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The negative impact of fatty liver on maximum standard
uptake value of liver on FDG PET
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Abstract

Purpose: The purpose of the study is to evaluate the impact of fatty liver on maximum standard uptake value (SUVmax) of liver on 2-
fluoro-2-deoxy-D-glucose (FDG) positron emission tomography (PET). Materials and methods: A total of 173 consecutive healthy subjects
were retrospectively recruited for analysis. Subjects with acute renal disease, chronic renal disease, or malignancy were excluded.
Demographic data were collected from chart records. All subjects performed whole-body FDG PET, sonography of liver, and glutamic
pyruvic transaminase (GPT) level. The SUVmax of liver on FDG PET was calculated. The relationship between the severity of fatty liver and
SUVmax of liver on FDG PET was analyzed. Results: There were significant differences in SUVmax of liver on FDG PET in four groups:
no fatty liver, mild-degree, moderate-degree, and severe-degree fatty liver on sonography diagnosis (P=.041). After adjusting for possible
covariates age, sex, body mass index, and GPT, there was a significantly negative correlation between the severity of fatty liver and SUVmax
of liver on FDG PET (β=−.20, Pb.001). Conclusion: Based on the results of this study, the liver cannot be used as a comparator of
extrahepatic foci of equivocal increased FDG activity in patients with fatty liver disease.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Fatty liver is the condition of fat accumulation in liver cell
via the process of steatosis (abnormal retention of lipids
within a cell). The prevalence of fatty liver disease in the
general population ranges from 10% to 24% in various
countries [1]. Fatty liver disease is the most common cause
of abnormal liver function test in the United States. Despite
having multiple causes, fatty liver occurs worldwide in those
with excessive alcohol intake and those who are obese. Fatty
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liver is also associated with other diseases that influence fat
metabolism. Accumulation of fat may be accompanied by a
progressive inflammation of the liver. With inflammation,
cell death, and fibrosis, the steatosis process may result in
end-stage liver disease or be a precursor of hepatocellular
carcinoma [2–5].

Positron emission tomography (PET) is a nuclear
medicine imaging technique that produces a three-dimen-
sional image or picture of functional processes in the body.
Clinical use of PET has grown rapidly because of its
usefulness in cancer diagnosis, staging, and management. 2-
Fluoro-2-deoxy-D-glucose (FDG) PET is a functional
imaging modality, which reflects cellular glucose metabo-
lism. FDG is the most commonly used radiopharmaceutical
for PET studies in oncology, and the tracer is a substrate of
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energy metabolism. Accumulation and trapping of FDG
allow the visualization of increased uptake in most malignant
cells compared to normal cells [6,7].

It has been reported that the oral cavity, the liver, the
stomach, and the colon could be visualized with various
degrees of FDG uptake in normal subjects [8]. FDG
accumulates not only in malignancies but also in inflamma-
tory processes [9–11]. It is important to be familiar with the
varying degree of FDG accumulation that represents normal
distribution, artifacts, and physiological changes before
attempting to interpret whole-body PET imaging for
malignancy detection [12]. The purpose of the study is to
evaluate the impact of fatty liver on maximum standard
uptake value (SUVmax) of liver on PET.
2. Materials and methods

A total of 173 consecutive healthy subjects from January,
2009, to December, 2009, referred from the Department of
Community Medicine and Health Examination Center of
China Medical University Hospital for health screening,
were retrospectively recruited for analysis. The study was
approved by the local institutional review board (DMR99-
IRB-010). Subjects with acute renal disease, chronic renal
disease, or malignancy were excluded. Demographic data
were collected from chart records. All subjects performed
whole-body FDG PET, sonography of liver, and serum liver
enzyme level [glutamic pyruvic transaminase (GPT)]. The
SUVmax of liver on FDG PET was calculated. After
adjusting for possible covariates age, sex, body mass index
(BMI), and GPT, the relationship between severity of fatty
liver and SUVmax of liver on FDG PET was analyzed.

2.1. Ultrasonographic diagnosis of severity of fatty liver

All subjects were divided into four groups: no fatty liver,
mild-degree, moderate-degree, and severe-degree fatty liver.
When only the relative brightness of the liver in comparison
to the renal parenchyma (L-K contrast) was noted, it was
defined as mild-degree fatty liver. When both L-K contrast
and blurring of the hepatic vein trunk were noted, it was
defined as moderate-degree fatty liver. When deep attenu-
ation (attenuation of the echo-bean in deep portion of the
right hepatic lobe) was noted, it was defined as severe-degree
fatty liver [13].
Table 1
Number of subjects, sex, mean values of BMI, and SUVmax of liver on FDG PET in
fatty liver

Degree of fatty liver No Mild

Number of subjects 61 49
Male vs. female 31 vs. 30 21 vs. 28
BMI 22.10±2.98 24.58±2.48
SUVmax 3.13±0.49 3.08±0.45
2.2. FDG PET

Whole-body PET images were acquired on a GE Advance
NXi scanner (35 image planes, 4.30 mm/slice, 15 cm
AFOV), 40 min to 1 h after intravenous injection of 370
MBq (10 mCi) of F-18-FDG. Emission PET images of the
neck, chest, abdomen, and pelvis were acquired in two-
dimensional mode, 4 min per bed position, followed by
transmission scans at selected sites. Images were recon-
structed using vendor-provided software and formatted into
transaxial, coronal, and sagittal image sets. All subjects
fasted for at least 4 h before the examination.

2.3. Standard uptake value

The SUVmax, which is defined as the ratio of activity
in tissue per milliliter to the activity in the injected dose
per patient body weight, has been proposed as a simple
useful semiquantitative index for FDG accumulation
in tissue.

SUVmax =
maximum activity in ROI kBqð Þ

injected dose MBqð Þ × body weight kgð Þ

2.4. Statistics

The STATA 11.0 computer package was used to
perform all statistical analysis. The statistical significance
level was set at .05. Data were described as the mean±S.D.
SUVmax of liver on FDG PET in the four groups (no fatty
liver, mild-degree, moderate-degree, and severe-degree
fatty liver) was compared by analysis of variance
(ANOVA). The relationship between severity of fatty
liver and SUVmax of liver on FDG PET was analyzed by
multiple linear regression analysis.
3. Results

A total of 104 males and 69 females were recruited in
this study. The mean age of the subjects was 53.54±9.47
years. The range of GPT values among the subjects was
8–184 IU/L. There were 61 subjects without fatty liver, 49
subjects with mild-degree fatty liver, 42 subjects with
moderate-degree fatty liver, and 21 subjects with severe-
four groups: no fatty liver, mild-degree, moderate-degree and severe-degree

Moderate Severe P

42 21
10 vs. 32 7 vs. 14
25.90±3.78 23.70±3.83 b.001
3.01±0.44 2.43±0.27 .041



Fig. 1. Box plot of SUVmax of liver on FDG PET in four groups: no fatty
liver, mild degree, moderate-degree, and severe-degree fatty liver.

Table 3
Relationship between age, sex, fatty liver severity and GPT, and maximum
SUV of liver on FDG PET in different levels of BMI by multiple linear
regression analysis

SUVmax vs. Coefficient P

BMI less than 18.5 (underweight)
Age −.03 .005
Sex .36 .07
Fatty liver severity −.64 .003
GPT .13 .01

BMI 18.5–24.9 (optimal)
Age .004 .41
Sex .09 .31
Fatty liver severity −.21 b.001
GPT .001 .69

BMI above 25 (overweight)
Age .0002 .98
Sex −.93 .62
Fatty liver severity −.14 .085
GPT .002 .48
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degree fatty liver. The mean values of BMI in subjects
without fatty liver, mild fatty liver, moderate fatty liver,
and severe fatty liver were 22.10±2.98, 24.58±2.48, 25.90
±3.78, and 23.70±3.83. There were significant differences
in BMI in four groups by ANOVA (Pb.001) (Table 1).
The mean SUVmax of liver in subjects without fatty liver,
mild degree, moderate-degree and severe-degree fatty liver
were 3.13±0.49, 3.08±0.45, 3.01±0.44, and 2.43±0.27.
There were significant differences in SUVmax of liver on
FDG PET in four groups by ANOVA (P=.041) (Table 1)
(Fig. 1). After adjusting possible covariates age, sex, BMI,
and GPT, there was significantly negative correlation
between severity of fatty liver and SUVmax of liver on
FDG PET by multiple linear regression analysis (β=−.20,
Pb.001) (Table 2). There was a significantly positive
correlation between BMI and SUVmax of liver on FDG
PET by multiple linear regression analysis (β=.035,
P=.002).

There was a significantly positive correlation between
BMI and the severity of fatty liver by Pearson correlation
(β=.30, Pb.001). Since BMI was the significant predictor
for SUVmax of liver on FDG PET, the subjects were
stratified by BMI values. According to the World Health
Organization classification, a BMI of 18.5 to 24.9 indicates
optimal weight [14]. Thus, the subjects were divided into
three groups by BMI values: a BMI lower than 18.5 (an
underweight person), 18.5 to 24.9 (person with optimal
Table 2
Relationship between age, sex, BMI, fatty liver severity and GPT, and
SUVmax of liver on FDG PET by multiple linear regression analysis

SUVmax vs. Coefficient P

Age .002 .59
Sex .025 .75
BMI .035 .002
Fatty liver severity −.20 b.001
GPT .002 .3
weight), and above 25 (an overweight person). When a
BMI was lower than 18.5, there was a significantly negative
correlation between the severity of fatty liver and SUVmax
of liver on FDG PET by multiple linear regression analysis
(β=−.64, P=.003). When a BMI was 18.5 to 24.9, there was
a significantly negative correlation between the severity of
fatty liver and SUVmax of liver on FDG PET by multiple
linear regression analysis (β=−.21, Pb.001). When a BMI
was above 25, there was a trend of negative correlation
between the severity of fatty liver and SUVmax of liver on
FDG PET by multiple linear regression analysis (β=−.14,
P=.085) (Table 3).
4. Discussion

The SUV is a quantitative parameter of the glucose
metabolic rate. The intensity of physiological FDG uptake in
the liver varies. One study showed that there is positive
correlation between serum liver enzyme levels and standard
uptake values of liver on FDG-PET [15]. A significant
correlation between SUV of the liver and BMI, triglycerides,
and HDL cholesterol [16] has been reported. A significantly
positive correlation between SUVmax of the liver and BMI
was also noted in the present study.

Fatty liver is commonly associated with alcohol or
metabolic syndrome (diabetes, obesity, and dyslipidemia).
Nonalcoholic fatty liver disease is recognized as an
important cause of decompensated liver disease and is
frequently associated with insulin resistance. Liver with
extensive inflammation and high degree of steatosis often
progress to a more severe form of the disease.
Hepatocyte ballooning and hepatocyte necrosis of varying
degree are often present at the advanced stage. Liver cell
death and inflammation lead to the hepatic fibrosis. The
extent of fibrosis varies widely, which may contribute to
low FDG uptake in the liver in fatty liver disease
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subjects. Up to 10% of cirrhotic alcoholic fatty liver
disease will develop hepatocellular carcinoma. The
association of liver cancer in nonalcoholic fatty liver
disease is well established [17–21].

In this study, there were significant differences in BMI
in subjects without fatty liver, mild fatty liver, moderate
fatty liver, and severe fatty liver. There was a significantly
positive correlation between BMI and the severity of fatty
liver. The findings were compatible with the known
association between obesity and hepatic steatosis [18].
The severity of fatty liver was the significant predictor for
SUVmax of liver on FDG PET in underweight subjects
and subjects with optimal weight. There was a trend of
negative correlation between the severity of fatty liver and
SUVmax of liver on FDG PET in overweight subjects.
When low FDG uptake in the liver was found, the
possibility of fatty liver disease might be considered.

Abele et al. [22] reported that hepatic steatosis did not
have any significant effect on FDG uptake by the liver as
determined by using mean SUV values. Nevertheless, the
results of the present study showed the significantly
negative correlation between the severity of fatty liver
and SUVmax of liver on FDG PET. The possible reasons
for the different results were as follows: (a) the subjects
were all oncologic patients in the study by Abele et al.
However, all subjects in the current study were non-
oncologic. The quite different study population may have
different results; (b) the diagnostic tools in the assessment
of fatty liver were different in the two studies. Unenhanced
CT was used in the study of Abele et al., but
ultrasonography was used in the current study in
assessment of hepatic steatosis. Compared the diagnostic
performance in assessment of hepatic steatosis, sensitivity
of ultrasonography and unenhanced CT was 65% and
74%, and specificity was 77% and 70%, respectively [23];
(c) the fatty liver case number in the current study was
about three times of that in study of Abele et al. Thus, the
power of the current study was higher than that of the
study by Abele et al.

One potential problem with our study was that no subject
had liver biopsy done to confirm the diagnosis of fatty liver
and the grading.
5. Conclusion

In conclusion, we observed a significantly negative
association between the severity of fatty liver and SUVmax
of liver on FDG PET. Specifically, hepatic steatosis had a
significantly negative impact on FDG uptake by the liver as
determined by using SUVmax. Based on the results of this
study, the liver cannot be used as a comparator of
extrahepatic foci of equivocal increased FDG activity in
patients with fatty liver disease. Whether liver activity is
acceptable to use as a stable comparator or not in patients
with fatty liver disease needs future studies.
Acknowledgments

We want to thank the grant support of the study project
(DMR-97-103 and 97-104) in our hospital, Taiwan Depart-
ment of Health Clinical Trial and Research Center and for
Excellence (DOH100-TD-B-111-004), and Taiwan Depart-
ment of Health Cancer Research Center for Excellence
(DOH100-TD-C-111-005).
References

[1] Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;346:
1221–31.

[2] Qian Y, Fan JG. Obesity, fatty liver and liver cancer. Hepatobiliary
Pancreat Dis Int 2005;4:173–7.

[3] Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Taniguchi H,
Fujii K, Omatsu T, Nakajima T, Sarui H, Shimazaki M, Kato T,
Okuda J, Ida K. The metabolic syndrome as a predictor of
nonalcoholic fatty liver disease. Ann Intern Med 2005;143:
722–8.

[4] Reddy JK, Rao MS. Lipid metabolism and liver inflammation. II. Fatty
liver disease and fatty acid oxidation. Am J Physiol Gastrointest Liver
Physiol 2006;290:G852–8.

[5] Bayard M, Holt J, Boroughs E. Nonalcoholic fatty liver disease. Am
Fam Physician 2006;73:1961–8.

[6] Raileanu I, Rusu V, Stefanescu C, Cinotti L, Hountis D. 18F FDG PET
—applications in Oncology. Rev Med Chir Soc Med Nat Iasi 2002;
106:14–23.

[7] Chowdhury FU, Shah N, Scarsbrook AF, Bradley KM. [18F]FDG
PET/CT imaging of colorectal cancer: a pictorial review. Postgrad Med
J 2010;86:174–82.

[8] Gorospe L, Raman S, Echeveste J, Avril N, Herrero Y, Herna Ndez S.
Whole-body PET/CT: spectrum of physiological variants, artifacts and
interpretative pitfalls in cancer patients. Nucl Med Commun 2005;26:
671–87.

[9] Cook GJ, Fogelman I, Maisey MN. Normal physiological and benign
pathological variants of 18-fluoro-2-deoxyglucose positron-emission
tomography scanning: potential for error in interpretation. Semin Nucl
Med 1996;26:308–14.

[10] Ichiya Y, Kuwabara Y, Sasaki M, Yoshida T, Akashi Y, Murayama S,
Nakamura K, Fukumura T, Masuda K. FDG-PET in infectious lesions:
the detection and assessment of lesion activity. Ann Nucl Med 1996;
10:185–91.

[11] Panagiotidis E, Exarhos D, Housianakou I, Bournazos A, Datseris I.
FDG uptake in axillary lymph nodes after vaccination against
pandemic (H1N1). Eur Radiol 2010;20:1251–3.

[12] Li TR, Tian JH, Wang H, Chen ZQ, Zhao CL. Pitfalls in positron
emission tomography/computed tomography imaging: causes and their
classifications. Chin Med Sci J 2009;24:12–9.

[13] Yajima Y, Ohta K, Narui T, Abe R, Suzuki H, Ohtsuki M.
Ultrasonographical diagnosis of fatty liver: significance of the liver-
kidney contrast. Tohoku J Exp Med 1983;139:43–50.

[14] Moore S, Hall JN, Harper S, Lynch JW. Global and national
socioeconomic disparities in obesity, overweight, and underweight
status. J Obes 2010;2010:514674.

[15] Lin CY, Ding HJ, Lin T, Lin CC, Kuo TH, Kao CH. Positive
correlation between serum liver enzyme levels and standard uptake
values of liver on FDG-PET. Clin Imaging 2010;34:109–12.

[16] Kamimura K, Nagamachi S, Wakamatsu H, Higashi R, Ogita M,
Ueno S, Fujita S, Umemura Y, Fujimoto T, Nakajo M.
Associations between liver (18)F fluoro-2-deoxy-D-glucose accu-
mulation and various clinical parameters in a Japanese population:
influence of the metabolic syndrome. Ann Nucl Med 2010;24:
157–61.



441C.-Y. Lin et al. / Clinical Imaging 35 (2011) 437–441
[17] Gramlich T, Kleiner DE, McCullough AJ, Matteoni CA, Boparai N,
Younossi ZM. Pathologic features associated with fibrosis in
nonalcoholic fatty liver disease. Hum Pathol 2004;35:196–9.

[18] Zafrani ES. Non-alcoholic fatty liver disease: an emerging pathological
spectrum. Virchows Arch 2004;444:3–12.

[19] Adams LA, Angulo P, Lindor KD. Nonalcoholic fatty liver disease.
CMAJ 2005;172:899–905.

[20] Charlton M. Nonalcoholic fatty liver disease: a review of current
understanding and future impact. Clin Gastroenterol Hepatol 2004;2:
1048–58.
[21] Liu Q, Bengmark S, Qu S. The role of hepatic fat accumulation in
pathogenesis of non-alcoholic fatty liver disease (NAFLD). Lipids
Health Dis 2010;9:42.

[22] Abele JT, Fung CI. Effect of hepatic steatosis on liver FDG uptake
measured in mean standard uptake values. Radiology 2010;254:917–24.

[23] van Werven JR, Marsman HA, Nederveen AJ, Smits NJ, ten Kate FJ,
van Gulik TM, Stoker J. Assessment of hepatic steatosis in patients
undergoing liver resection: comparison of US, CT, T1-weighted dual-
echo MR imaging, and point-resolved 1H MR spectroscopy.
Radiology 2010;256:159–68.


	The negative impact of fatty liver on maximum standard �uptake value of liver on FDG PET
	Introduction
	Materials and methods
	Ultrasonographic diagnosis of severity of fatty liver
	FDG PET
	Standard uptake value
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


