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ABSTRACT
Aim: Non-alcoholic fatty liver disease is one of the most common causes of liver disease worldwide with an estimated prevalence 
of 20%–30% in adult population. Following the widespread utilization of PET in the evaluation of malignant diseases, F-18 
FDG have also been reported to be used in non-malignant processes. The aim of this study is to elucidate whether the FDG 
SUVmax values determined by PET/CT in different adipose tissue samples and the liver change according to  NAFLD score. 
During our desktop research we did not find any published article therefore, it is the first study in this field.
Materials and Method: A total of 230 patients who applied to Dicle University Faculty of Medicine, Department of Nuclear 
Medicine between March and April 2020 and who have been conducted FDG PET/CT for diagnosis, staging, restaging and 
evaluation of response to treatment were included in the study. Patients were divided into three groups according to their 
NAFLD score as patients with fibrosis score <-1,455 (the group in which severe fibrosis was excluded) as group-1, and those 
with NAFLD score between -1.455-0.676 (inter-mediate score) as group-2. and patients with a NAFLD score >0.676 (severe 
fibrosis group) group-3. 
Results: Liver SUVmax levels were found to be significantly higher in group-3 than group-1. No significant difference was 
observed between group-2 and group-3. SUVmax levels measured from supracalvicular region, posterior scapular region and 
mesentery region were not different from each other in all three groups. Glucose-corrected liver SUVglu levels were found to 
be significantly lower in group-1 than group-3 (p=0.001). In terms of liver SUVglu levels, group-1 and group-2 and group-2 
and group-3 did not differ statistically from each other. Supracalvicular SUVglu, posterior scapular SUVglu and mesenteric 
SUVglu groups were not different from each other.
Conclusions: The most important result of this study could be elaborated with increased FDG uptake in NAFLD. Liver FDG 
uptake increases as the severity of NAFLD increases as demonstrated by the NAFLD score.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of 
the most common causes of liver disease worldwide. 
NAFLD is a broad terminology that includes simple fatty 
liver spectrum of chronic liver disease that progresses to 
non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis 
and end-stage liver (1-4). The excessive accumulation of 
triglycerides and cholesterol in the liver is classified as 
alcoholic fatty liver disease or non–alcohol-related fatty 
liver disease (NAFLD). NAFLD is the most common 

chronic liver condition in the developed countries, 
with an estimated prevalence of 20%–30% in adult 
population (5,6).

PET/CT technology is a non-invasive imaging method 
commonly utilized as it provides important metabolic 
and functional data and high spatial resolution. Fluorine 
(F)-18, a radiopharmaceutical glucose analogue is a 
labeled Fluoro-2-deoxy-D-glucose (FDG) compound is 
mostly used in routine practice (7).  The sensitivity and 
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specificity of FDG PET/CT is quite high in metastatic 
liver lesions and other possible metastatic foci due to 
the whole body scanning advantage (8). Lymphocytes 
involved in infectious and inflammatory events, such 
as neutrophils and macrophages increased intracellular 
hexokinase and surface glucose transporter present a 
similar pattern to malignant cells and show affinity for 
F-18 FDG (7,8) . 

Adenosine triphosphate located inside the inflammatory 
cells phosphorylates FDG and increases concentration 
cytoplasmic conversion of FDG to FDG 6-phosphate. 
However, as FDG-6-phosphate is not the convenient 
substrate for glucose-6-isomerase enzyme it cannot enter 
into metabolic reactions and accumulates inside the 
cells. The accumulation of FDG due to increased glucose 
transport activity during inflammatory processes on 
glucose metabolism and the amount of FDG accumulated 
derives information about the pathological areas showing 
impaired glucose metabolism in three dimensional 
display (9,10).   

SUV is a semiquantitative measurement which 
corresponds to measured activity normalized for body 
weight/surface area and injected dose (11, 12). The 
formula for calculation of SUV is region of interest 
(ROI) activity (mCi/mL) x body weight (g) / injected 
dose (mCi). SUV is a proportional value without units, 
rather than being an absolute value in characterization of 
lesions, so for the quantification of tumour FDG uptake 
there was always a need for a site in the body which is 
presumed to have normal FDG uptake (13,14). If the 
18F-FDG uptake in the target lesion is greater than in the 
liver in terms of SUV, the hypermetabolic focus would be 
considered abnormal (15). 

Study Hypothesis
The aim of this study is to elucidate whether the FDG 
SUVmax values determined by PET/CT in different 
adipose tissue samples of the liver and body change 
according to  NAFLD score.

Fatty liver has been elaborated with different methods 
in previous studies. In this research we preferred to 
proceed by calculating the NAFLD score, considering it 
as a practical method. During our desktop research we 
did not find any published article therefore, it is the first 
study in this field.

MATERIAL AND METHOD
The study was carried out with the permission of Dicle 
University Medical Faculty Non-interventional Studies 
Ethics Committee (Date: 2021, Decision No: 358). All 
procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki.

A total of 230 patients who applied to Dicle University 
Faculty of Medicine, Department of Nuclear Medicine 
between March and April 2020 and who have been 
conducted FDG PET/CT for diagnosis, staging, 
restaging and evaluation of response to treatment were 
included in the study. Because the study was designed 
retrospectively, no written Informed consent form was 
obtained.

NAFLD fibrosis score is a non-invasive, simple and 
easy-to-apply scoring system, which is obtained using 
6 variable parameters (age, presence of impaired fasting 
glucose (IFG) or diabetes, body mass index (BMI), AST/
ALT ratio, platelet count, and albumin) and allows to 
accurately determine the presence, absence and severity 
of fibrosis(16). The files of the patients were examined 
(blood tests in the last month were examined),  and the 
patients with ALT, AST,  albumin and platelet levels 
in their files were included in the study. The height 
and weight of the patients were measured and their 
BMI (body mass index) was calculated. Patients were 
divided into three groups according to their NAFLD 
(Non-alcoholic fatty liver disease) score. According to 
the score defined by Angulo P et al. (16), patients with 
fibrosis score <-1,455 (the group in which severe fibrosis 
was excluded) as group-1, and those with NAFLD score 
between -1.455-0.676 (inter-mediate score) as group-2. 
and patients with a NAFLD score >0.676 (severe fibrosis 
group) were classified as group-3. 

In group-1, a total of 28 of patients had diabetes or IGT 
and 66 did not. In group-2, 37 had diabetes or IGT, while 
50 did not. In group-3, 41 of the patients had diabetes or 
IGT, 8 did not.

SUVmax value was calculated by drawing 1 cm 
diameter ROI (region of interest) from the periphery 
of the right lobe of the liver. In addition, SUVmax 
values were measured from the fatty planes in the right 
supraclavicular region, from the subcutaneous tissue 
of the posterior part of the left scapula, and from the 
mesenteric area of the abdomen. All three groups 
were compared and was investigated whether there 
was a difference between the SUV values obtained 
from the supraclavicular region, especially the liver, 
and the mesentery of the infracalvicular region. In 
addition, patients' glucose-adjusted SUV values were 
SUVmax×blood glucose level/100 were calculated via 
SUVglu in order to compare 3 groups (17). 

Method and Device Information
For the FDG PET/CT imaging, patients were required 
to fast for at least 6 h and have a blood glucose level of 
140 mg/dL. FDG at a dose of 0.1 mCI/kg was injected 
intravenously into the patients. After the injection, the 
patients were kept in a special lead-coated room for 1 h 
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for the medication to spread through the whole body, 
and a CT scan of the whole body (from vertex to knees) 
was performed. Subsequently, whole-body emission 
scanning was performed with PET. A 2016 model 
Siemens Horizon brand PET/CT device with 3D-TOF 
was used for imaging. The slice thickness of the device 
was 3 mm, and the images were created according to 
PET iterative and by the CT bp-LOR reconstruction 
processing method. The low-dose CT device used 
for anatomical detail and attenuation correction was 
adjusted to 80 mA and 120 kV (Siemens Healthcare, 
GmbH Henkestrasse 127, 91052 Erlangen, Germany).

Anthropometric Evaluations
According to the height and body weight data obtained 
from the file records of the patients, the BMI of the 
patients was calculated with the formula weight(kg) /
height(m)2.

Inclusion Criteria
Patients who had blood tests in the last month and 
whose bio-distribution of F-18 FDG in the whole body 
was within normal limits.

Exclusion Criteria
Patients with liver cancer or liver metastasis were not 
included to the study as these cancer types may affect 
liver SUV. Patients  with alcoholic stetohepatitis, 
viral hepatitis, pregnancy, autoimmune hepatitis, 
drug-induced toxic hepatitis, cirrhosis, insulin and 
pioglitazone using individuals have been excluded 
from the study. Imaging was performed in patients who 
received chemotherapy after waiting at least two weeks 
from the last chemotherapy

Statistical Analysis 
IBM SPSS 21.0 for Windows statistical package 
program was used for the statistical evaluation of the 
data. Measurable variables were presented as mean 
± standard deviation, and categorical variables as 
numbers and percentages (%). The chi-square (χ2) 
test was used for comparing categorical variables.  
Oneway Anova and Post-Hoc Bonferroni were used for 
comparing measurable variables. Pearson correlation 
test was used to show correlation between NAFLD score 
and liverSUVmax, liverSUVglu age and glucose levels.  
A P value ≤0.05 indicated a statistically significant 
difference.

RESULTS
The mean ages of all three groups were statistically 
different from each other. The mean age of group-1 
was statistically significantly lower than group-2 and 
group-3 (p<0.001). The mean age was not different 

between group-2 and group-3. There was no difference 
between the groups in terms of gender. Group-1 mean 
body weight was significantly lower than group-2 
(p=0.03). There was no difference in body weight 
between group-2 and group-3. 

There was no difference between the three groups in 
terms of height and BMI. Fasting blood glucose was 
found to be different from each other when all three 
groups were compared  (p=0.001). Fasting blood glucose 
level was found to be significantly lower in group-1 than 
group-2 (p<0.0001). 

The proportion of patients with impaired glucose 
tolerance and diabetes was found to be significantly 
higher in group-3 and group-2 than in group-1. Gender 
distribution, age, anthropometric parameters, glucose  
AST , ALT,  albumin and platelet levels of the groups 
have been presented in Table 1. 

AST levels were significantly different from each other 
in the three groups (p=0.004). While the AST level 
of group-1 was found to be significantly lower than 
group-3 (p=0.003), the AST level of group-2 was found 
to be significantly lower than group-3 (p=0.02). ALT 
levels did not differ between groups.
All three groups were different from each other in terms 
of platelet levels. Group-1 had lower platelet levels than 
group-2, while group-2 had a significantly lower platelet 
level than group-3 (p=0.0001).
The albumin levels in the three groups were significantly 
different from each other (p=0.0001). While the albumin 
level of group-1 was found to be significantly lower than 
group-3 (p=0.0001), the AST level of group-2 was found 
to be significantly lower than group-3 (p=0.0001).

Liver SUVmax levels were found to be significantly 
higher in group-3 than group-1. No significant 

Tablo 1.  Sex distribution, age, anthropometric parameters, glucose  
AST ,ALT Albumin and platelet levels of the groups

Group 1 
(n=94)

Group 2 
(n=87)

Group 3 
(n=49)

P 
value

Age 
(years)±SD 48.01±13.92 59.5±13.3  62.7±13.4 0.0001

Gender 
(female/male) 55/39 40/47 29/20 >0.05

BMI 
(kg/m2) 25.0±4.8 26.7±4.7 25.9± 5.5 >0.05 

Glucose 
(mg/dl) 97.94±23.44 106.6±21.16 115.78±31.09 0.001

AST 
(IU/L) 24.46±23,33 27.5±18.5 41.4±47.7 0.004

ALT
(IU/L) 23.11±22.87 22.2 ±23.4 21.3±23.9 >0.05

Platelets 
(cell/ml) 331±109 239±74 170±95 0.0001

Albumin 
(g/dl) 3.89±0.56 3.76±0.63 2.99±0.75  

0.0001
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difference was observed between group-2 and group-3. 
SUVmax levels measured from supracalvicular region, 
posterior scapular region and mesentery region were 
not different from each other in all three groups. 
NAFLD score showed a positive correlation with the  
liver SUVmax (r=0.254, p=0.02) liverSUVglu(r=0.284, 
p=0.01), age (r=0.482, p=0.001) and (r=0.225, p=0.03) 
glucose levels. (Table 2, Figure 1).

Glucose-corrected liver SUVglu levels were found to be 
significantly lower in group-1 than group-3 (p=0.001). 
In terms of liver SUVglu levels, group-1 and group-2 
and group-2 and group-3 did not differ statistically from 
each other. Supracalvicular SUVglu, posterior scapular 
SUVglu and mesenteric SUVglu groups were not different 
from each other (Table 2, Figure 2).

DISCUSSION
In our study, patients with a high NAFLD score have 
increased liver FDG Uptake. We did not find a similar 
study in our literature review. The articles in the literature 
on this subject are limited to FDG uptake measurements 
in patients with steatohepatitis, and fibrosis has been 
evaluated with either an invasive method such as 
liver biopsy or liver MRI, which is very expensive or 
invasive for the patient (18,19). In our study, this easy 
and reproducible non-invasive model was used and 
its relationship with increased liver FDG uptake was 
emphasized. 

The majority of patients with NAFLD will have fatty 
liver and liver inflammation resulting in altered hepatic 
FDG kinetics(20, 21). Fatty liver disease, which means 
accumulation of fat in the form of triglycerides and 
cholesterol in the liver cells, might induce some sort of 
inflammation and FDG uptake may be increased as a 
result of irreversible FDG accumulation in inflammatory 
cells, suggesting that FDG PET could be developed as a 
potential imaging approach to NASH (22). The reason 
for increased FDG uptake in fatty liver can be explained 
by increased Kupffer cell activity and FDG trapping (23).

In this study we found that liver SUV levels were found 
to be significantly higher in group-3 than group-1. No 
significant difference was observed between group-2 
and group-3. SUV levels measured from supracalvicular 
region, posterior scapular region and mesentery region 
were not different from each other in all three groups. 
Glucose-corrected liver SUVglu levels were found to be 
significantly lower in group-1 than group-3. In terms of 
liver SUVglu levels, group-1 and group-2 and group-2 
and group-3 did not differ statistically from each other. 
Supracalvicular SUVglu, posterior scapular SUVglu 

Table 2. NAFLD score of the groups, SUV measurements from 
the liver supraclavicular supscapular and mesenteric region, and 
SUVglu measurements corrected for glucose level

Group 1 
(n=94)

Group 2 
(n=87)

Group 3 
(n=49)

P 
value

NAFLD score -2.80±1.18 -0.447±0.643 2.223±1.279 0.0001

Liver SUVmax 3.39±0.74 3.66±0.73 3.68±0.77 0.02

Supraclavicular 
region SUVmax 0.57±0.12 0.53±0.12 0.52±0.10 >0.05

Posterior scapular 
SUVmax 0.55± 0.12 0.53±0.16 0.55±0.15 >0.05

Mesenteric SUV 0.65±0.36 0.60± 0.12 0.61± 0.15 >0.05

Liver SUVglu 3.79±1.76 4.50±1.85  5.22 ± 2.79 0.001

Supraclavicular 
region SUVglu 0.63±0.26 0.65±0.29 0.72±0.34 >0.05

Supscapular 
SUVglu 0.61±0.30 0.64±0.28 0.75 ±0.34 >0.05

Mesenteric 
SUVglu 0.25±0.18 0.72±0.30 0.86 ±0.45 >0.05

Figure 1. Liver SUVmax values of all three groups. The liver SUVmax 
value of group-1 was found to be significantly lower than group-3. 
Group-1 and group-2 Liver SUVmax values were not different. Liver 
SUVmax values of group-2 were not lower than group-3.

Figure 2. Liver SUVglu values of all three groups. The liver SUVglu 
value of group-1 was found to be significantly lower than group-3. 
Group-1 and group-2 Liver SUVglu values were not different. Liver 
SUVglu values of group-2 were not lower than group-3.
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and mesenteric SUVglu groups were not different from 
each other. The most important phrase that one could 
derive from this data could be elaborated as, FDG 
uptake increased in NASH and FDG SUVmax has been 
detected statistically significantly higher in the group 
with higher NAFLD scores compared to the group with 
lower NAFLD scores. FDG uptake may be increased as a 
result of irreversible FDG accumulation in inflammatory 
cells, suggesting that FDG PET could be developed as a 
potential imaging approach to NASH (24, 25).

In this study fasting blood glucose was found to be different 
from each other when all three groups were compared. 
Fasting blood glucose level was found to be significantly 
lower in group-1 than group-2. Blood glucose levels can 
affect liver FDG SUVmax and therefore FDG SUVmax 
may have been different in the group with high NAFLD 
scores. FDG SUVglu levels, in which FDG uptake is 
calculated according to the patient's blood glucose 
level, can provide a correction opportunity according to 
glucose levels (26). In our study, FDG SUVglu levels were 
found to be significantly higher in the group with high 
NAFLD score. Based on these findings, the reason for the 
increase in FDG uptake seems to be due to a different 
cause than the patient's blood glucose levels.

The AST level of group-1 was found to be significantly 
lower than group-3, the AST level of group-2 was found 
to be significantly lower than group-3. ALT levels did not 
differ between groups. All three groups were different 
from each other in terms of platelet levels. Group-1 had 
lower platelet levels than group-2, while group-2 had 
a significantly lower platelet level than group-3. The 
albumin levels of group-1 was found to be significantly 
lower than group-3. Ozulker et al. (27) found a statistically 
significant difference between the body weight, serum 
ALT levels, DM, and glucose levels of the patients with 
fatty liver and the control group. Patients with fatty liver 
disease have higher AST and ALT levels .

In some cases, NAFLD score may clarify the reason of 
increase in FDG uptake. Liver biopsy is performed to 
identify fibrosis and in addition to this the fibrosis score 
of patients can be predicted with lower FDG doses (28). 
In this case the calculation of the NAFLD score can 
reveal whether the FDG increase is due to the increase in 
the NAFLD score. The liver FDG SUV values are used as 
reference SUV values and if the NAFLD score is high in 
the patient, then the FDG SUVmax values will increase, 
thus causing false judgements because the reference SUV 
levels change. Currently liver biopsy is the gold standard 
in NASH to show inflammation, fibrosis and the severity 
of the disease. However, this procedure is invasive and 
has difficulties in routine implementation. In this study 
we have shown that a relationship can be established 
between FDG uptake and the severity of the disease (29).

Limitations of the Study
The main limitation of this study could be elaborated by 
its study population as all the enrolled individuals were 
cancer patients. One of the limitations of our study is 
that it had a retrospective nature and the mean age was 
different between the groups.

CONCLUSION
The most important result of this study could be 
elaborated with increased FDG uptake in NASH. Liver 
FDG uptake increases as the severity of NASH increases 
as demonstrated by the NAFLD score. An increase in 
NAFLD score causes the formation of the inflammatory 
pathway leading to fibrosis. Future prospective studies 
with larger number of patients where inflammatory 
markers are to be measured may enlighten this situation 
better.
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