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advances in body Composition 
analysis for large Scale Studies: 
defining the european adult

IntroDuCtIon
Today humanity faces unprecedented health chal-
lenges. The rise in obesity and associated disorders, 
including type II diabetes, cardiovascular disease 
and some forms of cancer, are eroding many public 
services and healthcare systems across the world. 
In Europe alone over 371 million individuals are 
overweight or obese, and the prevalence of diabe-
tes has reached a staggering 60 million individuals. 
It is estimated that the overall cost of obesity-
related issues could run into trillions of euros in 
the next decade.  Similarly, an increase in the ageing 
population and the high prevalence of age-related 
conditions, including dementia and sarcopenia, are 
putting further strain on public services [1]. Under-
standing the causes and consequences of obesity 
and the impact of ageing, and how to tackle them, 
has therefore become a priority for health agencies 
across the continent.
The main cause for the rapid increase in obesity 

across the globe is the pernicious obesogenic envi-
ronment that we have created for ourselves, with 
our sedentary lifestyle and increased over-reliance 
on high-calorie food. In the case of ageing, old-age 
sarcopenia is closely related to quality of life and 
“healthspan”. The mechanisms that underpin these 
conditions are not fully understood, but in the last 
decade it has become clear that it is not only the 
absolute levels of body adiposity, but its relative 
distribution that is crucial for increasing the risk of 
developing many of the conditions associated with 
obesity [2]. For example, although it has been known 
for some time that coronary heart disease and type II 
diabetes are associated with total adiposity, a num-
ber of lifestyle interventions have demonstrated 
that significant improvements in metabolic profile 
can be obtained in the absence of changes in body 
weight, body-mass-index (BMI) or general estimates 
of total body fat. These improvements appear to be 
related to fat-depot specific changes, particularly 
those associated with intra-abdominal adipose tissue 
(also known as “visceral” fat) and ectopic fat depots 
(liver and pancreatic fat). These fat depots have been 
identified as independent risk factors for disease, 
whereas subcutaneous adipose tissue appears to be 
relatively benign. 
Interestingly, recent studies have indicated the exis-
tence of a subpopulation of subjects who are “meta-
bolically obese” despite their normal BMI, while oth-
ers have identified “metabolically healthy obese” sub-
jects in cohorts with elevated BMI (>30) [3]. We have 
also demonstrated that individuals with the same 
BMI and/or waist circumference can differ dramati-
cally in their distribution of adipose tissue and liver 
fat and have estimated that amongst the UK popula-
tion with BMI of <25 kg/m2, over 15% have a dispro-
portionate amount of visceral fat. This derangement 
is even more pronounced when levels of liver fat are 
included, where over 40% of the adult population 
present clinically abnormal levels.  Moreover, genetic 
studies also support the existence of both “metabolic 
obesity” and “favourable adiposity” phenotypes [4].

BMI anD BeyonD
Since its inception, BMI has served us relatively well 
as an indirect, yet flawed, method to determine an 

aNalYSISBoDy CoMpoSItIon

Precise measurements of body 
composition, including body fat, 
muscle and liver, are essential 
for our understanding of condi-
tions associated with obesity 
and organ degeneration. Recent 
advances in magnetic reso-
nance imaging (MRI) acquisition 
as well as novel image analysis 
systems are revolutionising our 
ability to undertake large scale 
human studies.  
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individual’s body composition. This simple tool, requir-
ing access to some very basic equipment (tape-measure 
and weighing scales), is readily available to most people 
and is easy to implement and understand. With its simple 
cut-off values, arising from large population surveys and 
underpinned by considerable clinical data, members of 
the public and health professionals can utilise this tech-
nique to estimate relative body adiposity, health status, 
disease risks and the potential role of both genetic and 
environmental factors.  However, despite its value in large 

scale studies, it has become clear that there are major 
shortcomings with this technique, including its inability 
to measure body fat distribution, differentiate between 
muscle mass and adiposity or even take into account gen-
der and ethnic differences [5].  This can be best illustrated 

when comparing subjects with identical BMI but known 
differences in body composition as observed between a 
body-builder and an obese subject. In order to overcome 
some of these issues and with a view to improve the asso-
ciation between anthropometric measurements and risk 
factors, several alternative and complementary measure-
ments were introduced into clinical practice, including 
assessment of waist-circumference (WC), waist-to-hip 
ratio (WHR) and waist-to-height ratio (WHtR). Although 
these measurements have had significant clinical impact 
they do not altogether resolve the issue of at risk subjects 
with “normal” anthropometric values, nor does it help to 
underpin the mechanism associated with healthy meta-
bolic profile and increased adiposity. This appears to be 
mainly due to the fact that these indirect methods could 
not accurately determine levels of visceral and ectopic fat. 
Presently this can only be achieved by the use of direct 
imaging techniques [6].

IMaGInG MethoDoloGy anD BoDy aDIpoSIty
The advent of imaging technologies for the direct assess-
ment of body fat and muscle distribution and content 
has revolutionised body composition studies. CT and 
magnetic resonance imaging (MRI) quickly became the 
techniques of choice for research scientists and clini-
cians, with MRI becoming the gold-standard due to 

fIGure 1. Body Fat Phenotyping. Abdominal MRI from uK Bio Bank (uKBB) participants with identical BMI, but significantly different levels of intra-
abdominal (“visceral) fat (red). Subcutaneous abdominal fat is shown in blue. Images were acquired with DIXON-based acquisition techniques and 
analysed using the AMRA Profiler method [See ref. 7 for more details]. 
Image reproduced courtesy  of AMRA (Advanced MR Analytics AB);   Prof JD Bell; uKBB. 

“... The final stumbling block for large 
scale implementation, namely the 

slow and very time-consumung pro-
cess of image analysis ... has recently 

been overcome...”
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its non-invasive/non-radiation 
nature. However, these techniques 
were themselves not without issues, 
including availability and relatively 
high cost. This limited many stud-
ies to rather small cohorts (< 100 
subjects). Attempts were initially 
made to cut down cost by reducing 
scanning time e.g. scanning of the 
abdominal area only or even the use 
of single-abdominal-slice to esti-
mate visceral and ectopic fat. These 
approaches were again not sufficient 
to completely overcome variability 
between individuals. More recently 
acquisition techniques have greatly 
improved, allowing whole-body 
scans, as well as determining liver 
and pancreas fat content and inflam-
matory/fibrotic status, in <10 min-
utes. The final stumbling block for 
large scale implementation, namely 
the slow and very time-consum-
ing process of image analysis that 
requires extensive manual interven-
tion from specialised personnel, 
has recently been overcome. The 
introduction of, for example, AMRA 
Profiler [7] and LiverMultiScan [8] 
has greatly enhanced our ability to 
phenotype almost any living indi-
vidual.  This has resulted in highly 

innovative and practical systems to 
mine large scale imaging resources 
such as the UK-Biobank (UKBB) 
and the German National Cohort 
(GNC). The future is likely to see 
imaging analysis taken a step further 
with the development of novel tools, 
which will translate measurements 
of body composition into a clearer 
picture of an individual’s overall 
health and metabolic risk.

BIG Data anD the future
Biobanks present a unique oppor-
tunity to investigate a very large, 
free-living population, (>100,000 
men and women) with exceptionally 
rich phenotypic data. This allows 
researchers to determine genetic 
and lifestyle factors influencing not 
just content, but also distribution of 
both fat and muscle. Biobanks also 
address a major limitation of most 
studies carried out to date – the 
lack of large-scale data on the most 
bio-medically-relevant measures of 
adiposity and muscle mass, includ-
ing particular location [Figure 1].  
Moreover, the biobanks resources 
will allow researchers to define nor-
mative values for different body fat 
depots, content and distribution, as 

well as muscle mass and organ size 
and status [Figure 2]. It will also 
permit us new insights into a more 
accurate definition of “health” and 
monitoring progression from health 
to disease. Finally, as the number of 
subjects receiving MRI scans across 
Europe increases, with several pan-
European consortia already in place, 
scientists will be in a unique posi-
tion to create a full definition of 
the European Adult, in terms of 
body fat and muscle content and 
distribution.

In conclusion, the use of highly-stan-
dardised volumetric MRI protocols 
and novel image analysis methodol-
ogy will dramatically increase accu-
racy and provide greatly improved 
power for scientific, anthropological 
and clinical research.
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fIGure 2. Liver Phenotyping. Liver images from participants in the uK Bio Bank (uKBB).  Note the differences 
in percentage liver fat (PDFF), iron content (Fe) and inflammation/fibrosis (LIF). Images were acquired and 
analysed using the LiverMultiScan methodology [See ref. 8 for more details]. 
Image reproduced courtesy of: Perspectum–Oxford; Prof JD Bell; uKBB. 
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