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a b s t r a c t

Obesity and its co-morbidities, including type II diabetes, insulin resistance and cardiovascular diseases,
have become one of the biggest health issues of present times. The impact of obesity goes well beyond the
individual and is so far-reaching that, if it continues unabated, it will cause havoc with the economies of
most countries. In order to be able to fully understand the relationship between increased adiposity
(obesity) and its co-morbidity, it has been necessary to develop proper methodology to accurately and
reproducibly determine both body fat content and distribution, including ectopic fat depots. Magnetic
Resonance Imaging (MRI) and Spectroscopy (MRS) have recently emerged as the gold-standard for
accomplishing this task. Here, we will review the use of different MRI techniques currently being used
to determine body fat content and distribution. We also discuss the pros and cons of MRS to determine
ectopic fat depots in liver, muscle, pancreas and heart and compare these to emerging MRI techniques
currently being put forward to create ectopic fat maps. Finally, we will discuss how MRI/MRS techniques
are helping in changing the perception of what is healthy and what is normal and desirable body-fat con-
tent and distribution.

� 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Obesity has become one of the major health concerns of modern
times. It is estimated that over 700 million people across the world
are currently either overweight or obese [1]. In the UK alone, latest
studies show that over 60% of the adult population is either over-
weight (with a body mass index (BMI) between 25–30 kg/m2) or
obese (with a BMI between 30–40 kg/m2), while 30.3% of children
(aged 2–15) are overweight or obese. This increase in body adipos-
ity is closely associated with a number of non-communicable dis-
eases, including type-2 diabetes, hypertension, cardiovascular
disorders and some forms of cancer. Indeed, type-2 diabetes is to-
day a major worldwide problem, with more than 346,000,000 dia-
betics across the planet and these figures may double by 2030 [1].
In some countries, levels of diabetes now affect over 20% of the
adult population. The social and economic impact of the obesity
pandemic, and its co-morbidities, cannot be overstated, and at this
rate is likely to have a severe impact on healthcare provision in
many economies [2].

Adipose tissue (or body-fat) is a multifaceted and complex or-
gan [3]. Besides functioning as a system for excess energy deposi-
tion, protection from the cold and everyday hazards, adipose tissue
produces an assortment of molecular messengers (adipokines),
which influence a diverse array of functions, including appetite,
fertility, neuronal development and plasticity, inflammatory re-
sponses, and the action of other hormones, including insulin [4].
Yet, despite these positive functions, a close association between
excess body adiposity and the development of non-communicable
diseases has been reported in many epidemiological studies [5].
Moreover, these associations are further strengthened if age and
physical activity (or the lack of it) are included in the paradigm.

Detailed studies of adipose tissue content and distribution sug-
gest that the latter plays an important part in these associations
[6]. Indeed, a number of adipose-tissue related sub-phenotypes
have now been identified, including ‘thin on the outside fat on the
inside’ (TOFI) and ‘fat-fit’ subjects, which indicate the importance
of having accurate and reproducible measurements of both the to-
tal body-fat and its distribution [7]. For example, in the case of
TOFI, subjects with normal BMI (<24.9 kg/m2) but increased
abdominal obesity, have increased risk of developing insulin resis-
tance and type II diabetes, while the ‘‘fat-fit’’, subjects with
BMI > 30 kg/m2 appear metabolically normal despite their elevated
body adiposity [8].

In order to understand these somehow paradoxical findings, it
is important to get a better definition of the different concepts/
words involved in many of these associations, including ‘adipose
tissue’, ‘body-fat’ and ‘ectopic fat’. The use of the words ‘fat’ or
‘body-fat’ has become synonymous with obesity, and in general re-
fers to the fat found immediately under the skin covering substan-
tial parts of the surface of the body. Strictly speaking, this fat layer
is actually ‘subcutaneous adipose tissue’ and is part of a larger or-
gan: adipose tissue, which makes up a significant part of our
bodies. Adipose tissue can also be found surrounding organs such
as the liver, pancreas, kidneys and the heart, to some degree. It is
also found in muscles and other areas of the body including part
of the orbital cavities. All these fat depots, which in many instances
are not in direct physical contact with each other, appear to work
in a coordinated manner, and are normally referred to as ‘total adi-
pose tissue’. Besides these fat depots, fat can also be accumulated
within certain organs and tissue, including liver, pancreas, heart

and muscle, and these deposits are technically known as ‘ectopic
fat depots’. Some of these depots have recently been shown to be
important independent risk factors for disease development and
clearly deserve closer scrutiny if the underlying mechanism that
underpins the associations between increased body adiposity is
to be unravelled [9].

The need for an accurate and reproducible method to determine
levels of different fat depots, including ectopic fat, has driven the
scientific community to investigate the potential use of imaging
technologies, including CT, magnetic resonance imaging and spec-
troscopy (MRI/MRS). Thus, in the last two decades MRI/MRS have
become the gold-standard for such studies, especially as the scien-
tific community moves into the post-genomic era and an under-
standing is sought of the gene-environment interactions that
contribute to the determination of fat content and distribution in
different subjects and their role in the reported gender and ethnic
differences. With this in mind, we will review the use of MRI and
MRS in the study of adipose tissue and ectopic fat and how these
techniques are helping us to get a better understanding of the role
of body fat not only in disease development, but also in the process
of achieving optimal health.

2. Indirect methods for body-fat measurements

A number of techniques are currently available to assess body
fat content. Indirect methods include: body-mass-index (BMI),
skinfold anthropometry, bioelectrical impedance, underwater
weighing, and body water dilution [10]. While there are pros and
cons for all of these methodologies, the one thing they have in
common is that they give little or no information concerning adi-
pose tissue distribution. Moreover, most of these techniques are
based on indirect measurements of either body water or body vol-
ume and necessitate equations to convert these into total fat mea-
surements. While these methodologies do provide valuable
information, particularly at a population level, they are not always
applicable to all ethnic groups or to subjects with extremes of body
types. This is mainly due to the fact that they were derived from
specific populations, generally Caucasian. More importantly, they
say nothing about intra-abdominal (also known as ‘visceral fat’)
or ectopic fat levels, two crucial factors in the association between
body adiposity and disease development. We will therefore not
discuss these methods further.

2.1. Direct methods for body-fat measurements

2.1.1. CT and MRI to measure adipose tissue content and distribution
The fact that different fat depots within the body appear to con-

tribute, to a differing extent, to the risk of developing non-commu-
nicable diseases, has made it clear that measuring total body fat
content alone was not sufficient. This has necessitated the develop-
ment and implementation of new techniques that could accurately
measure body fat content and distribution and which could be
applicable to all populations and body types.

The first technique used which appeared to meet all of these cri-
teria was CT scanning. Total adipose tissue content could be mea-
sured as well as individual adipose tissue depots, particularly
intra-abdominal adipose tissue depot [11–14]. However, a major
drawback of CT scanning is the radiation dose it delivers, which
greatly limits its application, particularly for longitudinal studies
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