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Activated Brown Adipose Tissue in PET-CT scans, Prevalence and Associations 

in Swedish Hodgkin Patients. Susanna Jennerholm Hammar

This retrospective study was performed to collect information from PET-CT scans of 69 Hodgkin 

lymphoma patients and to detect brown adipose tissue positive (BAT+) individuals in these scans. 

The principal objective was to analyse the prevalence of BAT and measure possible associations 

between BAT and selected parameters - BMI, age, gender, outdoor temperature - and also to 

measure SUVmax, HU and BATvolume. The study was also intended to be used as a basis for 

selecting a group of patients for further examination in the process of developing a MRI technique 

to visualise BAT. 

BAT was detected in 15.9% of the subjects, a number similar to the higher interval shown in former 

studies. BAT was significant associated to low BMI, only trends were found to lower age and 

female gender while an inverse trend were found between BAT and low temperature, the former 

results corresponded with while the latter was contradicted to prior findings. As expected the 

locations of activated BAT were predominantly the supraclavicular and neck areas. 

Aktiverat Brun Fettväv i PET-CT undersökningar, Prevalens och Associationer i 

svenska Hodgkinpatienter. Susanna Jennerholm Hammar

Vit fettväv (WAT) utgör kroppens största energilager. Brun fettväv (BAT) kan förutom att lagra 

energi som fett även generera värme. Man har tidigare trott att BAT endast finns hos nyfödda och 

småbarn. Studier har dock nyligen visat att även ungdomar och vuxna kan ha BAT. 

När BAT är aktivt konsumerar det glukos vilket kan avbildas med en PET-CT kamera. Denna teknik 

är därför idag den bästa för att studera BAT. Tekniken medför dock att den som undersöks utsätts 

för en stråldos. Denna dos vill man gärna undvika att utsätta försökspersoner i forskningsprojekt 

för. På Institutionen för Radiologi, Onkologi och Strålningsvetenskap vill man försöka utveckla 

metoder att avbilda BAT med hjälp av MRT (Magnetisk Resonans Tomografi). Vid en undersökning 

i MR-kamera används ett starkt magnetfält och försökspersonerna som undersöks utsätts inte för 

någon stråldos. Till denna utveckling behövs försökspersoner samt kunskap om dessa har 

aktiverbart BAT eller inte.
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Vi har genomfört en retrospektiv studie på BAT genom visuell granskning av PET-CT 

undersökningar utförda på sammanlagt 69 Hodgkin lymfompatienter. Studiens syfte var att 

detektera BATpositiva (BAT+) patienter samt även att utforska eventuella korrelationer mellan BAT 

och patientkarakteristik såsom BMI, ålder, kön, utomhustemeratur samt även att mäta SUVmax, 

HU och BATvolym. 

Granskningen av PET-CT undersökningarna gav en prevalens på 15,9% BAT+, ett resultat som 

ligger i det övre intervallet av tidigare fynd. Studien påvisade även ett signifikant samband mellan 

BAT och lågt BMI, medan endast trender sågs mellan BAT och låg ålder samt kvinnligt kön. Dock 

sågs en invers korrelation mellan BAT och låg utomhustemperatur vilket var ett motstridigt resultat 

jämfört med tidigare studier.
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Abbreviations

ABVD Adriamycin, Bleomycin, Vinblastine, Dacarbazine (a chemotherapy regimen, first-

line treatment of Hodgkin lymphoma)

BAT Brown adipose tissue 

BAT+     BATpositive

BAT- BATnegative

BMI Body mass index 

CT Computed tomography 

18F-FDG 18F-fluorodeoxyglucose (a glucose analog marked with a radioactive isotope, 

used as a tracer in PET)

HU Hounsfield units

myf5 myogenic factor 5 (a transcriptional activator of muscle cell differentiation)

PACS Picture archiving and communication system

PGC1-α PPAR-γ co-activator-1 α (a transcriptional co-activator)

PET Positron emission tomography 

PET-CT Positron emission tomography-Computed tomography 

ROI Region of interest

SUV PET standardized uptake value (a measure of the radioactive concentration)

SUVmax maximal standardized uptake value

UCP-1 Uncoupling protein-1

WAT White adipose tissue
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Introduction and background

Today, we see an advancing pandemic of obesity and subsequent panorama of diseases, like 

diabetes and cardio-vascular diseases. According to resent numbers, over 1 billion adults are 

overweight or obese (1). This project is a part of a larger attempt to find a cure, or at least to find a 

way to prevent the development of this pandemic, since ”Stimulation of thermogenesis in brown 

adipose tissue (BAT) is a potential target to treat obesity” (2, p E1229), and as Cannon and 

Nedergaard (3) established activation of BAT will probably lead to weight loss, due to its ability to 

enhance energy expenditure. BAT is also a future target for intervention of elevated blood lipids and 

type II diabetes (4,5).

The adipose tissue in human is mostly made up of white adipose tissue (WAT) which functions not 

only as the largest energy deposit of the body but also acts as insulation and a hormonally active 

organ (produces adipokines such as adiponectin and leptin). Not too long ago, researchers have 

found BAT not only in rodents, newborns and young children but also in adults (6). Research on 

BAT in mice has been conducted since the 1960s but it is mainly during the last decade that the 

field of research has expanded to include adult humans (7). BAT is able to not only store energy but 

also to generate heat. By activation of BAT to metabolically active BAT researchers have found 

greater energy expenditure due to uncoupling by UCP-1 (a unique protein for BAT which uncouples 

oxidative phosphorylation from ATP production)1 and thereby inducing non-shivering 

thermogenesis (8-10). NST is important in hibernating animals, small mammals and infants who do 

not have a great capacity to maintain body temperature by shivering as adult humans do.

The activity of BAT is regulated from the brain. In response to cold, sympathetic nerves release 

norepinephrine which acts on brown adipocytes. This leads to triglyceride lipolysis (breakdown) to 

free fatty acids which then activate UCP-1, but in the longer run also to combustion of food directly 

to heat production i.e. to combustion of calories to heat instead of storing as fat (3,5), as depicted in 

Figure 2 and 3. BAT does not only combust fat but also glucose that is absorbed into the tissue by 

glucose transporters (5). Activation of BAT has been shown to decrease hyperlipidemia in mice by 

increasing clearance of triglycerides from the blood (4). 

1 The mitochondria stores energy as a proton gradient across the inner membrane, when the proton flows across the 
membrane, down its concentration gradient, ATP is synthesised. UCP-1 uncouples oxidative phosphorylation and the 
stored energy is instead released as heat.
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The morphology of WAT and BAT differs in several ways – in the expression of hormones, 

cytokines, and inflamatory factors. WAT cells store triglycerides (fat) as one large droplet 

(unilocular) and the cells are larger while the smaller BAT cells contain several droplets 

(multilocular). BAT cells also accommodate a great number of UCP-1 (located in the inner 

mitochondrial membrane) containing and glucose combusting mitochondria (11,12). The produced 

heat is transported by the great amount of capillaries (which also supply the tissue with oxygen as it 

has a great demand due to the mitochondria) that are found in BAT and which gives the tissue, 

together with the iron-containing mitochondria, its ”brown” color (13,14). The morphology has 

been histological analysed in several different studies, confirming the differences in WAT and BAT 

histology and morphology (6,15,16) as seen in Figure 1.

Figure 1. Histologic analysis of BAT and WAT (hematoxylin and eosin). BAT cells contain multilocular 
lipid droplets while WAT cells contain unilocular droplets (15).

Resent findings indicate that BAT is a closer relative to muscle tissue rather than to adipose tissue, 

as was long believed. A newly found hormone, Irisin, regulated by PGC1-α secreted from muscle 

cells as response to activity (also shivering) serves to activate thermogenic function in adipose 

tissue – called browning (increasing of UCP-1 in WAT) and creates a link between muscle and BAT 

(17), browning may also occur as a response to cold (11,18). This may be a way to treat obesity - by 

activation and/or recruitment of BAT (2). Another newly found connection to muscle is the factor 

myf5 which is not only expressed in myogenic precursor cells but also in some but not all BAT 

progenitors. This indicates that there are two types of BAT with possibly different function. One 

that origins from muscle and one type that origins from WAT (the later called brite or beige cells) 

(18-20).
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Figure 2. Metabolism in BAT. Norepinephrine 
activate lipolysis, and the produced free fatty acids activate 
UCP-1 resulting in heat production (20).

Figure 3. Location and control of BAT in adult 
humans. BAT is located mainly in supraclavicular and neck 
depots (3).

The anatomical distribution of BAT in adults differs from where it is seen in infants. In adults, the 

main depots of BAT are found in supraclavicular and neck (cervical) regions whereas infants have 

depots in these regions as well as in thorax, abdomen near aorta and surrounding retroperitoneal 

structures such as the kidneys and pancreas (mediastinal, paravertebral-intercostal, perinephric-

suprarenal and abdominal wall regions) (19,21).

Studies have detected different prevalence of BAT in humans, numbers differ from 2.5%-4.0% (13) 

up to over 95% where higher numbers are seen after cold-activation (16) implicating that most or 

maybe all adults have the capacity of activable BAT. 

There is also a great variation in the findings of active BAT due to temperature, with a higher 

prevalence due to cold-activation (10,13,15,16,22) and lower outdoor temperature at the day of the 

scan i.e. winter months (23-26). ”It has been postulated that cold stimuli modulate sympathetic  

stimulation of BAT through adrenergic receptors which increases glucose uptake. Similarly, FDG, a  

glucose analogue, accumulates in BAT that has been stimulated by the cold” (22, p 604).

As one long have believed high prevalence of BAT can be found in young subjects, babies and 
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young adults, compared to a lower prevalence in adult subjects (24,27). Some findings suggest 

otherwise, that BAT increase during puberty, probably due to metabolic and hormonal events (28). 

But overall there is seen an inversely correlation between BAT and age (9,26,23,29). A possible 

explanation to this is the influence on BAT by sex hormones (that elevates BAT activity) and 

cortisol (that depress BAT activity), with age the influence of sex hormones is weakened allowing 

cortisol effects to increase (20).

There is also seen a predominance of BAT prevalence in female subjects (13,24,23,29). A newly 

published study on gender differences in adipose tissue function concluded that women have an 

increased expression of UCP-1 compared to male (30). Another link is seen between muscle volume 

and active BAT, confirming the relationship between BAT cells and muscle cells mentioned above 

(31).

Most studies have found a connection between increased amounts of BAT and lower weight and/or 

BMI (16,23,26,27,32) while others have not (24). As Vijgen et al., 2012 (2) indicates, weight 

reduction in obese subjects one year after bariatric surgery can lead to recruitment of BAT and a 

higher NST.

 

In former research it has been found several ways to connect increased metabolism to active BAT 

and also ways to detect BAT:

HU-FDG – in the past one has not noted the differences between different types of fat, but have 

interpreted all negative HU (Hounsfield units) as adipose tissue. Modern technology can separate 

between BAT and WAT as CT (Computed tomography) can detect variation in densities (assessed as 

HUs) - one sees more positive HU in active BAT than in WAT due to decreased lipid content and 

increased water content (and thus higher density) (13,33).

18F-FDG – nonmalignant high uptake of 18F-FDG (a radioactive isotope marked glucose analog, a 

tracer used to detect metabolically active tissue such as lymphoma), used in PET scans, indicates 

uptake in activated BAT (13,33) and the SUVs (Standardized uptake values) give the distinction 

between active BAT and inactive WAT/BAT. The uptake of 18F-FDG is typically bilateral 

indicating that BAT is symmetrically distributed (21,29). The high uptake of 18F-FDG may 

sometimes be indistinguishable from malignant uptake, potentially leading to misinterpretations and 

hence it is essential to understand the findings of BAT (13,34).
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When BAT is active it consumes glucose, a process that can be depicted by fusion PET-CT. ”Active  

BAT can be identified when the 18F-FDG–avid foci have low CT HUs (i.e., fat tissue) in a fusion  

image with PET/CT” (13, p 246). Today, this is the best way to study the activity in the brown 

adipose tissue as it provides both structural and functional information and is noninvasive. 

However, this modality results in a high dose of radiation to the investigated subject. To avoid this 

exposure of radiation, an attempt to develop a method to picture BAT by the help of magnetic 

resonance imaging (MRI) will be made in Uppsala at the Department of Radiology, Oncology and 

Radiation Science, Section of Radiology. During a MRI scan no ionizing radiation is used but 

instead a strong magnetic field. This is a technique under development right now (12,14,35,36). To 

be able to develop this technique here in Uppsala it is required test subjects (human) along with 

knowledge of whether these subjects have BAT that are able to activate or not. Another limitation in 

PET-CT is that the modality is functionally based as it only depictures BAT when it is metabolically 

active (33,35).

Most previous studies of BAT have included lymphoma patients, due to the fact that these subjects 

already have undergone PET-CT-scans as a route in their medical investigation. A recent study 

shows evidence that BAT in (pediatric) patients with lymphoma depicted on PET-CT is greater after 

treatment, when there is no evidence of disease (tumor) than at diagnosis (25).

To our knowledge, few studies on BAT have been performed in Europe and none on Swedish 

subjects.

Objectives

The aims of this study were to visually analyse the prevalence of active BAT in PET-CT scans 

performed on 100 Hodgkin patients at Akademiska sjukhuset, Uppsala, and also to measure uptake 

of the tracer 18F-FDG (as SUVmax), HU (Hounsfield units) and volume of BAT. The project also 

aimed to measure possible associations between BAT and characteristics such as: age, sex, BMI, 

season/outdoor temperature at the occasion of examination.

One objective was also to compile a group of BAT+ subjects appropriate to ask for participation for

the coming development of the MRI method described above.
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Methods

Study design and statistical analysis

A retrospective study design, the activation of BAT was visually analysed and measured. The 

radiographic density (HU) of the CT images was measured, as well as the uptake of 18F-FDG 

(SUVmax) to evaluate possible correlations with volume of BAT.

In cases of more than one BAT+ scan for the same patient, the scan with highest SUVmax were 

used for further analysis (as done in the works of reference (27).

Body mass index (BMI) was calculated as weight in kg divided by the square of the height (m²) 

during the first PET-CT scan performed on each subject. BMI concerning BAT+ were calculated on 

the data from the most BAT+  PET-CT scan regarding subjects with more than one BAT+ scan (3 

cases).

Data are expressed as means ± SD. Statistical analyses were performed using Statistica version 11 

by using chi-squared test (gender), Mann-Whitney-test (BMI), t-test (BMI, age and temperature) 

and logistic regression (BAT against gender, BMI, age and temperature). P-values less than 0.05 

were considered significant. 

Study cohort

The study population was selected by compiling a list of 100 Hodgkin lymphoma patients aged 12 - 

78 years, who had undergone PET-CT scans as a part of their disease diagnostics and/or treatment 

follow-up at University Hospital Uppsala, the list was compiled by Daniel Molin (ward physician at 

Department of Radiology, Oncology and Radiation Science, Section of Oncology). Of the 100 

patients, 31 had undergone too old studies – which were not transferred to the picture archiving and 

communication system (PACS) were all the studies were evaluated. These patients were excluded 

from the study as their scans were not able to be reached. Ergo remaining 69 patients were included 

in the study. Demographics of the cohort are summarised in Table 1.

The PET-CT scans were performed at Akademiska sjukhuset, Uppsala during 2004-2012. The study 

protocol included one hour of warming before the survey (infra-red heating lamp) while the tracer 
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was injected. A baseline PET-CT is performed for staging the lymphoma (scan 1). Typically, two 

ABVD cycles are given to the patient before a followup or interim PET-CT (scan 2) is performed. 

Concerning these subjects some were BAT+ in scan 1, some in scan 2 and some only or also in 

followup scan 3 (Table 2).

Table 1. Demographic characteristics of the study cohort. Data from the first PET-CT scan or the scan with 
highest SUVmax in BAT- respective BAT+ individuals.

Data are means ± SD, with minimum and maximum values in parentheses.

PET-CT measurements of BAT and WAT

The presence and activation of BAT were detected as present or absent in the neck and 

supraclavicular area based on  by visual inspection, bilateralism, HU (negative HU values 

indicating adipose tissue) and 18F-FDG uptake (measured as SUVmax). All PET-CT studies 

performed on the 69 patients were visually valued as BAT- or BAT+. The PET scans were ranged to 

show SUV between SUVmin 0 and SUVmax 3. A PET-CT scan was considered as BAT+ if there 

were areas with the CT density of adipose tissue (-250 to -50 HU (23,29) and had a PET SUVmax 

of 18F-FDG above 2 – as SUV above 2 indicates high metabolic activity i.e. BAT (23,29). The ROI 

(regions of interest) had in forehand, based on works of reference, been decided to be 

supraclavicular and neck regions. The detection was verified by Håkan Ahlström, professor of 

Radiology at Uppsala University Hospital. From the images data were also collected – the 

parameters being date of the examination, bodyweight, height, amount of injected 18F-FDG, ROIs 

with positive BAT and slice thickness.

The volume of BAT was measured by ranging the SUV between SUVmin 0 and SUVmax 2 – based 

on values used in the works of reference. The areas in each slice of the PET survey were then 

measured by using the tool ”freehand graphic” at the level of 2 SUV in the PACS. The areas of each 

slice was added and then multiplied by the slice thickness (27 mm), resulting in the volume of BAT 

in each survey. SUVmax was calculated within the ROI with highest FDG-uptake in each scan and 

the HUs were measured at the same foci.
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Demographic characteristics mixed group males females
n (%) 69 (100) 32 (46,38) 37 (53,62)
age, years 35,06 ± 16,15 (12-78) 37,25 ± 17,78 (12 – 78) 33,16 ± 14,57 (17 – 78)
height, m 1,72 ± 0,1 (1,46 – 1,93) 1,79 ± 0,09 (1,60 – 1,93)
weight, kg 70,86 ± 16,47 (41 – 135)

24,43 ± 5,34 (19,03 – 46,71)

1,66 ± 0,07 (1,46 – 1,80 )
73,88 ± 16,46 (41 – 107) 68,24 ± 16,25 (48 – 135)

BMI, kg/m2 24,43 ± 4,92 (15,44 – 46,71) 23,08 ± 4,15 (15,44 – 30,69)



The HUs were also measured on the same level as detected BAT in each BAT+ scan, on a location 

interpreted as WAT.

Temperature

Historical temperatures for Uppsala, Sweden were obtained from SMHI (Sweden's Meteorological 

and Hydrological Institute). We used the average 24 h temperatures in Uppsala during the days of 

the BAT+ scans in our statistical analysis. 

Ethical concession

The study protocol has ethical concession approved by the local committee.
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Results

Prevalence

11 of the 69 patients were BAT+ according to the criteria described above. 3 of the 11 BAT+ 

subjects had 2 BAT+ scans performed on different occasions. Of the 69 subjects included in the 

study, 11 subjects were BAT+ at least in on scan; this gives a prevalence of 15.9% (95% confidence 

interval of proportion including continuity correction 8.6 – 27.1%2).

Table 2. BAT+ scans. Displays during which scan the subject were BAT+ respective BAT-. Blank spaces indicate that 
no scan was performed.

No connection was seen between disease status and BAT, as displayed in Table 2. An interesting 

result is that two of the three subjects who were BAT+ on two occasions were positive during their 

first and third scan, but not the second.

BMI

Comparison BAT- vs. BAT+ (Figure 4): For BAT- subjects, the average BMI was 24.43 (min 15.44 

max 46.71), while the average BMI for BAT+ subjects was 20.61 (min 15.62 max 26.81) indicating 

a lower BMI for subjects with BAT compared to BAT- subjects. This was not statistically significant 

when using t-test including all subjects (p = 0.060). A Mann-Whitney-test gave a p-value of 0.005. 

Although one BAT- individual had an extremely high BMI (46.71), using t-test excluding this 

individual as an outlier showed statistical significance (p = 0.0076).

2 Reference: Newcombe, Robert G. "Two-Sided Confidence Intervals for the Single Proportion: Comparison of Seven 
Methods,"Statistics in Medicine,17, 857-872 (1998).
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id scan 1 scan 2 scan 3
3 BAT+ BAT-
10 BAT- BAT+
20 BAT- BAT- BAT+
21 BAT+ BAT-
23 BAT+ BAT+
27 BAT+ BAT- BAT+
31 BAT+ BAT- BAT+
33 BAT- BAT+
44 BAT+
56 BAT- BAT+
93 BAT- BAT+



Divided into genders: For BAT- female subjects, the average BMI was 25.18 (min 19.03 max 46.71) 

while the average BMI for BAT+ females was 21.79 (min 20.20 max 26.81) indicating that BAT+ 

female subjects has a slightly lower BMI compared to BAT- female subjects. 

For BAT- male subjects, the average BMI was 23.68 (min 15.44 max 30.69), the average BMI for 

BAT+ subjects was 17.46 (min 15.62 max 19.14) indicating a lower BMI in male BAT+ subjects as 

well.

Figure 4. BMI in BAT+ and BAT- groups. BMI at the first PET-CT scan or at the scan with highest SUVmax in 
BAT- respective BAT+ individuals.

Age

The mean age of BAT+ individuals was 27.27 years (min 12 max 52). The mean age of the BAT- 

individuals was higher, 36.53 years (min 14 max 78). Age distribution is pictured in Figure 5. The 

age did not differ significantly between BAT+ and BAT- (p = 0.08). Ages of the cohort are displayed 

in Table 1.
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Figure 5. Age in BAT+ and BAT- groups. Age at the first PET-CT scan or at the scan with highest SUVmax in 
BAT- respective BAT+ subjects.

Gender

Of the 11 BAT+ subjects, 8 were females and only 3 were males. This indicates a higher prevalence 

of BAT in females, but the result was not statistically significant (p = 0.160). As seen in Figure 6, 

there was an equal distribution between the genders in the BAT- subjects (29 f 29 m), but a female 

predominance in the BAT+ subjects.

Figure 6. Distribution of females and males. BAT+ respective BAT- groups.
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Month and temperature

BAT+ scans were distributed over the year as follows – January (1), April (1), May 4, June 1, 

August 3, September 1, October (1), November 1, December 13. As seen in the diagram in Figure 7 

there was a tendency to higher temperature with visualised BAT+, although this was no significant 

result (p = 0.090).

Figure 7. Outdoor temperatures in BAT+ and BAT- groups. Average outdoor temperature during the day of 
the first PET-CT scan or at the scan with highest SUVmax in BAT- respective BAT+ individuals.

Standardized uptake value

Visualized BAT showed SUVmax (maximal 18F-FDG uptake) ranging from 2.14-19.73 (Table 3). 

The distribution is displayed in the box plot in Figure 8 and in Table 6.

3 Numbers placed into brackets represent cases when the same individual was BAT+ on two occasions.
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Table 3. SUVmax. Average, standard deviation, minimum and maximum.

Figure 8. Box plot of SUVmax in BAT+ subjects. At the PET-CT scan with highest SUVmax (concerning the 
three cases with two BAT+ scans).

Hounsfield units

As presented in Table 4, the mean BAT HU value was -66.18 ± 11.79. All BAT+ scans displayed 

HUs values that correspond to adipose tissue (i.e. negative values). The HU of WAT was also 

measured in each BAT+ individual to control the HU of adipose tissue; in all cases WAT had a more 

negative HU value than BAT. 
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BAT SUVvalues
average 7,43
SD 5,77
min 2,14
max 19,73



Table 4. HU. Average, standard deviation, minimum and maximum.

BAT volume

The mean volume of BAT was 65.02 cm3 ± 102.55 (min 0.6 max 341.65), depicted in Table 5 and 

6.

Table 5. BATvolume. Average, standard deviation, minimum and maximum.

Table 6. Volume of BAT in cm3 average HU at SUVmax and SUVmax (at the PET-CT scan with highest 
SUVmax concerning the three cases with two BAT+ scans).

A scatterplot of SUVmax against BAT volume as presented in Figure 9 shows a significant (p = 

0.000016) correlation between a higher SUVmax and a larger volume of BAT. 
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BATvolume (cm3)
average 65,02
SD 102,55
min 0,6
max 341,65

BAT HUvalues
average -66,18
SD 11,79
min -95
max -50

id BATvolume (cm3) HU at SUVmax, AV SUVmax
3 5,6 -69 3,17

10 1,87 -59 2,93
20 16,01 -50 4,46
21 341,65 -95 19,73
23 2,81 -58 3,5
27 0,6 -63 2,14
31 93,29 -68 10,67
33 3,26 -61 3,93
44 115,75 -70 14,77
56 109,04 -75 10,82
93 25,34 -60 5,64



Figure 9. Scatterplot of SUVmax against active BAT volume (cm3). Displays a correlation between a 
higher SUVmax and a larger volume of BAT.

Multiparametric associations to BAT activity

We used logistic regression analysis, trying to explain BAT occurrence (Table 7). The test included 

the parameters age, BMI, temperature and gender. BMI was the only significant parameter (p = 

0.018).

Table 7. Logistic regression analysis. BAT+ against age, BMI, temperature and gender.
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Image samples

Figure 10. PET-CT of a 32-year-old 
female

Figure 11. PET-CT of a 17-year-old man with massive uptake in BAT

Figure 12. PET-CT of a 52-year-old woman, the oldest subject in the BAT+ cohort who also had the 
highest BMI 
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Discussion and conclusion

Out of the 69 patients included in the study, 11 were found to have BAT visually detected on PET-

CT. This gives a BAT prevalence of 15.9%. Former studies on BAT have shown a quite large 

ranging percentage as some have been performed as cold-activated studies. Looking at only non 

cold-activated studies of PET-CT performed on adult cohorts, our result is a number similar to the 

higher interval shown in former studies, Table 8. No obvious connection was seen between disease 

status and BAT occurrence, as displayed in Table 2. Worth considering is that the implemented 

medication was not fully available in the PACS, making it difficult to evaluate disease status.

Table 8. BAT prevalence in works of reference. Studies on children only not included. Blank space indicate that 
results were not available (6,22-24,27,28,31,33,34,37,38).

Former studies have shown an inverse correlation between BAT activity, BMI and age in adults, as 

well as a higher prevalence in women and during cold season (1). ”In adults, BAT activation 

measured by PET has a female predominance, and its activity correlates inversely with age, BMI  

and outdoor temperature” (27, p 942). In this study we have established that BAT correlates with 

lower BMI and also that BAT is seen more frequent in females (not significant) and in younger 

subjects (not significant), but seen no correlation with colder outdoor temperature. However, it is 

noteworthy that cold-activated studies have shown that activation of BAT is influenced by the 

temperature just a couple of hours before the scanning, thus the ambient temperature condition 

during the examination procedure may provide greater impact on the activation than the outdoor 

temperature. The subjects in this study were indeed heated during the hour before the survey. This 

has been shown to decrease uptake in BAT (22). Also, as activation of BAT is regulated by the 

sympathetic nervous system, stress may increase activation and β-blockers as well as 
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article BAT % n (m/f)
studies on children and/or adults
Cohade et al., 2003 6,9 905 (462/443)
Cypess et al., 2009 5,4 1972 (959/1013)
Hany et al., 2002 2,5 638
Kim et al., 2006 2,9 60,9 1159 (566/593)
Lee et al., 2011 17,6 17 (13/4)
Yeung et al., 2003 2,3 57 (2 – 88) 863 (476/387)
Studies on children and adolescents
Drubach2011 44,2 172 (97/75)
Glisanz2011 42 (6 – 20) 71 (45/26)
Glisanz2012a 59 (4 – 19,9) 73 (38/35)
Hu2011 47,5 (2 – 31) 101 (69/32)
Zykotynski2009 31 14 (2 – 21) 45 (26/19)

age mean ± SD (min – max), years

58,1 ± 15,1 (1 – 93)

14,2 ± 3,7 (5 – 21)



benzodiazepines may decrease activation (21,37). When a patient with lymphoma has a PET-CT 

with visualised BAT he or she may actually be given β-blockers or Stesolid (a benzodiazepine) 

before the follow up survey to extinguish the activation and facilitate the interpretation according to 

Cecilia Wassberg, specialist physician at Department of Radiology, Oncology and Radiation 

Science, Section of Nuclear Medicine and PET.

Visualised BAT showed SUVmax ranging from 2.14-19.73. Former studies have used or 

recommended the use of SUV above 2 as BAT+, strengthening the credibility of our results 

(1,23,29,33). Most works show SUVmax with a lower average than these results, but some do show 

similar results indicating that these are reliable (10,34).

The results concerning HU (BAT+ average HU -66.18 ± 11.79) are strengthened by results seen in 

former studies as it has been found that BAT has more positive HU then WAT due to its higher 

density. The negative number indicating that this indeed is referring to adipose tissue as a CT 

density between -250 to -50 HU is counted as adipose tissue (23,29). And also that BAT has a 

negative HU but more positive than WAT due to its higher density (13,33). We also found similar 

numbers compared to Hu et al. (33 p 65) ”Hounsfield units of active brown fat were more positive  

(P < 0.001) than inactive fat (-62.4 ± 5.3 vs -86.7 ± 7.0)”.

To the best of our knowledge there are only two studies that have previously measured BAT 

volume, and the measurements are done after cold-induction, thus they are not directly comparable 

with our results. Although, these studies have presented results similar to ours (2,16). The 

scatterplot of SUVmax against BAT volume as presented in figure 9 shows a correlation between a 

higher SUVmax and a larger volume of BAT. As a higher tracer uptake reflect higher metabolic 

activity and thus more active BAT this can be a possible explanation to the correlation between a 

higher SUVmax and a larger volume of BAT. It is also possible that a higher local FDG uptake 

results in a larger volume due to partial volume effect.

The visual analysis of PET-CT confirmed former findings of mainly activated BAT-regions. As in 

other studies, accumulation of BAT was seen predominantly in supraclavicular and neck regions.  

We acknowledge several limitations in this work. First, PET-CT scans were performed on Hodgkin 

lymphoma patients, so that the findings cannot be comparable to findings in healthy subjects - 

regarding possible physiological differences between lymphoma patients and healthy individuals 
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(note that most studies of BAT worldwide have been performed on lymphoma patients). Second, the 

volume of BAT were calculated based on freehand measurement on the PET images, the results 

depend of the skills of the performer. Third, the verification by Håkan Ahlström, professor of 

Radiology at University hospital Uppsala were only made on the scans that were considered as 

BAT+ and not on all scans. This could result in an underestimation of the prevalence of BAT. 

Noteworthy is that the study cohort was quite small in numbers. From the original group of 100 

patients, 31 were excluded due to too old scans which were not transferred to PACS that were used 

to analyse the scans. This gives a relatively small cohort and this is a factor that could affect the 

results of the study as fewer subjects give a lower statistical power. Lastly, it is possible but not 

likely that patients with similar BMI were examined during the same season, thus this could 

influence the distribution of BAT during the year.

The objectives were to look at BAT prevalence, outdoor temperature and BMI and to correlate these 

numbers with earlier results, this were performed in the study. The results correlate well with former 

studies on the subject, with exception of the temperature. The study also aimed to identify BAT+ 

patients for further studies (MRI), and this was accomplished by the study. 

The cohort of Hodgkin patients were chosen as this patient group already had undergone PET-CT 

scans, it would not have been ethical or economical defendable to perform scans on healthy 

individuals depending on the radiation the patient is exposed to during the examination. In the 

future, when the MRI technology is developed, there will be possibilities to investigate healthy 

subjects as well. 
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Appendix

Table 9. Temperature. Average temperature during the day of PET-CT scan, BAT+ surveys.

Figure 13. Numbers of BAT+ each month. Only the scans with highest SUVmax in BAT+ individuals are 
diaplayed.

     

Figure 14. Temperature at PET-CT scans. Average outdoor temperature during the day of the scan.
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date 1 mintemperature average temperature maxtemperature date 2 mintemperature average temperature maxtemperature
07-12-12 -4,4 -1,9 1,5
08-05-27 4,2 12,3 19,4
06-08-30 9,1 16 23
06-05-17 0,1 7,6 13,1
06-11-23 2,8 4,2 6 07-01-15 -2,5 2,3 6,8
07-10-05 5,2 8,6 10,9 09-06-15 6,9 9,3 12
06-05-09 6,1 14,7 22,6 07-04-23 4,2 8,2 11,1
07-08-09 17,1 21,2 25,2
05-09-19 11 14,5 19,8
05-08-22 8,3 15,5 21,8
10-05-31 4,8 13,6 19,7



Figure 15. Age. Displays age at the first PET-CT scan or at the scan with highest SUVmax in BAT- respective BAT+ 
individuals

Table 10. Percent per month. Number of subjects each month, number and percent of BAT+ (SUVmax) each month

Table 11. Raw data. Data used in the statistical analyses.
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1 January 4 0 0
2 February 8 0 0
3 March 5 0 0
4 April 4 0 0
5 May 8 4 50
6 June 7 1 14
7 July 2 0 0
8 August 8 3 38
9 September 8 1 13

10 October 6 0 0
11 November 6 1 17
12 December 3 1 33



29

id sex BAT BMI
3 f 34 BAT+ 22,46 12 -1,9
4 f 33 BAT- 24,46 9 15,7
8 m 33 BAT- 19,49 5 8,4
9 m 31 BAT- 22,99 11 8,5

10 f 32 BAT+ 21,72 5 12,3
12 f 31 BAT- 21,47 5 12,7
14 f 29 BAT- 23,66 2 2,9
15 m 22 BAT- 22,53 4 11,7
16 m 21 BAT- 15,44 8 17,6
17 f 18 BAT- 24,86 3 -2
18 f 18 BAT- 25,83 6 13,8
19 f 17 BAT- 27,58 6 19,2
20 f 20 BAT+ 20,98 8 16
21 m 17 BAT+ 19,14 5 7,6
22 f 18 BAT- 23,05 2 0,5
23 m 12 BAT+ 15,62 11 4,2
24 m 21 BAT- 29,33 2 -1,3
25 m 17 BAT- 16,33 9 12,9
26 m 59 BAT- 26,04 9 16,2
27 f 33 BAT+ 20,2 6 9,3
28 f 24 BAT- 46,71 3 -7
29 f 25 BAT- 24,22 10 9,4
30 m 25 BAT- 27,78 8 15,1
31 m 22 BAT+ 17,63 5 14,7
32 m 18 BAT- 23,12 2 -2,8
33 f 17 BAT+ 20,76 8 21,2
34 m 14 BAT- 17,38 6 15,6
35 m 78 BAT- 23,83 4 14,3
36 f 78 BAT- 19,72 4 6,5
41 m 58 BAT- 18,62 2 -0,4
42 f 54 BAT- 21,51 5 16,9
43 m 55 BAT- 20,34 11 3
44 f 52 BAT+ 26,81 9 14,5
46 m 54 BAT- 30,69 10 4,4
47 f 48 BAT- 33,98 11 7,4
50 f 41 BAT- 19,03 9 18,4
52 m 41 BAT- 27,67 2 -14,5
53 f 46 BAT- 24,17 8 15,3
54 m 41 BAT- 22,31 7 17,9
55 m 39 BAT- 26,04 11 2,4
56 f 37 BAT+ 20,8 8 15,5
57 f 36 BAT- 30,48 5 15,4
58 f 37 BAT- 19,98 6 16,8
59 m 37 BAT- 21,55 4 2,2
63 f 33 BAT- 1 -5,8
66 f 35 BAT- 26,82 8 17,9
68 m 30 BAT- 23,36 10 2,3
79 f 23 BAT- 19,14 9 8,5
80 m 19 BAT- 24,21 10 7
81 m 34 BAT- 6 17
83 f 17 BAT- 25,8 6 13
84 m 74 BAT- 23,12 1 -13,4
85 f 55 BAT- 25,21 3 -0,4
86 f 29 BAT- 23,42 12 -13,1
87 f 23 BAT- 20,18 1 -8,9
88 m 34 BAT- 26,24 9 14,2
89 m 57 BAT- 26,86 2 -3,5
90 f 51 BAT- 23,34 8 20,7
91 f 23 BAT- 25,35 10 6
92 m 43 BAT- 23,59 11 1,2
93 f 24 BAT+ 20,55 5 13,6
94 m 44 BAT- 25,86 2 -13,2
95 f 65 BAT- 20,55 3 1,9
96 m 58 BAT- 25,28 3 -0,6
98 m 29 BAT- 29,32 7 18,7
99 m 55 BAT- 23,83 1 -4,6

100 f 24 BAT- 25,91 10 8
101 f 28 BAT- 34,77 9 7,2
102 f 19 BAT- 23,88 12 -5,2

age, 1st vistit/BAT+(SUVmax) month_no, 1st visit /BAT+(SUVmax) temp, 1st visit /BAT+(SUVmax)
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