
MRi

using Magnetic Resonance 
Imaging to measure brown  
adipose tissue in humans
 The growing epidemic of obesity and its dramatic effects on health has 
stimulated much research into several aspects of lipid metabolism. One par-
ticularly active research area is that of Brown Adipose Tissue (BAT), one of 
whose properties is the generation of heat through lipid metabolism.  One 
hypothesis is that obesity is linked to a malfunction of BAT. 

Research in this area has been hampered up until now by the difficulty of 
imaging BAT and distinguishing BAT from white adipose tissue. 

This article reviews the field and describes how recent MRI protocols can 
contribute to a better understanding of in vivo BAT physiology 

Obesity is a modern epidemic affecting more than 
35% of adults worldwide in the 2010s. As obesity often 
gives rise to high risk of coronary cardiac disease and 
type 2 diabetes mellitus, prevention and treatment of 
obesity becomes an urgent worldwide socio-medical 
issue. Apart from using dietary and physical exercise to 
control calorie contribution to body weight, researchers 
have found that brown adipose tissue (BAT, or brown 
fat) burns fat to maintain body heat and thus may con-
tribute to the regulation of  weight gain.
As opposed to white adipose tissue (WAT, or white fat), 
BAT is notably distinguishable by its high content of 
mitochondria, water, and blood vessels. BAT facilitates 
thermogenesis via fueling fatty acids to activate a spe-
cial uncoupling protein (UCP-1) in the mitochondria to 
generate heat [1-4]. The energy burning feature of BAT 
and the evidence of inverse-correlation between BAT 
metabolism and body mass index (BMI) [5-9] have given 
rise to the hypothesis that obesity may be linked to BAT 
malfunction. However, imaging and identifying BAT mass 
and function in vivo and non-invasively have long been 
hindered by the lack of imaging contrast between BAT 
and WAT. 
A breakthrough arose with the combination of PET and 

CT scans, in particular using cold-activated 18F-FDG PET 
to locate BAT activity within the general fat area allo-
cated by CT scan. However, interpretation of the PET-CT 
results can be challenging  for several reasons:
 1) PET-CT is insensitive to the detection of BAT when 
there is no cold challenge (thermoneutral state) 
2) changes in the 18F-FDG signal can arise from either 
changes in BAT mass or in BAT metabolism
In addition there is the problem of  high radiation expo-
sure in the PET-CT dual scan. In the past several years, 
several research groups have successfully demonstrated 
the use of magnetic resonance imaging (MRI), to detect 
intrascapular BAT (iBAT) mass at the thermoneutral 
state as well as iBAT metabolic activity in the response 
to cold stress in humans. 

MRi dEtECtion oF BAt MAss
Over the past decade, various MRI methods have been 
introduced for the detection of the existence of BAT in 
humans. MRI distinguishes the mass of BAT and WAT on 
the basis of two major factors: 
1). BAT has higher water-to-fat ratio than WAT does. 
2. BAT is rich in mitochondria and blood vessels, and thus has 
higher magnetic field susceptibility within the tissue [10-12].  
Several research groups have reported that MRI can detect 
BAT mass based on the fat-water signal ratio [13-17], T1 
relaxation, T2* relaxation [11, 13, 18, 19], and intermolecular 
zero-quantum coherence spectroscopy and imaging [20, 21]. 
In this article we present some of MRI protocols available 
in most clinical settings to detect BAT mass in human 
subjects. 
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MRI

Water-fat ratio method 
The ratio of water and fat in tissue can be 
assessed using water and fat images pro-
duced by “Dixon method” (also referred 
to as chemical-shift MRI or IDEAL) [22-
25]. Images of fat and water are derived 
from images obtained at multiple echo 
times when fat and water signals are 
at different composition of phases. 
As BAT is higher in water content, its 
mass can thus be segmented according 
to water-to-fat contrast. Such a water-
fat ratio method allows the detection 
of BAT mass at a thermoneutral state. 
Hu et al first demonstrated the detec-
tion of intracapsular BAT (iBAT) via 
intrinsic fat-signal ratio in infant cadav-
ers and subsequently in living children 
and adults [13-15]. Chen et al used the 
Dixon method to identify thermoneu-
tral iBAT mass showing iBAT at similar 
locations as identified by cold-activated 
18F-FDG PET-CT scans in the same sub-
jects [16]. van Rooijen et al also reported 
the detection of iBAT in adults using 
the water-fat ratio approach and showed 
that iBAT and WAT had ~65% and ~81 
% of fat, respectively [17].
 Figure 1 shows examples of the detec-
tion of iBAT mass using the water-fat 
ratio method.

Water suppression efficiency (WATS) 
The high water-to-fat ratio in BAT 
makes the “water-suppression” routine 
effective in distinguishing BAT from 
WAT using typical anatomical MRI pro-
tocols such as fast-spin echo (FSE) and 
traditional spin echo (SE) [26]. Figure 
2 shows that the location of iBAT mass 
can be identified by contrasting the sig-
nal intensity with and without water-
suppression (the same subject as in fig-
ure 1 A and B). Note the similar map for 
iBAT mass identified by Dixon method 
and by water suppression efficiency — a 
double insurance for parcellating BAT 
using MRI.

MRi dEtECtion oF BAt ACtivitY
It has been shown that several factors, 
including body-mass index (BMI), sea-
sonal temperature, age, can influence the 
degree of iBAT mass/activity detected by 
cold-activated 18F-FDG PET-CT exami-
nation. However, it is not clear whether 
the changes in 18F-FDG detected iBAT 
activity are due to changes in the size 
of iBAT mass or in the degree of iBAT 
metabolism. 

Could MRI be able to provide a better 
clue? Functional MRI (fMRI) detects 
metabolite activity via the measurement 
of hemodynamic changes associated 
with blood flow change as well as oxy-
genation demand. Although fMRI is tra-
ditionally used for neuronal activity, it is 
equally powerful for detecting metabo-
lite activity in non-brain organs, such as 
in BAT [19]. BAT requires glucose and 
oxygen to be delivered rapidly through 
the blood stream when BAT mitochon-
dria are active, such as under cold stress. 
Chen et al [16] reported that fMRI signal 
increases in iBAT area upon cold stimu-
lation: switching from room temperature 
(30 minutes) to mildly cold stimulation 
(55~60°F, 60 minutes) through a water-
circulating jacket [Figure 3]. van Rooijen 

et al also reported correlation of fMRI 
signal to a cooling protocol in iBAT [17], 
although both positive and negative cor-
relations were observed in iBAT. Both 
Chen and van Rooijen reported a large 
degree of MR signal increases in iBAT  
— more than what is typically observed 
in brain [16, 17]. The magnitude of MR 
signal changes in iBAT may be traced to 
increased hemodynamic response to the 
higher metabolic activity, increased tis-
sue temperature due to thermogenesis, 
and changes T1 relaxation time.

ConClusion
With preliminary tests successfully com-
pleted on a limited number of subjects, 
we have shown the potential of using 
MRI to access iBAT mass and function, 

FigUre 1. The use of the water-fat ratio method to detect iBAT mass in adult subjects.  Top left.  iBAT mass 
of a lean subject was detected via degree of water content in fat area using Dixon method.  Blue tone: water 
image, green tone: fat image, red: water-fat contrast (indicator for BAT) [16]. Top Right.  iBAT was identified by 
cold-activated PET-CT scans in the same general [16]. Grey tone:  CT; Red tone: 18F-FDG.   Note the subject 
was “arm-up” in PET-CT and “arm-down” in MRI.  Bottom Left. Hu et al [13]  showed the detection of iBAT mass 
(white outlined areas) via “fat-signal fraction” in lean (top) and overweight (bottom) adult subjects (pictures 
modified from figure 4 in [13]. 

FigUre 2.  BAT mass is identified by degree of water saturation in the fat area [16]. BAT identified by WATS 
method locates at the same general areas as identified by Dixon method  in Figure 1A.
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and foresee some potential applications of applying the MRI 
protocol in clinical settings. 
By using proper sequences and parameters, MRI/fMRI has 
advantages over the PET 18F-FDG/CT approach due to its 
more precise spatial and temporal resolutions. The PET/CT 
approach relies on the overlap of CT fat signals and PET 
18F-FDG signals to locate BAT. However, both CT fat signal 
and 18F-FDG are not unique to BAT due to high background 
signal. On the other hand, the MRI method uses specific tis-
sue properties within fats to separate BAT from WAT from the 
same snapshot of images and thus provides higher accuracy in 
BAT segmentation. The combination of anatomical MRI and 
functional MRI also provides a chance to evaluate the degree 
of iBAT mass that is metabolically functional. This opens up 
the possibility to investigate if obese/overweight subjects or 
diabetes patients suffer from either reduced amount of iBAT 
mass (via anatomical MRI) or iBAT which is not fully func-
tional (via fMRI). In other words, we will be able to investigate 
if any portion of iBAT mass is dormant in a diseased state, in 
warm weather, or in populations with high BMI. fMRI also 
provides a chance to evaluate iBAT activity dynamically —  a 
feature that the traditional 18F-FDG will not be able to achieve. 
Overall, combining anatomical MRI and functional MRI will 
enable us to better understand the physiology of BAT in vivo, 
to investigate the role of BAT in energy balance, and to assess 
the potential of BAT thermogenesis for treating obesity and 
metabolic diseases.
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FigUre 3. fMRI detection of BAT activity upon cold challenge. (A) Color map indi-
cates the degree of BOLD signal increases (red-yellow map) upon cold significant 
[16].  BOLD signal increases were found in the BAT area and skin.  (B) and (C) van 
Rooijen et al demonstrated with fMRI that iBAT showed either a positive or negative 
correlation to cooling protocol [17].  (B) Example of a component identified by 
the ICA (black circles). The blue areas indicate the time points during which the 
participants were exposed to cooling and mild cold conditions. (C) Overlay of a 
color-coded activation map of the supraclavicular/cervical fat depot onto an axial 
slice of a T1-weighted MRI image. ((B) and (C) are from Figure 5 of [17])


