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Introduction

Positron emission tomography-computed tomography 
(PET/CT) with 2-deoxy-2-[F-18]fluoro-D-glucose 

(18F-FDG) is widely used to evaluate responses to cancer 

treatment. In clinical practice, the standardized uptake 

value (SUV) of background tissues such as the aortic 
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blood pool and the liver is often used as references for 
accurate treatment response interpretation (1-3). However, 
variations in biological factors such as blood glucose level 
and incubation time (time from FDG injection to PET/
CT scan) can affect the 18F-FDG uptake in these regions 
(4-7). This can be problematic when a metabolic response 
is defined, especially for quantitative evaluation, based on 
the PET Response Criteria in Solid Tumors (PERCIST). 
The PERCIST requires that a measurable tumor uptake is 
determined relative to the activity of a background (1-3). 

Prior studies reported that 18F-FDG uptake was 
decreased in the liver and increased in the muscles of 
patients with hyperthyroidism, likely due to increased 
endogenous liver glucose production and increased heat 
production by the muscles (8-10). Hypothyroidism is much 
more common than hyperthyroidism, especially in the aging 
population, in patients treated with certain drugs (lithium, 
amiodarone, tyrosine kinase inhibitors, immune checkpoint 
inhibitors, etc.), and in patients that have received neck 
radiotherapy (11-13). Theoretically, individuals with 
hypothyroidism should have increased liver glycogenesis 
but decreased skeletal muscle glucose uptake compared with 
individuals with normal thyroid function (14). Therefore, 
we hypothesized that the pattern of 18F-FDG uptake on 
PET/CT in patients with hypothyroidism would be the 
inverse of that in hyperthyroidism patients. Hypothyroidism 
should be noted before 18F-FDG PET/CT is used to 
evaluate cancer treatment response if the hypothesis is 
correct. To test our hypothesis, we characterized the 
referential background 18F-FDG uptakes in patients with 
hypothyroidism and compared them with those with normal 
thyroid function.

Methods

This study was approved by the Institutional Review Board 
of the West China Hospital and was conducted according 
to the Declaration of Helsinki guidelines. The requirement 
to obtain written, informed patient consent was waived 
because the study was retrospective.

Patient selection

A total of 36 patients with hypothyroidism who underwent 
PET/CT scans from June 2012 to December 2018 and 
met the following inclusion and exclusion criteria were 
involved in this retrospective study. The inclusion criteria 

were as follows: age higher than 18 years, thyroid status 
confirmed by a laboratory test within 2 days of the PET/
CT scan, normal liver and renal function, and normal 
blood cell count. Individuals with diabetes, a history of 
chemotherapy, tumor involvement of the aorta, liver, or 
muscle, history of liver radiotherapy, steatosis, hepatitis, or 
18F-FDG extravasation at the injection time were excluded 
from the study. Hypothyroidism was defined based on a 
serum thyroid-stimulating hormone (TSH) level higher 
than 4.20 mU/L and free thyroxine concentrations below 
the reference range (12.0–22.0 mU/L). All patients had 
overt iatrogenic hypothyroidism, and 35 patients received 
total thyroidectomy because of thyroid cancer, and they all 
withdrew levothyroxine 2–3 weeks before PET/CT scans. 
The other 1 patient received radioiodine treatment due to 
Graves’ disease.

Based on the 1:1 age-gender paring rules, we also 
enrolled 36 control individuals who underwent cancer 
screening during the same period and were found to be 
healthy with normal thyroid function. Patients with a serum 
TSH level from 0.27–4.20 mU/L were considered to have 
normal thyroid function. Serum TSH was measured using a 
time-resolved immunofluorometric assay (Anytest; Sym-Bio 
Lifescience Co. Ltd, Shanghai, China).

PET/CT protocol

All of the participants fasted for at least 6 h before receiving 
an injection of 18F-FDG (5.55 MBq/kg). The participants’ 
fasting blood glucose levels were all within the normal 
range (less than 7.0 mmol/L). An attenuation CT scan 
was performed using a low-dose (120 kV, 40 mAs, slice 
thickness 5 mm), a non-contrast protocol for attenuation 
and localization of abnormal 18F-FDG activity. PET images 
were acquired from the mid-thigh to the skull base at a 
speed of 1.5 min per bed and reconstructed using a line-of-
response row-action maximum likelihood algorithm. All of 
the scans were performed using a Gemini GXL PET/CT 
scanner (Philips, Netherlands).

Measurements of background SUVs

Background mean SUVs from the aortic blood pool, liver, 
and muscle were recorded. We calculated the aortic blood-
pool SUV by drawing 3 circular regions of interest (ROIs) 
on 3 contiguous slices within the thoracic aorta’s lumen, 
taking care not to include the vessel wall in the ROIs. We 
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determined the liver SUV manually by placing a volume 
of interest with a diameter of 3 cm in the center of the 
right hepatic lobe (15). We determined the muscle SUV 
by selecting 3 circular ROIs on 3 contiguous slices in the 
erector spinae at the level of the 12th thoracic vertebra, 
making sure the ROIs were within the margins of the 
muscle. We then computed normalized SUVs (SULs) that 
accounted for lean body mass (LBM) using the following 
formulas, where BMI is body mass index (kg/m2) (15). 

( / ) ( ) / ( )VOI administeredSUL Act KBq mL Act MBq LBM kg=  [1]

9,270 / (6,680 216 )maleLBM weight BIM= × + ×  [2]

9,270 / (8,780 244 )femaleLBM weight BIM= × + ×  [3]

Statistical analysis

Background SULs along with patient factors [age, height, 
weight, BMI, blood glucose level, LBM, injected 18F-FDG 
dose, incubation time, accumulated radioiodine dose in 
patients that received radioiodine treatment, serum TSH 
levels, free triiodothyronine (FT3) levels, and free thyroxine 
(FT4) levels)] were recorded. Because of a methodological 
issue with specimen dilution, we could not accurately 
measure serum TSH levels higher than 100 mU/L, so we 
assigned serum TSH levels higher than 100 mU/L a value 
of 100 mU/L. We used the mean ± standard deviation (SD) 
for normal variables and the interquartile range P50 (P25, 
P75) for non-normal variables for descriptive statistics. We 
evaluated the normality of the data using the Kolmogorov-
Smirnov test. We compared the background SULs and 
patient factors between the patients with hypothyroidism 
and the controls using the independent sample t-test or 
Mann-Whitney U-test. Then, we calculated the relative 
difference in each background SUL between patients 
with hypothyroidism and the controls. Subsequently, we 
examined associations between the background SULs 
and the other patient factors by performing Pearson’s or 
Spearman’s correlations. Finally, we performed a stepwise 
multivariate analysis to determine the best predictors of the 
3 different background SULs. All statistical analyses were 
performed using SPSS 20.0 software (SPSS Inc., Chicago, 
Illinois, USA). P values less than 0.05 were considered 
statistically significant.

Results

Patient characteristics

A total of 72 participants matched for age and gender 
(mean age: 44.14±10.35 years; 40 female, 32 male) were 
included. The SULs and patient factors were distributed 
normally, except for the TSH, FT3, and FT4 levels, 
accumulated radioiodine dose, incubation time, and LBM. 
There were no significant differences between the patients 
with hypothyroidism and the controls in terms of height, 
weight, BMI, injected 18F-FDG dose, blood glucose 
level, incubation time, or LBM. There were significant 
differences between the 2 groups in TSH, FT3, and FT4 
levels (P<0.001 for each factor; Table 1).

Background SULs

The hypothyroidism patients had higher liver SUL (L-SUL) 
and blood-pool SUL (BP-SUL) than the controls. The 
L-SUL was 1.77±0.33 for the hypothyroid group and 
1.58±0.26 for the euthyroid group (P=0.009). The BP-SUL 
was 1.21±0.22 for hypothyroidism patients and 1.11±0.20 
for the controls (P=0.040). In contrast, the muscle SUL 
(M-SUL) was lower in the patients with hypothyroidism 
(0.50±0.09) than in the controls (0.54±0.09, P=0.044). The 
detailed results are shown in Table 2, Figures 1,2. 

Bivariate correlation analysis of the background SULs and 
other factors

All of the background SULs were positively correlated with 
gender, height, and LBM (P<0.01 for each correlation;  
Table 3). L-SUL and BP-SUL were positively correlated 
with weight, 18F-FDG dose, and TSH level (P<0.05, for 
each correlation). Also, M-SUL was positively correlated 
with the FT3 and FT4 levels (P<0.01 for each correlation). 
By contrast, BP-SUL was negatively correlated with 
incubation time (P=0.002). We investigated the correlations 
between the accumulated radioiodine dose and each 
background SUL to determine if radioiodine impacted, but 
we found no correlations with this factor. The correlations 
between SULs and thyroid function are shown in Figure 3.

As muscle activity, and therefore muscle 18F-FDG uptake 
may be partly dependent on muscular heat production, 
we took seasonal influences and the outside temperature 
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on the scanning day into account. We found that the 
M-SUL was not correlated with the season and outside 
max/min temperature. The detailed results are shown in  
Tables S1,S2.

Multivariate linear regression of the background SULs 
and other patient factors

After adjusting for all other significant factors that included 
gender, height, weight, 18F-FDG dose, LBM, incubation 
time, TSH, FT3, and FT4 in the bivariate correlations 

using a stepwise multivariate analysis, we found that 
the TSH level was an independent predictor of L-SUL 
(β=0.356, P<0.001) and BP-SUL (β=0.288, P=0.001). In 
addition, we found that the FT3 level was an independent 
predictor of M-SUL (β=0.310, P=0.002; Table 4).

Discussion

It is common in clinical practice to use PET/CT with 
background activity as a reference to assess the treatment 
response of lymphoma or solid cancers. A complete 

Table 1 General characteristics of the study participants

Characteristics Hypothyroid Euthyroid t or Z value P value

Gender Female 20, male 16 Female 20, male 16 0.000 1.000

Age 44.14±10.35 44.14±10.35 0.000 1.000

Height (cm) 164.33±7.81 163.5±8.68 0.428 0.670

Weight (kg) 64.50±13.27 61.16±9.40 1.241 0.219

BMI (kg/m2) 23.69±3.10 22.89±3.13 1.086 0.281

FDG dose (MBq) 375.92±65.86 357.42±55.87 1.342 0.184

Blood glucose level (mmol/L) 5.05±0.53 5.29±0.51 −1.604 0.113

LBM* 40.81 (36.87, 54.63) 39.51 (36.07, 52.23) −0.569 0.570

Incubation time (min)* 63.77 (56.43, 71.05) 65.20 (57.72, 71.43) −0.631 0.528

TSH* 99.41 (65.31, 100.00) 2.07 (1.28, 2.69) −7.356 <0.001

FT3* 1.29 (1.06, 1.76) 4.71 (4.38, 5.31) −7.299 <0.001

FT4* 2.92 (1.55, 3.95) 16.87 (15.41, 18.05) −7.298 <0.001

Accumulated radioiodine dose 
in DTC patients (MBq, n=27)

5,550 (3,700, 7,400) NA NA NA

P values were determined by two independent sample t-test and Mann-Whitney U-test between the patients with hypothyroidism and 
the controls. Factors labeled with * are expressed with the interquartile range P50 (P25, P75), because they were non-normal variables. 
The other factors were expressed with mean ± standard deviation. BMI, body mass index; LBM, lean body mass; TSH, serum thyroid-
stimulating hormone (normal range is 0.27–4.20 mU/L). Because of a methodological issue with specimen dilution, serum TSH levels 
higher than 100 mU/L could not be measured accurately, so levels higher than 100 mU/L were assigned a value of 100 mU/L; FT3, serum 
free triiodothyronine (normal range is 3.6–7.5 mU/L); FT4, serum free thyroxine (normal range is 12.0–22.0 mU/L); DTC, differentiated 
thyroid cancer; NA, not available.

Table 2 SULs of the liver, aortic blood pool, and skeletal muscle in the patients and controls

SULs Hypothyroid Euthyroid P value

L-SUL 1.77±0.33 (1.27–2.51) 1.58±0.26 (1.19–2.22) 0.009

BP-SUL 1.21±0.22 (0.87–1.70) 1.11±0.20 (0.67–1.69) 0.040

M-SUL 0.50±0.09 (0.31–0.84) 0.54± 0.09 (0.38–0.80) 0.044

Numbers in parentheses are the maximum and minimum values. L-SUL, liver normalized standard uptake value; BP-SUL, aortic blood-
pool normalized standard uptake value; M-SUL, muscle normalized standard uptake value.

https://cdn.amegroups.cn/static/public/QIMS-20-1310-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-20-1310-Supplementary.pdf
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metabolic response (CMR) is determined if the lesion’s 
residual activity is equal to or lower than that of the liver 
or blood pool (1-3). Accurate evaluation of the treatment 
response is important for prognosis prediction and for 
making decisions about the therapeutic strategy (2,16). Both 
require a stable background activity, which is susceptible 
to many biological factors (4-6). Therefore, various factors 
must be checked before PET/CT results are used to 
interpret a treatment response. Prior studies reported the 
effects of hyperthyroidism on liver and muscle 18F-FDG 
uptake (8-10). However, there is little information about 
the effects of hypothyroidism on background 18F-FDG 
uptake. We found that patients with overt hypothyroidism 
had higher L-SUL and BP-SUL and lower M-SUL than 
individuals with normal thyroid function. These variations 
in background activity should not be ignored in the 
interpretations of PET/CT images.

We found that the serum TSH level was an independent 
predictor of L-SUL. Although TSH might not directly 
impact liver glucose metabolism, it might have an indirect 
influence through its effects on other target organs. The 
TSH receptor (TSHR) is expressed in pancreatic islets, 
where its activation enhances insulin secretion from  
β-cells (17). Insulin can increase cell permeability 
and stimulate the catalytic actions of enzymes such as 

glucokinase, glycogen synthetase, and phosphofructokinase 
in the liver, which in turn increase the rates of glycogen 
formation and glycolysis in the liver (18-20). Additionally, 
Lyu et al.  showed that TSH increases the level of 
glucokinase in pancreatic islet β-cells and directly affects 
glucose uptake in these cells by upregulating the expression 
of glucose transporter 2 (GLUT-2) (17). Similar to 
pancreatic islet β-cells, hepatocytes also express TSHR, 
GLUT-2, and glucokinase (17,21-23). Therefore, the same 
biochemical process observed in pancreatic islet β-cells 
might also occur in hepatocytes, which would explain the 
observed relationship between TSH and L-SUL in our 
study. Finally, the liver SUL is typically determined by its 
contained un-phosphorylated 18F-FDG and its 18F-FDG-6-
phosphate. The former reflects blood FDG concentration. 
We also found a strong positive correlation between L-SUL 
and BP-SUL. Thus, the elevated BP-SUL may also partially 
explain the elevated L-SUL. 

There are several potential explanations behind the 
finding of the positive impact of TSH on BP-SUL. 
At the cellular level, TSHR is found in erythrocytes, 
lymphocytes, and granulocytes of the peripheral blood, 
which might influence metabolic activity (21,24). TSH 
enhances insulin secretion, which stimulates glucose 
absorption mediated by sodium-glucose cotransporter 2 
in the renal proximal tubules (25,26). As a glucose analog, 
18F-FDG is transported into the cells and gets trapped 
there after phosphorylation. In the presence of glucose-
6-phosphatase, the phosphorylated 18F-FDG can be 
dephosphorylated and released back into the blood (27). 
At the tissue level, glucose-6-phosphatase is expressed 
mainly in the liver, where phosphorylated 18F-FDG can be  
dephosphorylated (28). Therefore, there is a dynamic 
equilibration between the liver accumulation of 18F-FDG 
and free 18F-FDG in the blood pool. 

It has been reported that muscle glucose homeostasis 
and energy expenditure require the binding of T3 to 
thyroid hormone nuclear receptors (29). Hypothyroidism 
lowers the rate of ATP hydrolysis from muscle glucose 
metabolism, resulting in decreased heat production by the 
muscles (30). In individuals with normal thyroid function 
or hyperthyroidism, insulin promotes the trafficking of 
GLUT-4 from storage vesicles to the plasma membrane, 
thus facilitating glucose uptake from the circulation 
(18,31,32). The expression of GLUT 4 in muscle cells is 
T3 dependent; however, individuals with hypothyroidism 
are expected to have reduced GLUT 4 expression due to 
decreased levels of serum T3 (29). Also, the reduced rate of 
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Figure 1 Comparisons of the liver, aortic blood-pool, and skeletal 
muscle SULs between patients with hypothyroidism and controls. 
The circles in the error bars represent the mean SUL of each 
background, and the bars represent the 95% CI of the SULs of 
each group. SUL, standard uptake value normalized by lean body 
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glycolysis caused by hypothyroidism can result in a decrease 
in the rate of insulin-stimulated glucose utilization (31). 
For these reasons, glucose uptake is expected to be lower in 
patients with hypothyroidism than in patients with normal 
thyroid function or hyperthyroidism. Our results are in 
line with those of Chen et al., who investigated 18F-FDG 
uptake in patients with hyperthyroidism and found a 
positive correlation between the serum T3 level and muscle 
18F-FDG uptake (8). 

Adequate repeatability and reproducibility are essential 
for the evaluation of metabolic response following 
treatment. It is easy to use the same image acquisition and 
the same reconstruction parameters on patients with serial 

examinations or on patients treated with different regimes. 
However, it is difficult to maintain certain physiological 
conditions, such as thyroid function, across different time 
points or multiple patients. Our results suggest that patients 
with overt hypothyroidism are more prone to false CMR 
interpretation than patients with normal thyroid function 
because of the metabolic response criteria and the increased 
liver and blood-pool activities associated with overt 
hypothyroidism (1-3). Hence, knowledge of the impact 
of thyroid function on background activities is important 
for accurate response interpretation and for response 
comparisons among different therapeutic regimes.

The main limitation of our study was the relatively 

Figure 2 Representative PET maximum intensity projection images of a 37-year-old female patient with hypothyroidism (A) and age and 
gender-matched control individual (B). The 2 subjects were similar in height (162 and 163 cm), weight (50 and 57 kg), BMI (19.1 and  
21.5 kg/m2), blood glucose level (5.1 and 4.8 mmol/L), LBM (34.5 and 37.7 kg), injected 18F-FDG dose (290 and 321 MBq), and incubation 
time (64 and 72 min). The values for serum TSH (100 and 1.25 mU/L), free triiodothyronine (1.27 and 5.17 mU/L), and free thyroxine  
(2.99 and 13.96 mU/L) were typical for hypothyroid and euthyroid status, respectively. The liver and aortic blood-pool SULs were higher 
in the patient with hypothyroidism (1.52 and 1.02, respectively) than in the control subject (1.19 and 0.77, respectively). By contrast, the 
muscle SUL was higher in the control subject (0.44) than in the patient with hypothyroidism (0.41). SUL, standard uptake value normalized 
by lean body mass; BMI, body mass index; LBM, lean body mass; TSH, serum thyroid-stimulating hormone.

A B
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small sample size. The patients we selected all had severe 
iatrogenic hypothyroidism due to total thyroidectomy or 
radioiodine therapy, which might increase the statistical 
bias, and the results of our study may not be generalizable 
to mild hypothyroidism. Furthermore, we did not analyze 
whether tumor burden was one of the impact factors for 
the SULs in the overt hypothyroidism group. Viglianti 
et al. demonstrated that tumor burden harms these 
sites’ FDG uptake due to the FDG reservoir or sink  
effect (33). According to this, much higher liver and blood-
pool activities could be expected in the hypothyroid patient 
if there was no FDG avid tumor. Unlike in the prior study, 
none of the participants had multiple 18F-FDG PET/CT 
scans taken at times when their thyroid status was different, 

so it was not possible to make intrapatient comparisons 
between hypothyroid and euthyroid statuses (8). Also, we 
could not accurately measure serum TSH values higher 
than 100 mU/L because of a methodological issue, which 
might have affected our determination of the best predictors 
of different background SULs. 

Despite the limitations, our results still indicated that 
overt hypothyroidism increased liver and blood-pool 
18F-FDG uptake and decreased skeletal muscle 18F-FDG 
uptake compared with euthyroid individuals. We believe 
that overt abnormal thyroid function should be cured in 
patients who require metabolic response evaluation by 
18F-FDG PET/CT. The possibility of false-positive/false-
negative results should be taken into account for those 

Table 3 Significant bivariate correlations between background SULs and other patient factors

Significant factors Coefficient P value

L-SUL

Gender (male: 1, female: 0) 0.607 <0.001

Height 0.502 <0.001

Weight 0.417 <0.001

18F-FDG dose 0.455 <0.001

LBM* 0.600 <0.001

TSH* 0.302 0.010

BP-SUL

Gender (male: 1, female: 0) 0.524 <0.001

Height 0.476 <0.001

Weight 0.418 <0.001

18F-FDG dose 0.423 <0.001

Incubation time* −0.354 0.002

LBM* 0.519 <0.001

TSH* 0.299 0.011

M-SUL

Gender (male: 1, female: 0) 0.421 <0.001

Height 0.428 <0.001

LBM* 0.325 0.005

FT3* 0.376 0.001

FT4* 0.349 0.003

Factors labeled with * are Spearman correlations, because they were non-normal variables. The other factors were Pearson correlations. 
LBM, lean body mass; TSH, serum thyroid-stimulating hormone; FT3, serum free triiodothyronine; FT4, serum free thyroxine; L-SUL, liver 
normalized standard uptake value; BP-SUL, aortic blood-pool normalized standard uptake value, M-SUL, muscle normalized standard 
uptake value.
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Figure 3 The correlations between thyroid function and the SULs on 18F-FDG PET/CT by Spearman’s rank analysis. L-SUL (A) and 
BP-SUL (B) directly correlated with TSH levels (rho =0.302 and 0.299, both P<0.05). (C) M-SUL directly correlated with FT3 levels 
(rho =0.376, P<0.05). SUL, standard uptake value normalized by lean body mass; TSH, serum thyroid-stimulating hormone; FT3, serum 
free triiodothyronine; FT4, serum free thyroxine; L-SUL, liver normalized standard uptake value; BP-SUL, aortic blood-pool normalized 
standard uptake value, M-SUL, muscle normalized standard uptake value.
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who cannot recover thyroid function completely. Because 
the influence of thyroid function on glucose metabolism 
is systemic, it may also affect other organs. Whether there 
is a more suitable background region requires further 
study. Additionally, recombinant human TSH injection 
before 18F-FDG PET/CT may have a similar effect, 
although thyroid hormone levels are not significantly 
changed. Finally, for further validation of our results, 
studies with larger sample sizes will be required, and diverse 
hypothyroidism levels should be included.

Conclusions

PET/CT scans showed a pattern of increased 18F-FDG 
uptake in the l iver and blood pool and decreased 
18F-FDG uptake in the skeletal muscle in patients with 
hypothyroidism. The magnitude of the alterations in 

18F-FDG uptake corresponded to the severity of the 
hypothyroidism. Overt abnormal thyroid function should 
be noted before PET/CT is used to determine a cancer 
treatment’s metabolic response.
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blood-pool normalized standard uptake value; M-SUL, muscle normalized standard uptake value.
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Supplementary

Table S1 The comparation of the season and outside max/min temperature on scanning day between the two groups

Hypothyroid, n=36 Euthyroid, n=36 t/χ2 P value

Season, n (%) 3.493 0.322

Spring 7 (19.4) 11 (30.6)

Summer 8 (22.2) 11 (30.6)

Autumn 15 (41.7) 8 (22.2)

Winter 6 (16.7) 6 (16.7)

Maximum temperature (℃) −0.317 0.752

Mean ± SD 22.33±6.71 22.88±8.10

Range 9–33 8–33

Minimum temperature (℃) −0.682 0.498

Mean ± SD 13.80±6.92 14.91±6.90

Range 0–24 2–23

P values were determined by two independent sample t test and Chi-square test between the patients with hypothyroidism and the 
controls.

Table S2 Bivariate correlations between background SULs and season and outside max/min temperature on scanning day

Factors Coefficient P-value

L-SUL

Season* 0.043 0.721

Maximum temperature 0.014 0.905

Minimum temperature −0.005 0.969

BP-SUL

Season* 0.008 0.949

Maximum temperature −0.048 0.690

Minimum temperature −0.053 0.660

M-SUL

Season* −0.005 0.643

Maximum temperature 0.042 0.724

Minimum temperature 0.074 0.539

Factors labeled with * are Spearman correlations, because they were non-normal variables. The other factors were Pearson correlations. 
L-SUL, liver normalized standard uptake value; BP-SUL, aortic blood-pool normalized standard uptake value, M-SUL, muscle normalized 
standard uptake value.
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