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Abstract
Background: Several studies have suggested that oxidative stress could play a role in the pathogenesis of 

nonalcoholic fatty liver disease and more precisely in the transition between simple fatty liver and steatohepatitis. 

Aim: This study aims to investigate if circulating levels of oxidative stress markers could be clinically associated 
with liver steatosis. 

Materials and methods: We present data obtained from a subsample of 70 subjects with liver steatosis enrolled 
by a nutritional trial, called NUTRIEPA study. Serum levels of oxidative stress markers were evaluated by ELISA 
assay. The diagnosis and the degree of liver steatosis were based on laboratory and ecographic measurements. 
Statistical methods included Kruskal-Wallis analysis of variance and, Wilcoxon signed-rank or Mann-Whitney test, 
where appropriate. The χ2 test has been performed to analyze categorical variables. 

Results: The subjects with severe or moderate steatosis had significantly higher serum levels of oxidative stress 
markers compared to subjects without steatosis. 

Conclusions: Increased serum levels of oxidative stress markers could be considered a marker of moderate 
and severe liver steatosis. 
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Introduction
Liver steatosis is characterized by an excess accumulation of 

triglycerides within hepatocytes. Excess hepatic fat accumulation could 
result from the following mechanisms: a) increased de novo fatty acid 
synthesis; b) decreased fatty acid oxidation; c) increased transport of 
fatty acids from the peripheral organs to the liver; d) blunted transport 
of fatty acids (triglycerides) from the liver to the general circulation and 
peripheral organs [1]. Steatosis is reversible and it has been considered 
as a benign condition for a long time; however, increasing evidence 
suggests that it is a potentially pathological condition. If the causal 
agent is not eliminated or injury persists, steatosis may progress to 
inflammation, fibrosis and even cirrhosis of the liver, especially in the 
presence of hepatitis C virus, diabetes and obesity [2-4].

Considering its potential clinical relevance, researchers were 
prompted to discern the underlying mechanisms of steatosis. Liver 
steatosis is frequent in patients with metabolic syndrome and 
accumulating evidences suggest that lipid metabolism is as important 
to diabetes as carbohydrate metabolism [5]. Recently, high serum 
levels of Fatty Acid Synthase (FAS) have been detected in patients with 
chronic hepatitis viral infections and circulating FAS concentration 
correlated with the degree of liver steatosis [6,7]. 

Some studies have suggested that, apart from endotoxins, cytokines, 
hyperlipidemia and hyperinsulinemia, oxidative stress could play a 
role in the pathogenesis of Nonalcoholic Fatty Liver Disease (NAFLD) 
and more precisely in the transition between simple fatty liver and 
steatohepatitis (i.e. fatty liver coexistent with hepatocyte necrosis and 
inflammation) [8]. Indeed, excessive fat accumulation in the liver, 
whatever its cause, is prone to attack by Reactive Oxygen Species 
(ROS), leading to lipid peroxidation with its cellular consequences. 
For example, increased lipid peroxidation has been documented in 
animal models, either drug-induced [9,10] or dietary [11,12] while in 
genetic models of steatosis, such as the ob/ob mice there is an increase 

in mitochondrial ROS production [13]. Few studies have documented 
the relationship between the extent of steatosis and systemic markers 
of oxidative stress. Two recent studies demonstrated different results 
in circulating levels of oxidative stress markers in NAFLD patients 
compared with age-matched controls [14,15]. Therefore in the present 
study we have determined whether blood oxidative stress parameters 
are related to the presence of liver steatosis and could serve as markers 
of liver fat accumulation at different grade.

Methods
Patients

This work is part of NUTRIEPA study, a nutritional trial enrolling 
consecutive subjects with liver steatosis, diagnosed by abdominal 
ultrasound. 

In this report, we present data obtained from a subsample of 70 
subjects. All subjects underwent a complete medical examination 
including weight and height measurements. Body Mass Index (BMI) 
was calculated as weight in kilograms divided by the square of the 
height in meters (kg/m2). Participants were fasted for 12 h prior 
to examination. Blood samples taken from the subjects by venous 
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puncture were collected in tubes containing a serum separator gel. 
Aliquots of blood serum were stored at -80°C until assayed or shipped 
to the central laboratory for routine analyses. All the analyses were 
performed within 6 months.

In order to obtain a semi quantitative evaluation of fat in the 
liver, we used a system scoring [16,17]. Degree of fatty infiltration 
of the liver was graded according to ultrasonographic appearance 
of liver echotexture, hepatic echo penetration and clarity of hepatic 
blood vessels, liver diaphragm differentiation in echo amplitude. 
Each criterion was assigned a score indicating the level of fatty liver 
infiltration. A score of 2 indicated a definite positive (++) fatty liver 
infiltration for that criterion. A score of 1 was assigned for a probable 
positive (+) finding based on the criterion. When a negative (-) 
evaluation for fatty liver was made from a criterion, a score of 0 was 
assigned to the criterion. The sum of the scores for the three criteria 
was considered to be an indicator of severity of fatty infiltration. Thus, 
the fatty liver indicator ranged from 0 to 6, with mild fat infiltration for 
a total score 1-2; moderate for a total score of 2-4, severe indicated by 
a total score ≥ 5.

Moreover, a control group of 19 subjects without liver steatosis 
was included. In this group, the liver steatosis was excluded by 
ultrasonographic and laboratory evaluation. 

The study had institutional approval and all patients gave informed 
consent to participate in the study.

Laboratory measurements

In order to estimate the HOMA index, serum levels of glucose and 
insulin were measured by an automated system (Uni Cel Integrated 
Workstations DxC 660i, Beckman Coulter, Fullerton, California, 
USA) using chemioluminescent immunometric method. Samples 
over calibration range were automatically reanalyzed according to 
constructor’s instructions.

Serum levels of CuZn-Superoxide-Dismutase (CuZnSOD, Abnova, 
Taipei, Taiwan) and LDL-oxidized (Mercodia, Uppsala, Sweden) were 
determined by ELISA kits, while serum levels of Thiobarbituric Acid 
Reactive Substances (TBARS, Cell Biolabs, Inc, San Diego, CA)) were 
spectrophotometrically analyzed by the measure of MDA quantitation. 

Statistical analysis

The significance of the differences among the groups was evaluated 
by Kruskal-Wallis analysis of variance, Wilcoxon signed-rank or 
Mann-Whitney test, where appropriate, and χ2 test for trend. The χ2 
test has been performed to analyze categorical variables. All data were 
expressed as mean ± SD. Differences were considered significant at P 
< 0.05. 

Results
Liver steatosis was diagnosed and its grade was assessed with the 

findings of liver ultrasound scan performed by the same radiologist. 
We found 48 subjects with moderate liver steatosis and 22 with severe 
steatosis.

Table 1 shows descriptive analysis of studied variables in controls 
and subjects stratified for the degree of liver steatosis. No difference 
among the groups was detected in relation to sex and age. The value of 
BMI and HOMA among the groups was significantly different and the 
test for trend was also significant (P<0.001 for both parameters). The 
subjects with steatosis showed circulating levels of LDL-oxidized and 
TBARS significantly higher than controls (Wilcoxon rank sum-test, 

P=0.0001 for both). There are no differences in CuZnSOD serum levels 
between subjects with steatosis and healthy subjects.

Moreover, stratifying for score of steatosis, the subjects with 
moderate or severe steatosis had significantly higher serum levels of 
TBARS and LDL-oxidized compared to subjects without steatosis 
(Wilcoxon rank sum-test, P<0.05). In addition, a positive and 
statistically significant trend in serum LDL-oxidized concentration 
from lower to higher degree of steatosis was also detected (P<0.001).

Discussion
In this study we describe a relationship between human liver 

steatosis and elevated levels of circulating stress oxidative markers 
such as LDL-oxidized and TBARS. The principal findings of the 
present study are a rise in systemic levels of TBARS and LDL-oxidized 
in patients with moderate or severe steatosis as compared to healthy 
controls, while the levels of antioxidant CuZn-SOD protein are similar 
in both groups, suggesting that serum TBARS and LDL-oxidized 
measurements may add substantial information for the evaluation of 
liver impairment.

The over-expression of LDL-oxidized is associated with the degree 
of liver steatosis because of a positive trend was detected in serum levels 
of LDL-Oxidized from lower to higher degree of steatosis.

Although liver biopsies and nuclear magnetic resonance imaging are 
the methods of choice for diagnosis of liver steatosis, ultrasonography 
is currently the preferred method for screening asymptomatic patients 
with suspected liver injury [18]. Several studies have demonstrated that 
the sensitivity, specificity and positive predictive value of this technique 
to detect steatosis as high as 80-100% [19-21]. Taking into account 
for the ethical concerns, we could not perform liver biopsy of our 
patients. However, in the light of clinical and laboratory parameters, 
the diagnosis of steatosis was clearly demonstrated.

Some studies showed that products of lipid peroxidation are 
increased [22-25] and levels of endogenous antioxidants are decreased 
in patients with NAFLD [26]. Oxidative stress is due to a discordance 
in balance between prooxidant and antioxidant factors. Normally, 
a rise in oxidative stress concomitantly enhances the antioxidative 
activity to protect the cell from damage. Chronic exposure to increased 
levels of oxidative stress may results in an excess of Reactive Oxygen 
Species (ROS) within the hepatocytes and starting a vicious cycle [27]. 
Although a previous study reported that the activity of antioxidant 
enzymes is increased in NAFLD patients [14], we demonstrated that 
the antioxidant status in patients with steatosis is apparently incapable 
to compensate for oxidative stress. It seems highly probable that 
steatosis-induced lipid peroxidation and ROS consume antioxidant 
enzymes. Consequently, there is an uncontrolled increase in free 
oxygen radicals, or an insufficiency in the antioxidant system under 
certain pathological states. Liver diseases associated with hepatic fat 
accumulation could amplify the production of ROS because liver fat 
may serve as a substrate for lipid peroxidation. In a previous study, we 
have found an increased serum level of lipogenic enzymes, such as FAS 
and Lipoprotein Lipase (LPL) in patients with liver steatosis [7]. FAS 
and LPL are central enzymes of lipid metabolism. FAS is believed to be 
a major determinant of the maximal hepatic capacity to generate fatty 
acids by de novo lipogenesis [28] and LPL generates free fatty acids that 
induce insulin resistance in muscle and liver [29]. It has been suggested 
that insulin resistance is an essential requirement for the accumulation 
of hepatocellular fat [30].

There are evidences in literature that disturbances in BMI, body 
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fat, and lipid metabolism may contribute to altered oxidative status in 
NAFLD and insulin resistance may be related to decreased antioxidant 
activity as well as an increase of lipid peroxidation [31,32]. 

In this view, our findings support these evidences. In fact high levels 
of LDL-oxidized and TBARS detected in subjects with steatosis are in 
agreement with the presence of insulin resistance evaluated in same 
subjects. Moreover, the patients with severe liver steatosis showed a 
value of BMI significantly higher, demonstrating that some individuals 
develop metabolic complications in relation to their degree of obesity. 
Already, in clinical practice high concentrations of circulating LDL-
oxidized are observed in patients with NAFLD [33].

However, although our results suggest interesting correlations, 
the different relationships must be taken with caution. As parameters 
of oxidative stress in serum do not reflect intrahepatic peroxidation, 
the exact relation between hepatic and serum levels of oxidative stress 
parameters needs further elucidation. 

The liver steatosis may progress to cirrhosis and hepatocellular 
carcinoma [32]. Therefore, it is clinically important that specific 
biomarkers of oxidative stress are identified in patients with hepatic 
steatosis in order to assess the efficacy of diagnosis and therapeutic 
treatment. 
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Steatosis   
Controls Moderate Severe Contrasts Test for trend

(n=19) (n=48) (n=22) p#° p§ p
Sex (%) 0.20
Female 8 (42.1) 12 (25.0) 4 (18.2)
Males 11 (57.9) 36 (75.0) 18 (81.8)

Age (year) (M ± SD) 58.2 ± 9.8 58.6 ± 11.4 58.9 ± 11.0 0.4

BMI (kg/m²)  25.7 ± 3.2ab 31.5 ± 4.3ac  34.0 ± 4.9bc 0.0001 a  <0.0001 <0.001
b  <0.0001

c  0.01
HOMA Index 1.7 ± 1.1ab 5.3 ± 11.4ac 4.0 ± 1.9bc 0.0001 a  <0.0001 <0.001

b  <0.0001
c  0.64

LDL OX (U/L) 7.6 ±1.1ab 9.0 ± 1.3ac 10.2 ± 1.2bc 0.0001 a  <0.0001 0.001
b  0.0009

c  0.77
Cu/Zn SOD (ng/ml) 106.7 ± 22.8 116.9 ± 36.4 115.8 ± 27.4 0.79 0.59

TBARS (μM)  43.9 ± 23.6ab  158.2 ± 90.3ac  153.7 ± 109.5bc 0.0001 a  <0.0001 0.001
b  0.0001

c  0.63
# Chi-square test for categorical variable; ° Kruskal-Wallis test for continuous variable; § Wilcoxon rank-sum (Mann-Whitney) test

Table 1: Descriptive analysis of the studied variables in controls and in patients with liver steatosis stratified for score. Data are expressed as mean and standard deviation 
or (percentage).
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