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 Brown adipose tissue (BAT) collectively refers to

 Classic brown fat (constitutively expressing UCP-1 in 

mitochondria)

 Beige fat (brown fat-like adipose tissue derived from 

white fat with induced UCP-1 expression); otherwise 

also known as ‘Brite’ fat (brown-in-white)

White adipose tissue (WAT)   



 When maximally activated, BAT can generate up to 300W/kg of 
tissue (Cannon and Nedergaard, 2004)

 Adults possess BAT that may be critical for normal energy 
expenditure and body weight (Symonds, 2013, van Marken
Lichtenbelt et al., 2009, Cypess et al., 2009, Lidell and Enerback, 
2010, Stephens et al., 2011, Saito, 2013, Carey and Kingwell, 2013)

 WAT is a potential depot for transformation into BAT-like fat 
(beige/brite) via browning (Wu et al., 2012, Spiegelman, 2013, 
Bostrom et al., 2012)

 Browning and BAT activation occur via both endogenous (eg. 
thyroid hormone) and exogenous (eg. cold, capsinoids, exercise) 
triggers which can potentially tackle metabolic syndrome and 
obesity (Young et al., 1984, Bostrom et al., 2012, Rao et al., 2014)



Lancet Diabetes Endocrinol 2014; 2: 210-217.



The open dots indicate the study group ranging from lean to morbidly obese 

obese (age range: 18–32 years; van Marken Lichtenbelt et al., 2009) and the 

red dots indicate a second group of morbidly obese subjects (age range: 25–

51 years; Vijgen et al., 2011). 







• 18-FDG PET/CT is current 
‘gold-standard’ of assessing 
BAT activity, but limitations:
– High ionizing radiation 

exposure

– Prohibitively high cost

• Infrared thermography (IRT) 

• Non-invasive, cheap, safe

• Effective alternative for 
detecting human BAT in vivo

• Captures heat-producing 
capacity of BAT



Functional MRI Infrared Thermography (IRT)

Ideally, aim for Faster, Better, Cheaper & Safer method – IRT satisfies 

these criteria!



 Infrared thermogram video showing human BAT 
activation by cold stimulation over 10 mins
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• Image processing algorithm – Seed Region Growing 
(SRG); collaborated with I2R scientists 

• Peak temp pixel identified – grow & define ROI over 
supraclavicular BAT

• Allows quantification of area and average 
temperature of ROI
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 IRT + MRI validation against 18-FDG-PET

 N=20 healthy euthyroid lean to obese 

 (BMI 18.5 to 30 kg/m2) 

 Age 21-65 yo

 Males & Females without a history of thyroid disease

 No ethnic restrictions (Chinese, Malays, Indians, 

Caucasians)



 20 healthy subjects 

 Age: 25.9 ± 4.1 years 

 M:F = 8:12

 BAT-positive by FDG-PET = 12 

All subjects Male Female P value

n 20 8 12

Age (years) 25.9 ± 4.1 25.8 ± 4.1 25.9 ± 4.3 NS

Height (cm) 168.5 ± 8.9 175.0 ± 5.4 164.2 ± 8.2 0.004

Weight (kg) 62.5 ± 12.6 70.5 ± 12.7 57.1 ± 9.8 0.015

BMI (kg/m2) 21.7 ± 2.5 22.9 ± 3.0 20.9 ± 1.8 NS

Body fat (%) 29.2 ± 8.0 23.4 ± 6.6 33.2 ± 6.3 0.004

Fat Mass (kg) 18.4 ± 7.5 17.1 ± 7.6 19.3 ± 7.6 NS

Fat free Mass (kg) 43.6 ± 9.5 53.0 ± 6.9 37.4 ± 4.3 <0.001

RMR (kcal/day) ^ 1533 ± 271.0 1752.5 ± 245.5 1386.7 ± 173.6 0.001





3 BAT positive subjects via FDG-PET by cold stimulation (upper half 

panels); SUV of capsinoid stimulation (lower half panels) was below 

the cutoff for definition of BAT positivity but clearly showing BAT 

FDG uptake when re-windowed through varying the greyscale values 

of the displayed window without adjusting the SUV thresholding



Capsinoids activate BAT with increased 

energy expenditure associated with 

subthreshold 18F-FDG uptake in BAT-

positive humans confirmed by PET scan.

Am J Clin Nutr 2017

Sun LJ, Goh HJ, Govindharajulu P, 

Camps SG, Velan SS, Schaefferkoetter

J, Totman J, Townsend DW, Sun L, 

Sze NS, Lim SC, Boehm BO, Henry CJ, 

Leow MK.





BAT regions

18F-FDG-PET image co-registered with IRT thermogram of a healthy 

volunteer proven BAT-positive. Both images are superimposed upon 

each other with the help of the maximum intensity projection (MIP) 

algorithm





r=-0.554
p=0.021

0

20

40

60

80

100

120

140

160

180

50 60 70 80 90

c
o
ld

 e
x
p
o
su

re
 d

u
ra

ti
o
n
 (

m
in

s)

Fat fraction (%)

A



r=-0.628
p=0.012

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

50 55 60 65 70 75 80 85 90

P
E
T
 S

U
V
 m

e
a
n

Fat fraction (%)



r=-0.608
p=0.01

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

50 55 60 65 70 75 80 85 90

H
O

M
A
-

IR
 

FF  after cold (%)

D



 PET SUV was significantly higher after cold 

stimulation than capsinoids ingestion (P=0.02).

 EE post-cold stimulation was significantly higher 

than post-capsinoids stimulation (P<0.01).

 Tscv post-cold was strongly correlated with EE 

(coefficient=198, P=0.025). 

 PET SUV was significantly inversely correlated 

with FF (r= 0.628, P=0.012).



 The supraclavicular hotspot identified on IRT 

closely corresponds to the area of maximal 

FDG uptake on MR-PET images.

Greater increase in Tscv and higher PET SUV 

were associated with higher increase in EE 

response after cold exposure. 

 IRT is a promising method to study BAT 

activity noninvasively.
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