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Abstract The prevalence of obesity and type 2 diabetes is at
epidemic proportions. Classical interventions aimed at
targeting obesity, such as reducing energy intake or increas-
ing exercise, are often not effective over the long term. In
contrast to white adipocytes, which store energy, brown
adipocytes generate heat via mitochondrial uncoupling pro-
tein 1, thereby acting as a defence against hypothermia and,
potentially, obesity. In this issue of Diabetologia, Admiraal
et al compare brown adipose tissue activation during cold
exposure between two different ethnic groups: South Asians
and Europids. The prevalence of abdominal obesity and type
2 diabetes differs among various ethnic groups and de-
creased BAT metabolic activity could be one causal factor.
As yet, the clinical impact of this ‘rediscovered’ organ is
largely unknown, but has potential as a drug target for
obesity.
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BAT Brown adipose tissue
FDG [18F]Fluorodeoxyglucose
PET Positron emission tomography
SUVmax Maximal standardised uptake value
UCP-1 Uncoupling protein 1

Brown adipose tissue: its ‘rediscovery’

Brown adipose tissue (BAT) was first detected in small
mammals and infants and defined as an adaptation to defend
against the cold and to maintain body temperature Many
researchers over the decades have thought that brown adi-
pose tissue is also important in adult humans. More than
30 years ago, autopsy studies showed brown adipocytes
around the neck arteries of adult outdoor workers [1], but
the evidence of their functionality was missing. The role of
these adipocytes remained unclear until the use of functional
imaging modalities, including positron emission tomography
(PET) with the glucose analogue [18F]fluorodeoxyglucose
(FDG) used as a tracer, became widely used in diagnostics
and the association between the deposition of supraclavicular
FDG and the cold outdoor temperature was reported [2, 3].
These FDG ‘hot spots’ were problematic for nuclear physi-
cists because the images were taken from patients with onco-
logical indications. When FDG PET imaging was combined
with analysis of biopsies taken frommetabolically active BAT
depots [4–6], BAT emerged as a physiologically active tissue
in adult humans. The several-fold increase in cold-induced
glucose uptake in supraclavicular BAT depots suggested that,
if fully activated, they have the potential to consume or burn
an amount of energy equivalent to several kilograms of fat
over the course of a year [4]. Over the past few years, this
‘re-discovery’ of BAT has stimulated a rush for researchers to
elucidate pathways that will trigger its development and
metabolic activation.

Humans have two different types of BAT: ‘classical BAT’,
found in the interscapular area in infants, and ‘inducible
thermogenic BAT’, also known as beige or brite fat [7, 8].
Image-guided biopsies of BAT depots, taken from adult
humans, confirmed by morphology and high expression of
UCP-1 [4], demonstrated that this depot consists of inducible
brown adipocytes [8]. The molecular mechanisms underlying
BAT activation and/or browning are still poorly understood.
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Several of the involved pathways and factors, such as irisin,
have been discovered [9].

Obesity, insulin resistance and BAT activity

In rodents, thermogenesis, orchestrated by BAT, is important
for weight maintenance during a high-fat diet, and in
humans, cold-induced BAT activity is inversely associated
with BMI [5, 10]. In this issue of Diabetologia, Admiraal
et al report the results of a study in which they compared
BAT activation during cold-exposure between two different
ethnic groups: South Asians and Europids [11]. In the UK,
the risk of type 2 diabetes is four- to sixfold higher in the
South-Asian population than in non-South-Asian popula-
tions [12]. This may be explained by multiple factors that
contribute to disease pathogenesis, such as an increased
susceptibility to the development of insulin resistance or
the adoption of a sedentary lifestyle. Decreased BAT activity
could also be a factor.

Admiraal et al recruited healthy young men with normal
BMIs; ten Europid and ten South Asian [11]. BAT activity
was measured after cold exposure using static FDG PET-
computed tomography scanning. Maximal standardised up-
take values (SUVmax) were used for the assessment of glu-
cose uptake. This semiquantitative method gives useful in-
formation during cold exposure, because FDG uptake into
skeletal muscle is low. The variation in SUVmax values was
high. A wide variation in values during cold exposure has
also been found when FDG data have been modelled [4, 10].
The main result of Admiraal et al was that the expected
difference in BAT activity between ethnic groups was not
found [11]. The low number of participants included in the
study may be responsible for the lack of evidence supporting
the hypothesis that BAT specifically contributes to weight
gain in the South-Asian population.

Brown adipose tissue and insulin sensitivity

In line with previous reports [10, 13], Admiraal et al [11] did
not find any correlation between whole body insulin sensi-
tivity measured using euglycaemic clamp and BAT activity.
The mechanisms by which BAT influences insulin sensitiv-
ity are indirect and complex. In humans, BAT is highly
insulin sensitive. Its glucose uptake is, on average, fivefold
higher in response to insulin stimulation compared with
fasting conditions, and similarly as insulin enhances skeletal
muscle uptake per tissue weight [13]. Moreover, insulin
stimulated glucose uptake rate in BAT correlates with
whole body M value, a measure of whole body insulin
sensitivity [10]. As a result of its lighter total tissue weight,

the contribution of BAT to whole body insulin sensitivity is
minor.

The effects of insulin stimulation and mild cold exposure
on BAT metabolism are different, although both produce a
remarkable increase in glucose uptake rate in BAT and in-
duce elevated energy expenditure [13]. Insulin increases
glucose transport into BAT, influences its storage capacity
and decreases the availability of fatty acids from the circula-
tion. In contrast, the increased glucose uptake observed
during acute cold exposure is perfusion-driven. Fatty acid
uptake in BAT is also increased [14] and, as a result of
sympathetic activation, plasma noradrenaline concentrations
and NEFA levels are elevated and plasma insulin levels are
markedly decreased [13]. Compared with lean individuals,
obese insulin-resistant individuals have blunted or absent
perfusion responses in BAT during cold [10]. Taken together,
these results indicate that a direct association between insulin
sensitivity and BAT activity is unlikely. During cold expo-
sure, thermogenesis produced by BAT, estimated using tis-
sue glucose uptake rate, is a dynamic, mostly neuronally
mediated process.

The impact of BAT on metabolism

In rodents, BAT activity and browning of adipose tissue are
crucial for thermogenesis and survival. In mice, BAT pro-
tects against diet-induced obesity, insulin resistance and type
2 diabetes. The role of BAT in humans is not fully under-
stood. According to direct measurements using FDG-PET
during cold stimulation, glucose metabolism is increased by
tenfold in supraclavicular BAT depots, suggesting a signifi-
cant increment in thermogenesis [4]. In line with this, Muzik
and co-workers found increased oxygen consumption in
activated BAT depots, but the magnitude of the increase
was too low to be clinically significant [14]. However, assess-
ment of oxygen consumption in BAT with 15O2 PET has not
been validated. The rapid oxygen kinetics and limited resolu-
tion of human PET scanners could lead to underestimated
values in small fat depots.

The distribution of brown adipocytes in the human
body is a special challenge for its research and under-
standing. Instead of more comprehensive analyses, hu-
man studies have focused on supraclavicular BAT de-
pots. The plasticity of BAT might also suggest that even
smaller BAT depots should be included into the analy-
ses in order to accurately assess BAT activity. We need
new methods to measure both BAT mass and metabolic
activity. The quantification of BAT is demanding because
BAT is a mixture of beige (brite) and white adipocytes. The
combined PET–MRI scanner is a potentially optimal tool for
further evaluation of BAT activation in clinical studies under
both normal and stimulated conditions.
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In summary, advancing human brown fat metabolic analy-
sis and quantitation with PET-MRI modalities will augment
ongoing mechanistic studies that could unlock breakthroughs
in obesity research.
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