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Brown adipose tissue detected by PET/CT imaging is
associated with less central obesity
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Purpose This retrospective review was performed to
determine whether patients with brown adipose tissue
(BAT) detected by fluorine-18-fluorodeoxyglucose
('®F-FDG) PET/computed tomography (CT) imaging have
less central obesity than BMI-matched control patients
without detectable BAT.

Patients and methods Thirty-seven adult oncology
patients with '®F-FDG BAT uptake were retrospectively
identified from PET/CT studies from 2011 to 2013. The
control cohort consisted of 74 adult oncology patients
without detectable '®F-FDG BAT uptake matched for BMI/
sex/season. Tissue fat content was estimated by CT density
(Hounsfield units) with a subsequent noise removal step.
Total fat and abdominal fat were calculated. An automated
separation algorithm was utilized to determine the visceral
fat and subcutaneous fat at the L4/L5 level. In addition, liver
density was obtained from CT images. CT imaging was
interpreted blinded to clinical information.

Results There was no difference in total fat for the BAT
cohort (34 151) compared with the controls (34+161)
(P=0.96). The BAT cohort had lower abdominal fat to total
fat ratio compared with the controls (0.28 £ 0.05 vs.

0.31 £0.08, respectively; P=0.01). The BAT cohort had a
lower visceral fat/(visceral fat 4+ subcutaneous fat) ratio

Introduction

Obesity is a global health problem, with more than half a
billion adults affected by obesity worldwide [1]. Obesity
1s associated with increased risks for numerous diseases.
Notably, abdominal obesity is a risk factor for the meta-
bolic syndrome [2,3]. When first diagnosed, patients with
the metabolic syndrome have twice the risk of develop-
ing cardiovascular disease over the next 5-10 years and
they have a five-fold increased risk for type 2 diabetes
mellitus compared with patients without the syndrome
[4-7].

The location of the abdominal fat (AF) is an important
risk factor for the metabolic syndrome. Studies indicate
that abdominal visceral fat (VF) is more closely associated
with the metabolic syndrome than subcutaneous fat (SF)
[8,9]. Nonalcoholic fatty liver disease (NAFLD) is asso-
ciated with an increased risk of metabolic syndrome in
increased VF (ref) and most patients with NAFLD have
one or more features of metabolic syndrome [10].
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compared with the controls (0.30+0.10 vs. 0.34+0.12,
respectively; P=0.03). Patients with BAT had higher liver
density, suggesting less liver fat, compared with the
controls (51.31 7.5 vs. 471 £ 70 HU, P=0.003).

Conclusion The findings suggest that active BAT detected
by '®F-FDG PET/CT is associated with less central obesity
and liver fat. The presence of foci of BAT may be protective
against features of the metabolic syndrome. Nuc/ Med
Commun 00:000-000 Copyright © 2017 Wolters Kluwer
Health, Inc. All rights reserved.
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Brown adipose tissue (BAT) has been shown to generate
body heat in mammals (thermogenesis), and it is con-
sidered as a natural defense against hypothermia and is
protective against obesity [11-13]. However, its role in fat
metabolism is unclear. BAT is a sympathetically inner-
vated organ rich in mitochondria that expresses uncou-
pling proteins that direct metabolic energy into heat
rather than ATP synthesis [14,15]. Recent studies in
mice have shown a potentially important role for BAT in
fat metabolism [16]. Differences in BAT in mice have
been implicated in the risk of developing features of the
metabolic syndrome [17].

BAT has high metabolic activity and is detectable by
fluorine-18-fluorodeoxyglucose (**F-FDG) PET/com-
puted tomography (CT) imaging. ""F-FDG uptake by
BAT has been reported in the cervical, supraclavicular,
mediastinal, paraspinal, and perinephric regions of adults
[18-20]. The prevalence of '"F-FDG BAT uptake in
patients ranges between 2.5 and 8.5%, with a female and

DOI: 10.1097/MNM.0000000000000691

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:mosman@slu.edu

2 Nuclear Medicine Communications 2017, Vol 00 No 00

cold weather predominance, and its presence is asso-
ciated inversely with age and BMI [18-22].

In this investigation, we tested the hypothesis that
patients with BAT detected by "F-FDG PET/CT
imaging have less central obesity compared with BMI-
matched control patients without detectable BAT at the
time of "*F-FDG PET imaging.

Patients and methods

"This study received institutional review board approval
for a retrospective study of PET/CT and clinical data.
The need for written informed consent was waived.

Patient selection

We performed a retrospective review of 4458 consecutive
BF-FDG PET/CT reports of oncologic patients from a
single institution between 2011 and 2013 to identify
studies with '""F-FDG uptake by BAT and matched
patients for the control cohort. The control cohort con-
sisted of two patients for each patient with BAT for a
total of 74 controls patients matched for sex and
BMI+£10%. Furthermore, because BAT is increased by
cold temperature exposure, we matched the BAT and
control cohorts for the month in which the PET/CT
study was carried out (essentially matched for season).

Inclusion and exclusion criteria

From the 4458 consecutive '*F-FDG PET/CT reports,
there were 46 unique adult patients (age>21 years)
whose PE'T/CT reports specified the presence of BAT.
Seven patients with "®F-FDG avid liver lesions were
excluded. After review of the images, one patient was
excluded for only negligible PET/CT evidence of BAT
reported in the paravertebral region. Another was exclu-
ded as "F-FDG uptake was associated with interatrial

Table 1 Patient characteristics
Brown fat patients Control patients P-value
Sex [n (%)1?
Female 21 (56.8) 42 (56.8) 0.51
Male 16 (43.2) 32 (43.2)
Age (years)®
Mean+ SD 50+16 52+14 0.17
Median (range) 51 (22-84) 54 (20-83)
Race [n (%)]°
White 30 (83) 56 (76) 0.52
Black 6 (17) 18 (24)
Unknown 1 (NA) 0
BMI (kg/m?)°
Mean+ SD 27+7 27+6 1.00
Median (range) 26 (18-43) 26 (16-43)
Weight (kg)®
Mean+ SD 78+ 21 79+ 23 0.84
Median (range) 74 (49-130) 74 (45-149)
Height (m)®
Mean+ SD 1.7+0.1 1.7+0.1 0.80
Median (range) 1.7 (1.5-1.9) 1.7 (1.5-1.9)

@P-value determined by a one-sample binomial test.
®P-value determined by a t-test.
°P-value determined by Pearson’s y*test.

lipomatous hypertrophy. Therefore, 37 confirmed cases
of adult BAT patients without '"*F-FDG avid liver lesions
were included in this study. The F-FDG PET/CT
scans of control patients were reviewed to confirm the
reported absence of BAT.

PET/CT imaging

An intravenous injection of 5.18 MBq/kg (0.14 mCi/kg)
"F_-FDG was administered to patients with a blood glucose
level less than or equal to 200 mg/day after fasting for at least
4 h and in accordance with the standard protocol, all patients
were offered a warm blanket to suppress BAT "F-FDG
uptake and thus improve PET/CT interpretation. Patients
sat in a quiet room during the 60 min uptake phase and were
instructed to remain quiet and refrain from physical activity.
All scans were acquired using a Gemini 'TF (Philips Medical
Systems; Philips, Andover, Massachusetts, USA) PE'T/C'T
scanner. The PET component of the PET/CT scanner is
composed of lutetium—yttrium oxyorthosiicate-based crys-
tals. Structural information was obtained from the images
inferred from 64-slice multidetector helical C'T' component
of the PE'T/CT scanner without oral or intravenous contrast.
CT imaging data were used for anatomy localization by
image fusion and the CT transmission map generation. The
field of view was from the top-of-head to the bottom-of-feet.
"The reconstruction process in the scanner was based on the
3D row action maximum likelihoood algorithm [23].

Image analysis

PET/CT images were evaluated retrospectively on the
Gemini TF Extended Brilliance Workstation (Philips
Medical Systems, Andover, Massachusetts, USA) by a
board-certified nuclear medicine physician to confirm the
presence or absence of BAT as stated in the PET/CT
reports of the patients included in the study. Furthermore,
BAT regions were identified by thresholding the PET
images with standardized uptake value more than 2, and
then applying logical ‘AND’ operation to the fat mask
(obtained from CT experiments). A state-of-the-art co-
segmentation algorithm was used to determine the
boundaries of BAT regions in 3D [24]. Total fat (TF) tis-
sue volume (TF) was determined by a thresholding
approach on whole 3D CT images using an interval of
—190 to —30 HU. AF was calculated once the abdominal
region was separated from the whole-body CT using an
anatomical region of interest definition for the abdomen.
VF and SF were assessed at the LL4/LL5 level according
to the standard protocol. We have used an automated
method for separation of VF and SF, followed by an
expert inspection and correction when necessary [25].
Furthermore, liver and spleen density information were
recorded as well after appropriate region of interests
were placed in the organs that avoided vascular structures.
The CT measurements of the average density of the liver
and spleen were obtained using regions of interest of 20
and 10 mm diameter, respectively. The density of the
spleen in six control cohort patients could not be obtained
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Fig. 1

Brown fat on PET/CT with less obesity Green et al. 3

Representative brown adipose tissue PET/CT Images. PET/CT images from a 57-year-old obese (BMI=42.6) White female patient with thymic
carcinoma who had a PET/CT study in the summer. The patient was imaged from the top of the skull to the mid-thighs. The first image is a maximal
intensity projection PET image. Rows (a—d) show the transaxial PET, fused, and CT images respectively. The images show fluorine-
18-fluorodeoxyglucose brown adipose tissue uptake (arrows) in the cervical (row a), supraclavicular (row b), axillary (row b), paraspinal (row c), and

para-aortic (row d) regions.

Table 2 Total fat and abdominal fat

Brown fat patients Control patients P-value*
TF () 34+15 34+16 0.96
AF (I) 9.9+54 11.1+£6.5 0.17
AF/TF 0.28+0.05 0.31+0.08 0.01
AF, abdominal fat; TF, total fat.
*P-value determined by a t-test.
Table 3 Visceral fat and subcutaneous fat

Brown fat patients Control patients P-value*

VF (cm?) 124+ 71 145+84 0.09
SF (cm?) 299+ 157 289+ 161 0.74
VF/(VF + SF) 0.30+£0.10 0.34+0.12 0.03

SF, subcutaneous fat; VF, visceral fat.
*P-value determined by a t-test.

because of previous splenectomy. C'T' imaging was inter-
preted blinded to clinical information.

Patient characteristics and data collection

The PET/CT reports were reviewed to identify the sex
and age for each patient. The stored data from PET/CT
acquisition included the patient’s height and weight on
the date of the study. BMI was calculated using the

formula weight(kg)/heightz(mz). Race was determined by
review of the patient’s medical record.

Statistical methods

The mean differences in age, height, weight, and BMI
between the BAT and the control cohort were compared
using Student’s 7-test analysis. A Pearson’s y*-test was
used to test associations between racial categories and the
two cohorts. Sex distribution was examined using a one-
sample binomial test. The TF, AF, ratio of AF/TF, VF,
SF, ratio of VF/(VF +SF), and liver density of the two
cohorts were compared using Student’s 7-test.

Results

Patient characteristics

The BAT cohort was mostly White (83.3%), middle aged
(49£ 16 years), and with a mean BMI of 27i7kg/m2.
The average age of the control cohort was 54+ 14 years,
not statistically different from the BAT cohort (P=0.17).
There was no statistically significant difference between

the two cohorts for sex, race, BMI, height, and weight
(Table 1).

Prevalence of brown adipose tissue
Figure 1 shows representative PET/CT images for a
BAT patient. The majority of the BAT cohort had at least
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Fig. 2

BMI 22.1

VF/(VF+SF)=0.26

BMI 23.3

VF/(VF+SF)=0.34

Representative visceral fat (VF) and subcutaneous fat (SF) images of normal BMI brown adipose tissue (BAT) and control patients. Left, a 563-year-old
White woman (BMI=22.1) with gastric adenocarcinoma. Right, a 54-year-old Black woman (BMI=23.3) with ductal adenocarcinoma of the
pancreas. Both of these PET/CT studies were carried out in the spring. (a) Maximal intensity projection PET image, (b) volume rendering image, (c)
transaxial CT image at the umbilicus, and (d) transaxial CT image at the umbilicus with VF (red) and SF (green) highlighted.

two regions of BA'T', with the most common region being
the supraclavicular region. The prevalence of BAT in
patients studied from 2011 to 2013 was ~ 1%.

Total fat and abdominal fat

Table 2 shows a summary of the TF and AF data for the
two cohorts. There was no difference in TF for the BAT
cohort (34%+151) compared with the controls (34+161)
(P=0.96), which was expected as the BA'T" cohort and the
control cohort were matched for BMI. There was no dif-
ference in AF between the BAT cohort (9.9+5.41) and the
controls (11.1+6.51) (P=0.17). However, the BAT cohort
had a significantly lower ratio of AF/TF (0.28+0.05)
compared with the controls (0.31+0.08) (P=0.01).

Visceral fat and subcutaneous fat
The BAT cohort had a significantly lower ratio of VF/
(SF + VF) compared with the controls (0.30£0.10 vs.

0.34+0.12, respectively; P=0.03). VF in the BAT cohort
(124+71cm? was not different from the controls
(145 + 84 cm?) (P=0.09). There was also no difference in
SF for the BAT cohort (299+ 159 cm?) compared with
the controls (289+ 161 cm?) (P=0.74). These results are
shown in Table 3 and representative images are shown in
Figs 2 and 3.

Liver density

The BAT cohort had higher liver density compared with
the control cohort (51.3x£7.5 wvs. 47.1£7.0HU)
(P=0.003). The BAT and control cohorts did not show
definite evidence of NAFLD as evidenced by visually
decreased liver density on CT and there were no
cases where the liver density was less than the spleen
density.
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Brown fat on PET/CT with less obesity Green et al. 5

(a)

.
-

BMI 40.6

VF/(VF+SF)=0.18

BMI42.6

VF/(VF+SF)=0.17

Representative visceral fat (VF) and subcutaneous fat (SF) images of obese BMI brown adipose tissue (BAT) and control patients. Top, a 57-year-old
White woman (BMI=42.6) with thymic carcinoma. Bottom, a 57-year-old Black woman (BMI=40.6) with adenocarcinoma of the colon. Both of
these PET/CT studies were carried out in the summer. (a) Maximal intensity projection PET image, (b) volume rendering image, (c) transaxial CT image
at the umbilicus, and (d) transaxial CT image at the umbilicus with VF (red) and SF (green) highlighted.

Discussion

Studies in mice have shown an inverse correlation
between active BA'T and obesity. Mice that express
markedly less uncoupling protein 1 (UCP1) developed
obesity, hyperglycemia, and insulin resistance when
subjected to a high-fat diet compared with mice expres-
sing a higher level of UCP1 [16]. Also, the mice with
higher levels of UCP1 expression showed significantly
more BAT in intermuscular depots [17]. Human studies
have shown an inverse relationship between BMI and
F-FDG BAT uptake [18,19,22]. This study is unique in
that it examined the relationship between BAT and body
fat distribution in humans. Our results indicated a sig-
nificantly lower ratio of AF/TF and VF/(VF +SF) in
patients with active BAT as assessed by '*F-FDG PET/
CT studies compared with BMI-matched controls with-
out active BAT. The results are important, given that
central obesity is a major risk factor for the metabolic
syndrome and its associated comorbidities. Prospective
human studies need to be carried out to verify these
results and assess for health problems associated with
obesity.

The BAT of mice has been shown to oxidatively meta-
bolize fat from triglyceride-rich lipoproteins by thermo-
genesis during extreme cold exposure [21]. This is
different than white adipose tissue, which incorporates

fatty acids from triglyceride-rich lipoproteins into stored
triglyceride [26]. Our data showing a higher liver density
in the BAT cohort versus controls supports the idea that
diversion of fat to oxidative pathways in BAT may reduce
the amount of fat in the liver. Although this study did not
show overt evidence of NAFLD by CT in either the
BA'T or the control cohorts, C'T imaging is not as sensi-
tive for detecting minor degrees of liver fat [27].

A review by Neuschwander-Tetri [28] challenges the
idea that nonalcoholic steatohepatitis, the form of
NAFLD at greatest risk for progression to cirrhosis, is
caused by triglyceride accumulation in hepatocytes
leading to oxidant stress, inflammation, and fibrosis.
More important is the source of and fates of fatty acids in
the liver, with the best therapies focused on interventions
that limit fatty acid exposure in the liver because of
increased flux from lipolysis of adipose TG or de-novo
lipogenesis in the liver [28].

BAT is one tissue that can oxidatively metabolize fatty
acids and thus reduce the flux to the liver. BAT is under
adrenergic control and has a predominance of
B3-adrenergic receptors [29]. B3-Agonists are a class of
drugs that can potentially stimulate BA'T. Cypess ¢z a/.
[30] reported a clinical trial of men treated with high
doses of oral mirabegron, a f3-adrenergic receptor agonist
approved for the treatment of overactive bladder,
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showing higher BAT metabolic activity and increased
resting metabolic rate compared with treatment with
placebo [30]. The limitation in using P3-adrenergic
receptor agonists is their lack of selectivity (i.e. stimula-
tion of Pl-adrenergic receptors) and potential adverse
cardiovascular effects.

Cold exposure may increase BAT and nonshivering
thermogenesis in humans [31,32]. Therefore, cold-
induction therapy could be an option to help maintain
significant deposits of active BA'T into adulthood to treat
metabolic diseases.

A limitation of this study is that it was retrospective and
we could not acquire quantitative data on nonshivering
thermogenesis, energy expenditure, and fasting lipid
panels to assess for dyslipidemia. Another limitation is its
small sample size. The institutional use of warming
blankets may have lowered the prevalence of BAT in our
patients compared with previously reported studies.
Although the sample size is small, it is larger than other
recently published studies of BAT in humans, and
included a broader range of patients with respect to age,
sex, and BMI. Cancer or cancer therapy may affect
adiposity and BAT activity. As both the BAT and the
control cohort had cancer and/or cancer therapy, the
potential for this to be a confounding influence on BAT
activity may be balanced between the two groups. It is
possible that some chemotherapy agents can induce or
suppress BAT activity and future studies to investigate
the effect of chemoradiation therapy on BAT activity
may be warranted. Such studies could provide insights
into drugs that stimulate or impair BAT activation and
help guide therapeutic approaches to the metabolic
syndrome.

Conclusion

We carried out a retrospective analysis of PET/CT stu-
dies and clinical data of a BAT cohort and BMI/sex/sea-
son-matched control cohort, which did not differ
significantly in age, to examine the relationship between
BAT and central obesity, an important risk factor for
metabolic  syndrome. Specifically, we tested the
hypothesis that patients with BAT detected by '"*F-FDG
PET/CT imaging have less central obesity compared
with BMI-matched control patients without BAT. The
findings suggest that active BAT detected by '"F-FDG
PET/CT may be associated with less central obesity.
Furthermore, the findings indicate that active BAT
detected by "F-FDG PET/CT may be protective
against the accumulation of VF.
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