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Imagine quantifying Brown 
Adipose tissue activity in adult 
humans: neither fat nor flesh

I t was as long ago as in 1551 that the Swiss naturalist 
Conrad Gessner described brown adipose tissue in 
marmots and called it “neither fat nor flesh”. It was 

not until 1895 that it began to be called brown fat, and this 
lasted until the 1960s before the main physiological func-
tion of this fatty tissue was finally identified: namely the 
production of heat. Thus, brown adipose tissue (BAT) uses 

energy when activated instead of storing energy, which is 
the well known function of white adipose tissue (WAT). 

BAT is a tissue that in the cold helps control the core 
body temperature of small mammals and helps to heat 
up hibernating animals upon arousal. It is also generally 
acknowledged that babies have brown fat to help them 
survive temporary periods of exposure to cold. Babies 
are vulnerable to hypothermia due to their large surface 
to volume ratio and the fact that they cannot shiver. With 
advancing age, the amount of brown fat gradually decreases 
and reaches low levels during puberty. Although anatomi-
cal studies in fact revealed the opposite, physiological stud-

ies in the 70s led to the generally accepted idea that adult 
humans do not possess any functional BAT. It was only 
with the arrival of the FDG-PET scanning technique that 
retrospective studies in cancer patients identified active 
BAT [1] [2]. In 2009 dedicated cold exposure studies inde-
pendently showed functional BAT in adult humans [3] [4] 
[Figure 1].

Because BAT is activated in the cold and, since in 
addition to fatty acids, it also takes up glucose, we can 
measure its presence and activity by cold-induced FDG 
uptake, using PET/CT. In such measurements volunteers 
or patients are exposed to a cold by means of cold air 
or a water cooled suit [5]. Since it is undesirable to have 
extra FDG uptake in muscles, the subjects are cooled until 
they start shivering whereupon they are then warmed up 
slightly, so that maximal nonshivering thermogenesis can 
be obtained (for details see Reference [5]).

BAT fUNcTIoN ANd MEchANIsMs
In response to exposure to cold, mammals can shiver to 
produce heat. However, nonshivering thermogenesis (NST) 
has the advantage that it neither disturbs coordination nor 
does it lead to fatigue. People do not even notice NST. In 
rodents BAT is the principal tissue responsible for NST. It 
generates heat from the metabolism of mainly fatty acids 
in a process called mitochondrial uncoupling, using the so-
called uncoupling protein 1 (UCP1). This protein is located 
in the inner membrane of the mitochondria of brown adi-
pocytes. UCP1 is responsible for uncoupling the electron 
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FigUre 1. Distribution of cold activated BAT on FDG-PET/CT. A high amount of active metabolism can be appreciated on the FDG-PET scan following cold 
exposure, either on the 3D maximum projection PET image (left), or on the fused PET-CT images (right) showing the dominant supraclavicular region (row C) but 
also cervical (row B), mediastinal and paravertebral (row D) active BAT localizations.
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transport chain from ATP production by 
causing an increased proton leakage over 
the mitochondrial inner membrane. In 
this way, heat is produced instead of ATP 
(for review on mechanisms see reference 
[6]).

In contrast to rodents, the contribu-
tion of BAT to NST in humans is still 
unknown. We and other groups stud-
ied cold acclimation that resulted in 
increased BAT activity [7] [8] [Figure 
2] In the majority of such studies we do 
find a relation between the BAT activity 
(as measured by FDG uptake) and NST. 
Changes in BAT activity were related 
to changes in NST. These data indicate 
that BAT may be functionally related to 
energy metabolism. 

However with the use of FDG it is 
not possible to quantify energy expen-
diture by BAT, because the main fuel is 
fatty acids derived from stored fats in the 
lipid droplets of the brown adipocytes 
and from fatty acids from the circulation 
[9]. Therefore alternative tracers or tech-
niques are needed. 

Additionally, in recent years animal 
studies identified different types of 
brown fat, the so-called classical brown 
adipocytes and beige adipocytes. Their 
developmental origin may be different 

and also their anatomical location may 
differ. Most classical brown fat depots in 
humans are in the neck region, supracla-
vicular and along the spines. However, 
beige cells may be interspersed in WAT. 
Indeed it has been shown that human 
BAT also has a beige signature [10]. 
Although the debate is still ongoing as 
to what extent human BAT cells belong 
to the classical or the intermediate ‘beige’ 
adipocytes, the depots in WAT are prob-
ably small and therefore are below the 
detection limits of the current FDG-PET 
method. 

BAT IMAGING TEchNIqUEs ANd 
fUTUrE IMAGING procEdUrEs
With the onset of new technologies we 
can further explore the quantitative con-
tribution of brown fat in energy, fat and 
glucose metabolism in health and dis-
ease. While the acquisition parameters 
of the FDG-PET scan are similar to those 
in oncology studies, more advanced 
processing techniques are necessary to 
estimate the amount of active BAT from 
the PET/CT scan. In general, this can be 
done from a dynamic scan by pharma-
cokinetic modeling and/or of the total-
body by fixed or threshold determined 
volumes-of-interest (VOI’s) [4]. Indeed, 

as figure 1 shows, active BAT is most 
prominent in the supraclavicular area, 
but other pockets are widely dispersed 
in the body, such as cervical, axillary, 
acromial-clavicular, mediastinal (para-
tracheal, para-oesophageal, prevascular, 
pericardial, in the interatrial septum and 
in the azygo-oesophageal recess), inter-
costal, or abdominally (retrocrural, peri-
adrenal, perirenal, mesenteric, omental, 
perihepatic). Because these areas may 
show a different role and response in 
individual glucose and fat metabolism, 
the main advantage of using imaging is 
to achieve a compartmental modeling of 
individual metabolism. 

In time, it may be possible to perform 
a metabolic profiling of patients, for 
example to assess prognosis and therapy 
prediction in disturbances of metabolism 
such as obesity, diabetes, atherosclerosis 
and cachexia. In this context, the advent of 
PET/MRI may be a major move forward 
in fat (and muscle) metabolic imaging, 
because multiple functional characteris-
tics can be simultaneously studied [Figure 
3], [11, 12]. On the other hand the use of 
new radiopharmaceutical developments 
may permit adding to the data that have 
already been acquired on the glucose 
metabolism of fat and BAT by FDG-PET. 

FigUre 2.  The effects of cold acclimation on BAT activity. The results of 18F-FDG-PET/CT-imaging in a female subject [7]. The left image taken before (PRE) and the right 
image taken after (POST) the cold acclimation period. Higher 18F-FDG uptake in the supraclavicular, axillary and paravertebral areas was found in the POST scan.
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Such new “tracers” may focus on alterna-
tive metabolic pathways such as fatty acid 
metabolism (e.g. FTHA or fluoro-thio-
heptadecanoic acid), adrenergic activity 
(such as FDA or fluoro-dopamin, MIBG 
or meta-iodobezylguanidin), or mito-
chondrial activity (such as sestamibi) [13]. 

The development of these new tech-
niques and tracers is crucial for our 
deeper understanding of the function 
and quantification of the role of brown 
adipose tissue in adult humans.
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MRI: Basic Principles and Applications, 5th Edition
By Brian M. Dale, Mark A. Brown, Richard C. Semelka 
Pub. by Wiley-Blackwell 2015, 240 pp, € 62.50

Book review

This fifth edition of the most accessible 
introduction to MRI’s  principles and appli-
cations from renowned teachers in the field 
provides an understandable yet comprehensive 
update:.

•Accessible introductory guide from experts 
in the field

•Provides a concise yet thorough introduc-
tion for MRI focusing on fundamental physics, 
pulse sequences, and clinical applications with-
out presenting advanced mathematics.

•Takes a practical approach, including 
up-to-date protocols, and supports techni-
cal concepts with thorough explanations and 
illustrations

•Highlights sections that are directly rel-
evant to radiology board exams

•Presents new information on the latest 
scan techniques and applications including 3 
Tesla whole body scanners, safety issues, and 
the nephrotoxic effects of gadolinium-based 
contrast media

FigUre 3.  Analysis of BAT activation by T2* MRI imaging compared with PET. Images show an overlay of a color-coded activation map of the supraclavicular/cervical fat 
depot onto an axial slice of a T1-weighted MRI image (upper image). Below is a scatterplot of BAT activation as measured by PET (FDG uptake in kilobecqerels per milliliters) 
and MRI (the fraction of activating pixels in the supraclavicular/cervical ROI)


