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Context: Stimulation of thermogenesis in brown adipose tissue (BAT) is a potential target to treat
obesity. We earlier demonstrated that BAT activity is relatively low in obese subjects. It is unknown
whether BAT can be recruited in adult humans.
Objective: To study the dynamics of BAT, we observed BAT activity in morbidly obese subjects
before and after weight loss induced by bariatric surgery.
Design: This was an observational prospective cohort study.
Setting: The study was conducted at a referral center.
Patients: Ten morbidly obese subjects eligible for laparoscopic adjustable gastric banding surgery
were studied before and 1 yr after bariatric surgery.
Main Outcome Measure: The main outcome measure was BAT activity, as determined after acute cold
stimulation using 18F-fluorodeoxyglucose positron emission tomography and computed tomography.
Results: Before surgery, only two of 10 subjects showed active BAT. One year after surgery, the number
of subjects with active BAT was increased to five. After weight loss, BAT-positive subjects had significantly higher nonshivering thermogenesis compared with BAT-negative subjects (P ⬍ 0.05).
Conclusions: The results show that in humans BAT can be recruited in the regions in which it was
also reported in lean subjects before. These results for the first time show recruitment of BAT in
humans and may open the door for BAT-targeted treatments of obesity. (J Clin Endocrinol Metab
97: E1229 –E1233, 2012)

ntil very recently, the role of brown adipose tissue
(BAT) in human physiology was considered to be of
importance only during the first years of life. However,
metabolic imaging techniques [18-fluoro-deoxy-glucose
(18F-FDG), positron emission tomography (PET), and
computed tomography (CT)] showed functionally active
BAT upon cold exposure in adult man (1– 4).
We previously found that BAT activity is inversely related to body mass index (BMI) and body fat percentage
(BF%) (2). This could suggest that a low level of BAT
activity may predispose to obesity, when assumed that

U

BAT activity is an intrinsic characteristic of an individual.
Alternatively, low BAT activity may be an adaptive trait of
obesity, for example, due to improved insulation, which
would predict that functional BAT could be re-recruited
when body composition would change, for example, after
significant weight loss. Postobese subjects indeed report
an increased cold sensation during weight loss by bariatric
surgery (5) (Bouvy, N.D., and G.H.E.J. Vijgen, personal
observations). It is still unknown whether BAT can be
recruited in man. However, the principle of recruitable
BAT has been observed after prolonged cold exposure in
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Abbreviations: BAT, Brown adipose tissue; BF%, body fat percentage; BMI, body mass index;
BMR, basal metabolic rate; CT, computed tomography; 18F-FDG, 18-fluoro-deoxy-glucose;
FFM, fat free mass; LAGB, laparoscopic adjustable gastric banding; NST, nonshivering thermogenesis; PET, positron emission tomography; SUV, standard uptake value; SUVMean, average SUV uptake; SUVTotal, SUVMean times the volume of the region; t, time; WL, weight loss.

J Clin Endocrinol Metab, July 2012, 97(7):E1229 –E1233

jcem.endojournals.org

E1229

Downloaded from https://academic.oup.com/jcem/article/97/7/E1229/2833479 by Maastricht University user on 21 June 2021

G. H. E. J. Vijgen, N. D. Bouvy, G. J. J. Teule, B. Brans, J. Hoeks, P. Schrauwen,
and W. D. van Marken Lichtenbelt

E1230

Vijgen et al.

Increase in Brown Adipose Tissue after Weight Loss

TABLE 1. Subject characteristics in 10 patients (two
males, eight females) with measurements before and
after weight loss
Before
40 ⫾ 9
41.7 ⫾ 4.4
127.0 ⫾ 17.7
48.6 ⫾ 5.2
62.1 ⫾ 10.9
63.5 ⫾ 11.7

After
41 ⫾ 9
29.8 ⫾ 4.2
90.8 ⫾ 16.7
34.8 ⫾ 7.9
32.4 ⫾ 10.5
57.7 ⫾ 12.2

P value
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

rodents and primates (6). In man, seasonal variation influences BAT activity within subjects (3, 6). In vitro stimulation
of white adipose tissue with peroxisome proliferator-activated receptor-␥ induced the development of thermogenic
so-called brite adipocytes (7). Moreover, treating preadipocytes isolated from human sc adipose tissue with bone
morphogenic protein-7 showed brown adipogenesis (8).
Based on these observations, BAT recruitment in man seems
feasible but has not yet been shown. Therefore, we investigated BAT activity in 10 morbidly obese patients before and
1 yr after laparoscopic adjustable gastric banding (LAGB)
surgery as a model for caloric restriction.
The increase in energy expenditure that is observed
upon mild cold exposure in absence of shivering in skeletal
muscle is defined as nonshivering thermogenesis (NST)
(9). Active BAT in adult man is suggested to contribute to
NST. Indeed, subjects with active BAT show significantly
higher NST than subjects without BAT activity (10, 11).
Therefore, we also studied NST in our subjects.

Materials and Methods

Study protocol
All measurements took place several weeks before surgery between 0800 and 1300 h under overnight fasted conditions. In the
morning, subjects put on light standardized clothing [socks 0.02
clo, shirt 0.09 clo, sweatpants 0.28 clo, underwear 0.04 clo, total clo
factor 0.43 clo (12)]. Body composition [BF%, fat mass, fat free
mass (FFM)] was determined by dual x-ray absorptiometry (type
Discovery A; Hologic, Bedford, MA). To determine body core temperature, a telemetric pill was orally ingested (CoreTemp, HQ Inc.,
Palmetto, FL USA). Skin temperature was measured by applying
iButtons at 14 ISO-defined skin sites (13). Next, subjects were
placed in a specially adapted climate controlled tent (Colorado Altitude Training, Louisville, CO). The temperature inside the tent
was regulated by an air conditioner (accuracy of tent air temperature ⫾0.5 C). Energy expenditure was measured by indirect calorimetry using a ventilated hood system (Oxycon, Jaeger, Germany).

Personal cooling protocol and

18

F-FDG-PET-CT

In all subjects we performed the personal cooling protocol described earlier (10). In short, subjects were placed in the climate tent.
They rested semisupine on a nephrodialysis chair, covered with a
water-perfused mattress. To ensure maximal NST, every subject
was cooled until they reported shivering. Shivering was confirmed
by electromyography of the musculus pectoralis major. Upon the
first signs of shivering, the temperature was raised slightly (on average 1.8 ⫾ 0.6 C) to ensure only NST.
One hour of measuring under thermoneutral conditions [room
temperature before weight loss: 22.8 ⫾ 0.6 C, after weight loss:
23.7 ⫾ 0.9 C, P ⫽ 0.079, time (t) 0-t60] was followed by 2 h of
individual mild cold (t60-t180). Laser Doppler flowmetry (PF5000;
Perimed, Jarfalla, Sweden) was used to determine whether a subject
was in its thermoneutral zone (Supplemental Fig. 1, published on
The Endocrine Society’s Journals Online web site at http://jcem.
endojournals.org). At the end of the first hour of cooling (t120), 10
ml FDG was injected. After the second hour of cooling, 18F-FDGPET-CT imaging was performed to quantify metabolically active
BAT. The scanning protocol, FDG activity (74 MBq), and data
analysis were identical with our previous study (2).

Follow-up

Approval was obtained from the local ethical commission. Written informed consent was received from two male and eight
female morbidly obese subjects, with a mean BMI of 41.7 ⫾ 4.4
kg/m and a body mass of 127.0 ⫾ 17.7 kg. One female subject
used levothyroxine for hypothyroidism and was euthyroid for
several years. Diabetes mellitus and use of ␤-blockers were strict
exclusion criteria.

All subjects underwent LAGB without any perioperative or
postoperative complications. One year after the LAGB procedure, all measurements were repeated.

Statistical analysis
Total BAT activity was expressed in kilobequerels and standard uptake value [SUV; as calculated by uptake (kilobequerels

TABLE 2. Total BAT activity before and after weight loss
Before
BAT activity (kBq)
BAT volume (cm3)
BAT activity (kBq/cm3)
SUVTotal
SUVMax

Group
7.8 ⫾ 18.0
7.1 ⫾ 16.2
0.2 ⫾ 0.5
30.3 ⫾ 72.4
1.4 ⫾ 3.0

BATⴙ
15.6 ⫾ 24.0
14.2 ⫾ 21.6
0.4 ⫾ 0.6
60.6 ⫾ 97.5
2.8 ⫾ 3.9

After
Group
51.5 ⫾ 87.8
42.5 ⫾ 71.6
0.6 ⫾ 0.6
118.0 ⫾ 210.6
3.1 ⫾ 3.9

P value
BATⴙ
103.0 ⫾ 103.6
85.0 ⫾ 83.9
1.1 ⫾ 0.1
236.0 ⫾ 255.0
6.3 ⫾ 3.2

Group
0.147
0.148
0.074
0.238
0.197

BATⴙ
0.153
0.154
0.062
0.259
0.212

Group values (n ⫽ 10) of BAT activity (kilobequerels), BAT volume (cubic per cubic centimeters), average BAT activity (kilobequerels per cubic
centimeters), and total and maximal SUV (SUVTotal, maximum SUV). In addition, values are shown for the group of five subjects that were indicated
as BAT positive (BAT⫹) based on their BAT presence after weight loss.
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Age (yr)
BMI (kg/m2)
Body mass (kg)
BF%
Fat mass (kg)
FFM (kg)
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categorized as BAT positive or BAT negative, which was compared using unpaired Student’s t tests.

Results and Discussion
One year after LAGB, the mean body composition decreased significantly by 36.1 ⫾ 8.3 kg with a mean percentage of weight loss of 28.65 ⫾ 6.23% (Table 1).
BAT activity was measured after applying an individualized cooling protocol. Thus, maximal BAT activity is

FIG. 1. BAT activity before and after WL. A, PET images of five morbidly obese subjects before bariatric surgery (A) and after WL (B). C, PET
image, CT image and PET-CT-fusion image of the subject who showed the largest increase in BAT activity before (C) and after WL (D). BAT activity
was recruited in both supraclavicular and paravertebral areas, indicated by solid and dashed arrows, respectively. Solid arrows indicate bilateral
supraclavicular regions in which BAT activity was observed after WL. Dashed arrows indicate bilateral paravertebral regions in which BAT activity
was observed after WL. E, BAT activity in kilobequerels and total SUV (F) before and after WL for the five subjects depicted in A and B. Baseline
characteristics of subjects shown are from a report published elsewhere (10).
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per milliliter) per injected dose (kilobequerels) per patient weight
(grams)]. BAT activity of each region is determined by the average SUV uptake (SUVMean) times the volume of the region
(cubic centimeters), expressed as SUVTotal. Basal metabolic rate
(BMR) correlated significantly to FFM before and after weight
loss (respectively, r ⫽ 0.912, P ⫽ 0.001, and r ⫽ 0.948, P ⬍
0.001). Therefore, we corrected the BMR for FFM using linear
regression (14). Percentage of weight loss is expressed as [(beginning weight ⫺ follow-up weight)/beginning weight) ⫻ 100].
Repeated measurements were compared using paired Student’s
t tests. Based on BAT presence after weight loss, subjects were
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skin vasoconstriction. Insulation of the body’s core, as
measured by the gradient between core and mean skin
temperature, decreased significantly after WL (before WL:
5.6 ⫾ 0.6 C; after WL: 3.8 ⫾ 0.7 C, P ⬍ 0.001). This
indicates the insulation of the body’s core decreased, despite increased vasoconstriction of the skin. Compared
with BAT-negative subjects, BAT-positive subjects
showed a significantly smaller increase in core temperature during cold exposure, accompanied by a smaller decrease in mean skin temperature (Supplemental Table 1),
suggesting less vasoconstriction (14). Hence, increased
thermogenesis in BAT could be responsible for this
difference.
It should be noted that the BAT activity we observed in
this study is low in comparison with the levels observed in
lean young men [51.5 ⫾ 87.8 kBq vs. 428 ⫾ 394 kBq, P ⫽
0.008 (2)]. BAT activity is suggested to be lower in older
subjects (3), which could possibly affect the energy balance. Therefore, further studies are needed to investigate
the impact of BAT recruitment at this level for the longterm treatment of obesity. Nevertheless, this study provides the first evidence that BAT can be recruited in adults.
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