
approximately 14–18 s
Single-slice protocol is as
accurate as multislice
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ADP, air displacement plethysmography; BIA, bioelectrical impedance analysis; BMI, body mass index; DXA, dual energy X-ray absorptiometry; WC, waist circumference.
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reliable technique that also can be used to assess
abdominal fat distribution, MRI equipment is expensive
and less available than CT equipment.
Another limitation of both CT and MRI techniques is
the potential inapplicability for extremely obese patients
because of the weight limits for the table attached to the
CT and MRI scanners. Also, the circumference of an
obese individual’s body may not fit through the field of
view of the scanner. Future investigations are needed to
understand the accuracy of body composition measurements in obese, particularly morbidly obese, individuals
when using CT and MRI.

Conclusion
What is the preferred method for visceral adipose
tissue measurement?
Accurate quantitative assessment of the visceral
adiposity is essential in the evaluation of potential risk
for the development of serious medical illnesses.
Techniques for measuring visceral adiposity vary in
accessibility, specificity, accuracy and the ability to
quantitatively assess visceral fat (Table 1). Where MRI
and CT images are available, these generate the most
accurate, specific and comprehensive data in comparison
with all modalities discussed in this paper. The precision
of CT imaging for measuring visceral fat tissue provides
a clinical venue for body composition analysis, particularly the quantification of visceral fat. Owing to the costs
of both CT and MRI, retrospective analysis of images
taken during routine clinical care in a given disease
population can be valuable for assessing changes in VAT
relative to other body composition features and relative
to clinical and metabolic parameters. However, prospective analysis using MRI is less feasible because it is costly
and relatively inaccessible in smaller clinical centres.
Prospective analysis using CT imaging is also relatively
unfeasible owing to the radiation exposure involved.
Where this imaging equipment is inaccessible, surrogate measures of visceral adiposity may be used along
with the inexpensive anthropometric measures (i.e. BMI,
WHR) that have been discussed. These measures can be
used to classify the magnitude of obesity in patients.
However, studies that advance accuracy and provide
more precise predictive equations in using these simple
surrogate anthropometric measures that define intraabdominal obesity are needed.
Ultrasound imaging may facilitate the assessment of
the general magnitude of intra-abdominal adipose tissue,
but it has obvious limitations regarding reliability. The
techniques used in ultrasonography remain operator
dependent in quantitative measurements of body composition. If ultrasound imaging is available, with proper
precautions for operator protocols to promote consistency,
it can provide expedient measures of visceral adiposity.
On the other hand, DXA and air displacement
plethysmography can provide precise measures of fat
mass but can only indirectly measure visceral adiposity.
Until accurate predictive equations are developed for
these high-precision techniques, their capacity to quantify VAT is limited. While BIA is a cost-efficient and
accessible method that also avoids exposure to radiation,
8

it has the least accuracy for predicting VAT of all the
modalities discussed.
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