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By Sven Enerbäck 

Body Composition Analysis:  
single patient potential from  
large population studies  

Innovative, rapid  MRI-based profile analysis allows precise quantification of different 
lipid compartments and creation of personalized body composition profiles 

The current widespread  ‘globesity’ epi-
demic is associated with a number of 
serious and life-threatening diseases 
and public health challenges that 
require urgent intervention. Current 
low-technology measures, such as body 
mass index (BMI), may provide useful 
population data that can be employed 
in large-scale campaigns, but on an indi-
vidual level measuring BMI has been 
shown to be less useful in targeted 
approaches to the maintenance of 
health and disease prevention. 

Conversely, 3D volumetric imaging, such 
as MRI, provides detailed diagnostic 
information. Novel analyses of such data  
enable quantification of  lipid deposi-
tion in adipose and non-adipose tissues, 
thus allowing targeted approaches in 
the areas of greatest risk.

Obesity is an expanding global problem. The 2011–14 data 
from the U.S. CDC show that more than one third (36.5%) 
of adults in the US are overweight as defined by BMI ≥25 
kg/m2 [1].The most recent European data from the World 
Health Organization indicate that Europe’s statistics are not 
far behind those of the U.S. [2]. Obesity is associated with 
an increased risk of a wide range of conditions, including 
metabolic syndrome, type 2 diabetes, cardiovascular dis-
ease, non-alcoholic fatty liver disease (NAFLD) and many 
types of cancers, all of which can result in serious and 
life-threatening diseases and place a significant burden on 

healthcare resources [3, 4] At least 2.8 million people die 
worldwide each year as a result of obesity, primarily owing 
to the cardiovascular complications of type 2 diabetes and 
insulin resistance [1].
An important underlying mechanism of obesity-related 
disorders is endothelial dysfunction caused by ectopic fat 
accumulation. When the storage capacity of adipose tissue is 
exceeded, fat is deposited in non-adipose tissues, primarily 
in the liver, kidneys, skeletal muscle and heart, resulting in 
cell damage and impaired cellular function [5]. Furthermore, 
ectopic fat deposits may play a role in the development of 
metabolic syndrome through secretion of a range of adi-
pocytokines and the release of large amounts of free fatty 
acids into the liver, which may interfere with hepatic insulin 
clearance [6, 7]. Consequently, lipotoxicity is believed to have 
a role in heart failure, obesity, and diabetes and is estimated 
to currently affect approximately 25% of the adult American 
population [5]. 

It is well recognized that regional obesity such as abdominal 
obesity is a more severe marker of risk than, for instance, sub-
cutaneous accumulation of adipose tissue [8]. However, while 
low-technology measures such as BMI, waist circumference 
and waist-to-hip ratios can give a good indication of the loca-
tions and dangers of fat deposits in the body, they provide 
little information about body composition and metabolic sta-
tus. As a result, such low-tech measurements provide useful 
information from large cohorts or at a population level, but 
they are less helpful at identifying risk at an individual level. 
Most methods that measure body fat, for example hydrostatic 
weighing and air displacement plethysmography, are not able 
to differentiate between ectopic and visceral fat and the fat 
level quantification provided by these methods is not accurate 
or precise. DEXA imaging can be used to quantify regional 
fat distribution, but it is unable to measure diffusely stored 
fat, such as fatty deposits in the liver or muscles, otherwise 
invasive procedures such as biopsies are necessary. 

MRI is the gold standard in 3D volumetric imaging of adi-
pose and muscle tissue; it provides accurate and precise 
measurements of visceral, liver and muscle fats, which are 
quantified through complex analysis. This advanced use of 
MRI technologies can, therefore, provide both  a good under-
standing of the actual risk to an individual, as well as clear, 
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accurate data from large cohort studies. The obesity epidemic can 
be challenged on a large population scale by defining, evaluating 
and validating risk association and predictive values, enabling the 
determination of targets for risk reduction and treatment effects 
in individuals. 
This work  is already being carried out in an analysis of MRI 
results from 100,000 participants in the UK Biobank study using 
the AMRA Profiler The first 3,900 scans have already been used 
for method validation and the establishment of normative values. 

MAppING INdIVIduAls’  tRIGlyCERIdE CONtENt
An innovative method for mapping triglyceride content is now 
available and provides precise and accurate volumetric quan-
tification of the lipid profiles of individuals. The Swedish bio-
technology company, AMRA (Advanced MR Analytics AB), 
has developed the AMRA Profiler that allows for highly stan-
dardised quantification of different lipid compartments and pro-
vides comparable results independently of scanner platform and 
field strength. Further benefits include reduced time for assess-
ment of individuals, better patient stratification and reduced 
cost of MR scanning. 

Measurements are acquired via an approximately 6-minute MRI 
scan in any modern 1.5T or 3T MR-scanner using a 2-point Dixon 
imaging protocol covering neck to knee and a multi-point Dixon 
protocol positioned within the liver. The acquired images are then 
analyzed using the AMRA Profiler enabling precise and accurate 
quantifications of visceral adipose tissue volume (VAT), total 
abdominal adipose tissue volume (ATAT), total lean thigh mus-
cle volume and liver proton density fat fraction (PDFF) [Figure 

2].Validation of the measurement methodology and establish-
ment of normal values has been completed. The next steps will be 
to identify predictive risk values and treatment effects.
The AMRA Profiler is suitable for the quantification of visceral 
adipose tissue, abdominal subcutaneous adipose tissue, intra-
muscular adipose tissue, liver fat and lean muscle tissue, with 
therapeutic applications in metabolic syndrome, diabetes, cardio-
vascular disease, NAFLD, cancer and more, ensuring healthcare 
professionals are better equipped to provide relevant preventative 
measures and treatments for individuals with obesity and meta-
bolic related disorders. 
This technology has proven itself as a reliable and accurate way 
to predict risk from comparing patterns of lipid depositions in 
humans.

usE OF AMRA tEChNOlOGy wIth thE uk BIOBANk
The UK Biobank is a large prospective registry, with over 500,000 
participants to date who have provided detailed information on 
their health and lifestyle and have agreed to have their health fol-
lowed. The project provides access to population data for scientists 
undertaking health-related research, with the aim of improving 
the prevention, diagnosis and treatment of a range of serious and 
life-threatening diseases including cancer, heart disease, stroke 
and diabetes [9]. 
AMRA technology is being utilized in a UK Biobank study to 
investigate the relationship between fat and muscle distribution 
in the body and metabolic health, including risk factors for con-
ditions such as obesity and diabetes [9]. High levels of visceral 
and liver fat are indicators for the development of type 2 diabetes, 
among other important measurable markers (e.g. BMI, HbA1c 
and waist circumference) [8]. Accurately defining the fat com-
position in individuals can therefore indicate the level of risk of 
developing type 2 diabetes, provide information about the onset 
and severity of disease and inform on appropriate treatment 
modalities. 
In this study, fat and muscle measurements will be assessed from 
magnetic resonance images (MRI) in up to 100,000 subjects who 
are currently part of the UK Biobank registry with the aim of 
providing a better understanding of the link between body com-
position and risk for obesity-related diseases. 
For example, a comparison to a non-diabetic control group will 
allow us to establish what is normal in diabetic vs non-diabetic 
individuals in order to define these measurements as individu-
alized biomarkers and bring benefit to routine clinical care. 
The analysis will review clinical presentation and how these 
parameters relate to patient status and risk of co-morbidities, 
building on the evidence for precision medicine for type 2 dia-
betes patients.
The role of advanced body composition phenotyping should not 
be seen as being independent of other diagnostic imaging tech-
niques whose objectives are the in-depth characterization and 
diagnosis of the end organ disease. Utilizing both multimodal and 
multiparametric acquisition approaches, we can employ enhanced 
body composition phenotyping to understand the underlying 
causes of metabolic syndrome and use advanced diagnostic imag-
ing (preferably with quantitative components) to diagnose and 
stage organ disease.

Figure 1: Two females with very similar body composition. 
Left: BMI 25 kg/m2; Visceral fat 4.7 L; Total abdominal fat 11.9 L; Liver fat 1.3% 
Right: BMI 24.3 kg/m2; Visceral fat 4.4 L; Total abdominal fat 11.3 L; Liver fat 
29.6%. 
The female on the right presents strongly elevated liver fat levels, which puts her in 
a high risk group for developing diabetes and chronic liver disease.
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thE FutuRE 
This project creates value outside of the 
UK Biobank. As the UK Biobank is an 
open access resource, this knowledge can 
be transferred and used as an individual 
reference data for subjects who enrol in 
clinical research and trials. Later on, it will 
also be possible to develop further applica-
tions, incorporating massive reference data 
on an individual level, providing a new 
level of advanced phenotyping with well-
established risk association data acquired 
via healthcare registries. 
Use of AMRA technology in this study 
will, for the first time, enable in-depth 
analysis of the health effects caused by 
interactions of different adipose tissue 
compartments representing different 
states of lipid homeostasis on an indi-
vidual level. Furthermore, data from 
the registry will enable studies on how 
genetics affects lipid homeostasis and 
how physical activity and diet affects lipid 
homeostasis. 
The vision for patients is that they will 
ultimately have a greater understanding 
of their own risk using personal body 
composition profiles (BCP). Healthcare 
professionals will be able to work with 
them to develop individualized treat-
ment plans that have visually measurable 

results on the risk factors with greatest 
threat to overall metabolic health – an 
evidence-based approach to precision 
medicine based on large population study 
outcomes. 

REFERENCEs
1.  centers for Disease control and Prevention (cDc). 

Prevalence of Obesity among adults and youth: 
United States, 2011-2014. nchS Data Brief 2015; 
no 219.  

2. World health Organization (WhO). Global health 
Observatory (GhO) Data: Obesity. http://www.
who.int/gho/ncd/risk_factors/obesity_text/en/. 
Accessed 28 Oct 2016. 

3.  Ertle J, Dechene A, Sowa JP, Penndorf V, herzer 
K, Kar G, Schlaak JF, Gerken G, Syn WK, canbay 
A. non-alcoholic fatty liver disease progresses to 
hepatocellular carcinoma in the absence of appar-
ent cirrhosis. Int J cancer 2011;128(10):2436–
2443.

4.  Poirier P, Giles, TD, Bray GA, hong, Y, Stern JS, 
Pi-Sunyer, X, Eckel rh. Obesity and cardiovascular 
disease: Pathophysiology, evaluation and effect of 
weight loss. circulation 2006; 113:898-918. 

5.  Gabarino J, Sturley, Sl. Saturated with fat: new per-
spectives on lipotoxicity. current Opinion in clinical 
nutrition and Metabolic care 2009; 12:110-116.

6.  Bjorntorp P. Obesity and adipose tissue distribution 
as risk factors for the development of disease: A 
review. Infusionstherapies 1990; 17)1):24-27.  

7.  laurens c, Moro c. Intramyocellular fat storage in 
metabolic diseases. horm Mol Biol clin Investig 
2016; 26(1):43052. 

8. Després J-P. Body fat distribution and risk of car-
diovascular diease. An update. circulation 2012; 
126:1301-1313. 

9.  UK Biobank. https://www.ukbiobank.ac.uk/about-
biobank-uk/. Accessed 28 Oct 2016.

AuthOR AFFIlIAtION
Sven Enerbäck is a member of the AMrA Scientific Advisory 
Board. he declares no financial conflicts of interest.

ACkNOwlEdGEMENt 
Olof Dahlqvist leinhard, cofounder and chief 
Technology Officer, AMrA, contributed to and reviewed 
content pertaining to the AMrA Profiler technology 

Figure 2: The high resolution whole body water and fat separated imaging enables accurate and precise quantification of body composition from a rapid standardised whole 
body MR-scan. The AMRA  Profiler determines the volume of different adipose tissue compartments such as visceral adipose tissue (red) and abdominal subcutaneous adipose 
tissue (blue). From the water image, segmentations of lean muscle tissue compartments are shown with different color overlays enabling quantification of lean muscle tissue 
volume and intra- muscular fat. Also triglycerides diffusively infiltrated in other organs can be quantified, such as liver fat and pancreatic fat.

AMRA at RsNA 
There will be several presentations on 
AMrA profiling at rSnA 2016 
• Sun, Nov 27 - 11:05am
Defining Sarcopenia with MrI - 
Establishing Threshold Values within a 
large-Scale Population Study.
•  Mon, Nov 28 - 3.20pm 
Defining a ‘’healthy’’ Body composition 
Profile using MrI: normative Data 
Extracted from the UK Biobank Imaging 
cohort 3:20pm - 3:30pm
• Tue, Nov 29 - 12:15pm 
Quantitative Assessment of lean Skeletal 
Muscle hydration Using Water-Fat MrI
• Wed, Nov 30 - 3:00pm
Body composition Profiling using MrI 
- normative Data for Subjects with 
cardiovascular Disease Extracted from 
the UK Biobank Imaging cohort
• Thu, Dec 01 - 10:40am
Body composition Profiling using MrI 
- normative Data for Subjects with 
Diabetes Extracted from the UK Biobank 
Imaging cohort
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