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Purpose  Brown fat, or brown adipose tissue (BAT), is involved in non-shivering thermogenesis and creates heat through
glucose metabolism. BAT activation occurs stochastically by internal factors such as age, sex, and body mass
index (BMI) and external factors such as temperature and environment. In this study, as a retrospective,
electronic medical record (EMR) observation study, statistical analysis is conducted to confirm BAT activation
and various factors.

Materials and Methods  From January 2018 to December 2019, EMR of patients who underwent PET/CT scan at the National Cancer
Center for two years were collected, a total of 9155 patients were extracted, and 13442 case data including
duplicate scan were targeted. After performing a univariable logistic regression analysis to determine whether
BAT activation is affected by the environment (outdoor temperature) and the patient's condition (BMI, cancer
type, sex, and age), A multivariable regression model that affects BAT activation was finally analyzed by
selecting univariable factors with P<0.1.

Results  BAT activation occurred in 93 cases (0.7%). According to the results of univariable logistic regression analysis,
the likelihood of BAT activation was increased in patients under 50 years old (P<0.001), in females (P<0.001),
in lower outdoor temperature below 14.5°C (P<0.001), in lower BMI (P<0.001) and in patients who had a
injection before 12:30 PM (P<0.001). It decreased in higher BMI (P<0.001) and in patients diagnosed with lung
cancer (P<0.05) In multivariable results, BAT activation was significantly increased in patients under 50 years
(P<0.001), in females (P<0.001) and in lower outdoor temperature below 14.5°C (P<0.001). It was
significantly decreased in higher BMI (P<0.05).

Conclusion A retrospective study of factors affecting BAT activation in patients who underwent PET/CT scan for 2 years
at the National Cancer Center was conducted. The results confirmed that BAT was significantly activated in
normal-weight women under 50 years old who underwent PET/CT scan in weather with an outdoor temperature
of less than 14.5°C. Based on this result, the patient applied to the factor can be identified in advance, and it is
thought that it will help to reduce BAT activation through several studies in the future.
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Fig. 1. An example of a PET/CT scan of a patient with high brown
adipose tissue (BAT) uptake in the neck, interscapular,
supraclavicular and paravertebral regions is shown. BAT can
usually be distinguished from pathological uptake by its typical
pattern,
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Table 1. Electronic Medical Records characteristics of 13442

cases of PET/CT

Variable N (%) or median (min, max)
Total 13442(100)
BAT activation
No 13349(99.3)
Yes 93(0.7)
Age (year) 61(1, 99)
Sex
Male 5976(44.5)
Female 7466(55.5)

Outdoor Temperature (°C)
BMI (kg/m®)

Blood glucose level
(mg/dL)
(Missing=214)

Site
A
B
Injection time
Stomach cancer
No
Yes
Colon cancer
No
Yes
Liver cancer
No
Yes
Breast cancer
No
Yes
Uterine cancer
No
Yes
Lung cancer
No
Yes
Thyroid cancer
No
Yes
Etc.
No
Yes

15.8(-17.8, 39.3)
23.1(11.1, 48.1)

94(52, 356)

9399(69.9)
4043(30.1)
11:16 (07:56, 19:07)

12889(95.9)
553(4.1)

12654(94.1)
788(5.9)

12995(96.7)
447(3.3)

10593(78.8)
2849(21.2)

12899(96.0)
543(4.0)

8698(64.7)
4744(35.3)

13103(97.5)
339(2.5)

9079(67.5)
4363(32.5)
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Fig. 2. Percentage of PET/CT scans with brown adipose tissue (BAT) activation vs age(A), outside temperatures(B), body mass index(C),
blood glucose levels(D) and injection time(E) is shown.
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Table 2. The results of the univariable and multivariable analysis using the logistic regression analysis with BAT activation as a

dependent variable is shown

Univariable Multivariable
OR (95% CI) OR (95% CI)
Variable N(EVENT) N=13442/EVENT=93 P-value = N=13442/EVENT=93 P-value
Age (year)
>50 10719(31) 1 (ref) 1 (ref)
<50 2723(62) 8.03(5.21-12.39) <.0001 5.43(3.47-8.49) <.0001
Sex
Male 5976(9) 1 (ref) 1 (ref)
Female 7466(84) 7.54(3.79-15.01) <.0001 5.01(2.48-10.10) <.0001
Outdoor Temperature (°C)
> 145 7147(25) 1 (ref) 1 (ref)
<14.5 6295(68) 3.11(1.96-4.93) <.0001 3.08(1.93-4.91) <.0001
BMI (kg/m?)
18.5 < BMI < 25 8537(64) 1 (ref) (0.0007) 1 (ref) (0.0054)
BMI < 18.5 1013(15) 1.99(1.13-3.51) 0.0172 1.77(0.99-3.15) 0.0542
BMI > 25 3892(14) 0.48(0.27-0.85) 0.0125 0.52(0.29-0.93) 0.0272
Blood glucose level (mg/dL)
(Missing=214)
>100 4628(10) 1 (ref)
<100 8600(72) 3.90(2.01-7.56) <.0001
Site
A 9399(75) 1 (ref) 1 (ref)
B 4043(18) 0.56(0.33-0.93) 0.0257 0.70(0.41-1.18) 0.1765
Injection time
>12:30 6181(35) 1 (ref) 1 (ref)
<12:30 7261(58) 1.41(0.93-2.15) <.0001 1.36(0.89-2.10) 0.1592
Stomach cancer
No 12889(91) 1 (ref)
Yes 553(2) 0.51(0.13-2.08) 0.3478
Colon cancer
No 12654(88) 1 (ref)
Yes 788(5) 0.91(0.37-2.25) 0.8414
Liver cancer
No 12995(91) 1 (ref)
Yes 447(2) 0.64(0.16-2.60) 0.5295
Breast cancer
No 10593(81) 1 (ref)
Yes 2849(12) 0.55(0.30-1.01) 0.0531
Uterine cancer
No 12899(91) 1 (ref)
Yes 543(2) 0.52(0.13-2.12) 0.3617
Lung cancer
No 8698(70) 1 (ref) 1 (ref)
Yes 4744(23) 0.60(0.37-0.96) 0.0343 0.85(0.53-1.38) 0.5161
Thyroid cancer
No 13103(88) 1 (ref) 1 (ref)
Yes 339(5) 2.21(0.83-5.49) 0.0861 1.96(0.78-4.96) 0.1553
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