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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is 
known to be a significant cause of morbidity in de-
veloped countries(25). Its prevalence ranges from 10% 
to 24% in the general population and reaches 75% in 
groups of obese patients(8). NAFLD includes cases of 
pure steatosis to more severe conditions such as nonal-
coholic steatohepatites (NASH) and cirrhosis(25). Also, 
available data in the literature suggest that NASH is 
progressive, leading to a significant morbidity(4).

The incidence of pure steatotis and NASH have 
increased in parallel with the obesity epidemy which 
currently affects around 2/3 of the American popu-
lation(36). About 40 million American adults are esti-
mated to have hepatic steatosis or NASH, 58%-74% 
of this being obese(3).
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ABSTRACT - Background - Nonalcoholic steatohepatitis is considered the hepatic manifestation of metabolic syndrome and it is par-
ticularly associated to the insulin resistance, hypertension, obesity and abnormalities in lipid and glucose metabolism. Objective - 
Considering the importance of obesity and oxidative stress in the pathophysiology of nonalcoholic steatohepatitis, this study aimed 
to evaluate the presence and association of the obesity and oxidative stress in this pathology. Methods - Fifteen outpatients with 
nonalcoholic steatohepatitis (nonalcoholic steatohepatitis group), diagnosed according to the histopathological findings from the 
liver biopsy, and 15 body mass index-matched subjects (non nonalcoholic steatohepatitis group) without nonalcoholic steatohepatitis 
were included. All volunteers were registered in a Brazilian University Hospital. Nutritional assessment (weight, height, body mass 
index and waist circumference) and biochemical analysis (fasting glucose, liver enzymes, lipid profile, leptin, superoxide dismutase, 
glutathione peroxidase, vitamins C and E, catalase and 8-isoprostane) were performed for all the participants. The student t test was 
used for statistical analysis, with P<0.05 as the significant factor. Results - Nonalcoholic steatohepatitis patients had higher fasting 
glucose, hepatic enzymes (serum aspartate aminotransaminase, alanine aminotransaminase, gamma glutamyl transferase, alkaline 
phosphatase), triglycerides and superoxide dismutase and lower glutathione peroxidase values than non nonalcoholic steatohepatitis 
individuals. Conclusion - This paper demonstrates that only the presence of obesity is not enough to trigger alterations in all the 
studied biomarkers. Despite the majority of oxidative stress markers being found to be similar in both conditions, the nonalcoholic 
steatohepatitis subjects could be slightly more affected than the non nonalcoholic steatohepatitis individuals.
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NASH is considered the hepatic manifestation 
of  metabolic syndrome (MetS) and is particularly 
associated with insulin resistance, hypertension, obe-
sity and abnormalities in lipid and glucose metabo-
lism(30). Nutritional factors are commonly related to 
NASH, such as obesity, dyslipidemia, type 2 diabetes 
melittus (T2DM), malnutrition, extensive intestinal 
ressection and oversupply of  non-proteic calories. 
The adipose tissue plays a key role in the occurrence 
of hepatic complications and they may have a strong 
association between these tissues, being related to the 
NASH development(12). NASH is considered from an 
unknown cause when it is not possible to identify its 
risk factors(3).

Currently, the pathogenesis of  NASH has been 
explained by the “multi-hit” hypothesis which it is 
based on two proposed mechanisms(12). The insulin re-
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sistance, attributed to the first hit, increases the vulnerability 
of the liver to injury, leading to the steatosis(1). The second hit 
is responsible for the inflammation, steatohepatitis or fibrosis 
and apoptosis, and it can also include oxidative stress (OS) 
with liver lipid peroxidation, cytokines or proinflammatory 
adipokines and mitochondrial dysfunction. High levels of OS 
can reduce the ability of mature hepatocytes to proliferate, 
resulting in decreased endogenous repair(39).

There are cellular mechanisms responsible for OS con-
trol which are extremely important to the cell homeostasis 
through the antioxidants system which can control the for-
mation of reactive oxygen species (ROS) or reactive nitrogen 
species (RNS) and also repair oxidative damage to cells. 
The antioxidants can derive from the diet or endogenous 
mechanisms which are divided into enzymatic superoxide 
dismutase (SOD), catalase and glutathione peroxidase (GPx), 
for example) and non-enzymatics, such as glutathione and 
vitamins(20).

Oxidative stress appears in many diseases, particularly 
in those with an inflammatory nature, emphasizing the re-
lationship between the obesity and liver diseases(45). Several 
hepatic diseases feature high levels of ROS and RNS which 
represents a direct association with the severity and progres-
sion of  these diseases(32, 41). Studies conducted in humans 
and animal models showed a strong association between the 
level of OS and the severity of NASH(39). Although clinical 
and experimental studies have shown higher levels of lipid 
peroxidation in NASH patients, the antioxidants circulating 
levels remain not well investigated in these patients(2).

The interaction between OS and cytokines has been 
closely related to the pathogenic mecanisms in NAFLD(42). 
Leptin, an anorexigenic hormone with a proinflammatory 
role, is increased in obesity and considered a key mediator 
of  liver fibrosis(45). Products from the lipid peroxidation, 
such as F2 isoprostanes, are also related to inflammation and 
development of fibrosis(9). 8-Isoprostane is considered as an 
important biomarker for lipid peroxidation(16).

Recently, there has been no therapy with proven efficacy 
for NAFLD/NASH and the current treatment is associated 
to the metabolic profile, since the intervention in the lifestyle 
has mostly been used(35). Therefore, a rigorous search for risk 
factors and environmental exposures that may increase the 
risk of developing NASH and its transition to more severe 
stages is essential(26). Considering the importance of the obe-
sity and OS in the appearance and progression of NASH, 
this study aimed to evaluate the presence and association of 
the obesity and OS in this pathology.

METHODS

Subjects
This case-control study included 15 outpatients with 

NASH (NASH group), diagnosed according to the histo-
pathological findings from the liver biopsy. The group with-
out NASH (Non-NASH group) consisted of 15 overweight 
subjects diagnosed according to normal liver ultrasound and 
the absence of laboratorial signs of hepatitis and other liver 

dysfunctions. Individuals from both genders aged 18-70 years 
old were selected; and to be eligible, they were required to 
have a BMI within the range of classification of overweight 
and obese (>24.9kg/m²). All volunteers were registered in a 
Brazilian University Hospital and provided informed consent 
according to the Institutional Research Ethics Committee 
(Proc#15823/2011).

Liver histology
The grading and staging of  all liver biopsy specimens 

were conducted by a pathologist specialized in hepatology. 
Liver samples were stained with hematoxylin and eosin, sil-
ver reticulin, Perls’ for iron and Masson’s trichrome for the 
assessment of liver fibrosis. The presence of more than 5% 
steatotic hepatocytes in a liver tissue section was accepted 
as the minimum criterion for the histological diagnosis of 
NAFLD. The NASH histological grading and staging fol-
lowed Brunt’s criteria(7).

Biochemical analysis
Venous blood samples were obtained after a 12-hours 

overnight fast. Plasma glucose, hepatic enzymes serum as-
partate aminotransaminase (AST), alanine aminotransam-
inase (ALT), gamma glutamyl transferase (GGT), alkaline 
phosphatase), triglycerides, total and HDL-cholesterol were 
measured in a conventional automated analyzer. Low-densi-
ty lipoprotein cholesterol (LDL-c) was calculated according 
to the equation of  Friedewald et al.(15). SOD activity was 
measured with a commercially available kit (RANDOX®)(31) 
and the GPx activity was determined according to Flohe & 
Guntzler(14). Catalase activity was determined by commer-
cially available kit (Merck®), using a colorimetric method 
with the reading in a spectrophotometer at 540nm filter(19). 
Serum leptin and 8-isoprostane levels were measured us-
ing enzyme linked immunosorbent assays (Millipore® and 
R&D®, respectively) following the manufacturer’s instruc-
tions. The vitamins C and E analyses were performed by 
High-performance liquid chromatography (HPLC- SPD 
20A) according to Rose & Bode(40) and Arnauld et al.(5), 
respectively.

Nutritional assessment
The subjects weight and height were measured with stan-

dard techniques. The body mass index (BMI) was calculated 
by the formula: body weight (kg)/[height (m)]2. The waist 
circumference (WC) was at the midpoint between the lower 
border of the rib cage and the iliac crest(10).

Statistical analysis
Statistical analysis was performed using the software 

GRAPHPAD PRISM 6.02. The Shapiro-Wilks test was used 
in order to determine a normal distribution from all data. 
The comparison of the numerical variables with the normal 
distribution between NASH and Non-NASH Groups was 
performed by the parametric test, Student t test, and the 
variables were presented as mean and standard deviation. 
The level of significance was set at P<0.05.
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RESULTS

Demographic and anthropometric features of evaluated 
groups are available in Table 1. There were no statistical 
differences in the anthropometric values (weight, BMI and 
WC) between NASH and Non-NASH Groups, since both 
included overweight and obese individuals.

Laboratory data are presented in Table 2. The NASH 
Group showed significantly (P>0.05) higher levels of plasma 
glucose, AST, ALT, GGT, alkaline phosphatase and tri-
glycerides. The high values of standard deviation from some 
hepatic enzymes, like GGT, could indicate that some NASH 
individuals might be in advanced stages of liver disease.

The oxidative stress values are shown in Table 3. The 

NASH subjects presented significantly (P>0.05) higher 
levels of SOD and the Non-NASH Group showed signifi-
cantly (P>0.05) higher levels of GPx when the groups were 
compared. There were no statistical differences in the other 
parameters.

DISCUSSION

In the present study, subjects from the NASH Group 
showed significantly (P>0.05) higher levels of plasma glu-
cose, AST, ALT, GGT, alkaline phosphatase and triglycerides 
than the Non-NASH Group. In other words, these biochem-
ical markers are often more pronounced in the presence of 
a metabolic disorder caused by liver disease than just by 
obesity, since these are factors closely related to the patho-
physiology of NASH.

Younossi et al.(48) have found similar results in relation to 
the ALT and AST values however, they found no significant 
difference in plasma glucose, despite the NASH individuals 
have shown higher rates of  T2DM (36%) than the Non-
NASH Group (13%). Regarding the lipid profile, the authors 
only found a significant increase in the total cholesterol levels 
in the Non-NASH subjects(48).

In concurrence with this paper, previous studies have also 
reported an increase of the hepatic enzymes ALT, AST(27, 28), 
alkaline phosphatase and GGT in NAFLD(24). The levels of 
alkaline phosphatase and GGT are usually found high in 
NASH. There are a few literature discussions about the GGT 
and its frequence and rising rate, which can explain the pres-
ence of high standard deviation values in NASH Group(24).

Marchesini et al.(30) reported alterations in the glucose 
metabolism, including T2DM, glucose intolerance and hyper-
glycemia, which were associated to NASH. Published studies 
have both presented cases with significant differences in blood 
glucose levels between NAFLD and Control Groups(34) and 
with no significant difference in these Groups as well(38, 49). 
Some authors have discussed the alterations in glucose me-
tabolism as a risk factor to the development of NASH and 
its deterioration in the presence of obesity(30).

Earlier observations in NAFLD patients showed that dys-
lipidemia was present in 20%-92% of the patients(11). Zimmer-
mann et al.(49) evaluated the lipid profile of 37 patients with 
MetS, classifying them in NASH and Non-NASH Groups. 
There was no significant difference in the levels of total cho-
lesterol, LDL and HDL between the two groups, strengthen-
ing the association between overweight/obesity and NASH. 
Also, patients with NASH often use medication to control the 
dyslipidemia, therefore, they may have normalized levels of 
cholesterol. The lipid profile alterations in NASH and obese 
patients have shown controversial findings in the literature, 
associating how close these two conditions are.

The serum leptin didn’t have a statistical difference 
between the studied groups, suggesting the role of obesity 
as a major determinant in this indicator, regardless of the 
presence or absence of NASH. Previous papers have reported 
distint outcomes in the NASH Group, some showing positive 
association with increased levels of this hormone(17, 43), while 

TABLE 1. Demographic and anthropometric features of groups

NASH Non-NASH

(n = 15) (n = 15)

Age (years) 50.5 ± 2.9 45.1 ± 3.1

Female (%) 10 (66.7%) 12 (80%)

Male (%) 5 (33.3%) 3 (20%)

Weight (kg) 85.7 ± 4.1 81.7± 4.4

Height (m) 1.6 ± 0.1 1.6 ± 0.1

BMI (kg/m²) 32.0 ± 4.4 30.4 ± 4.1

WC (cm) 108.5 ± 10.4 100.3 ± 12.1
*P values <0.05. WC: waist circumference.

TABLE 2. Laboratorial data according to groups

NASH Non-NASH

AST (U/L) 49.5 ± 36.7* 19.1 ± 6.7

ALT (U/L) 84.2 ± 108.5* 21.7 ± 11.7

GGT (U/L) 246.5 ± 530.4* 33.1 ± 22.5

Alkaline phosphatase (U/L) 239.1 ± 143.0* 170.0 ± 50.1

Triglycerides (mg/dL) 165.9 ± 50.4* 112.0 ± 55.0

Total cholesterol (mg/dL) 193.3 ± 30.3 178.8 ± 36.1

LDL-cholesterol (mg/dL) 118.0 ± 25.8 111.6 ± 32.6

HDL-cholesterol (mg/dL) 38.4 ± 8.5 44.9 ± 12.2

Plasma glucose (mg/dL) 96.7 ± 19.6* 82.8 ± 10.4

Leptin (ng/mL) 16.6 ± 10.7 16.0 ± 8.5

*P values <0.05. AST: serum aspartate aminotransaminase; ALT: alanine aminotransaminase; 
GGT: gamma glutamyl transferase.

TABLE 3. Oxidative stress according to groups

NASH Non-NASH

SOD (USOD/g Hb) 1627.0 ± 237.4* 1406.0 ± 230.4

GPx (umol/min/g Hb) 49.4 ± 1.6 59.0 ± 2.0*

Vitamin C (mg%) 0.2 ± 0.1 0.2 ± 0.1

Vitamin E (µmol/L) 26.5 ± 8.0 24.3 ± 7.9

Catalase (U/gHb) 124.7 ± 30.1 120.9 ± 43.7

8- isoprostane (pg/mL) 29.3 ± 16.3 22.8 ± 13.1
*P values <0.05. SOD: superoxide dismutase; GPx: glutathione peroxidase.



Leghi GE, Domenici FA, Vannucchi H. Influence of oxidative stress and obesity in patients with nonalcoholic steatohepatitis

v. 52 no. 3 - jul./set. 2015 	 Arq Gastroenterol	 231

others don’t show this association(28, 33). Since leptin is an 
adipokine expressed exclusively in the adipose tissue and its 
levels associate positively with the percentage of body fat and 
BMI(43); studies have shown that obese individuals have higher 
serum leptin levels than normal-weight individuals(18, 44).

Studies in humans and in experimental models have inves-
tigated the association between the presence of NASH and the 
level of oxidative stress, but as the control group generally is 
not composed by subjects metabolically compatible with the 
patients, it is difficult to establish a more accurate comparison 
between the groups. The present study has found similar levels 
of oxidative stress between the groups, except for higher levels 
of SOD and lower levels of GPx in NASH individuals. The 
other biomarkers showed no statistical difference. As these 
findings are based on the comparison of BMI-matched sub-
jects, the literature remains controversial in regards to most 
of these results, since all available studies have only shown 
comparisons with eutrophic individuals. Furthermore, authors 
have discussed this lack of weight and BMI equivalency among 
patients with NASH or pure steatosis and healthy controls as 
a feasible limitation in the papers(17).

In contrast to the presented result, authors have found 
lower levels of SOD in the NAFLD Group, when compared 
to Control Group in animals(2) and in patients(47). Das et al. (11) 
have reported higher levels of SOD in individuals with NA-
FLD and Perlemuter et al.(37) have found no difference in 
the activity of  this enzyme. One likely explanation for the 
reported increase could be that the excessive generation of su-
peroxide radical is an adaptive response to oxidative stress(23).

The catalytic activity of GPx studied by several authors 
has shown no change(29) or reduced levels of  this enzyme 
between NASH subjects and the healthy controls(6, 11, 20). The 
levels of GPx were also found to have no statistical differ-
ence(21) or with increased levels when compared with Control 
Group(37). The possible reasons for such modifications still 
need to be elucidated(6). It is believed that the reduction in this 
enzyme activity may occur due to its depletion or inactiva-
tion by ROS, since oxidative damage to cellular membranes 
and hemoglobin are associated with the decreased activity 
of GPx(11).

Earlier studies have shown decreased levels of serum cata-
lase between NASH and Control individuals(2, 11, 47). However, 
another study has found no documented association in this 
serum activity(37). The possible impairment of this enzyme 
in obesity could explain the absence of statistical difference 
between the NASH and Non-NASH Groups.

Studies have reported elevated levels of  8-isoprostane 
in NAFLD(22) and NASH Groups(17, 21) when compared to 
eutrophic individuals. It was stated that there is a positive 
correlation between plasma 8-isoprostane, adipose tissue 
and insulin resistance. Another association was found with 
BMI, suggesting that lipid peroxidation in NAFLD could 
be related to the severity of obesity(46). This positive associ-
ation of 8-isoprostane with obesity, insulin resistance and 
dyslipidemia could explain the lack of significant difference 
between the groups in the present study.

Perlemuter and colleagues(37) found no significant differ-

ence in vitamin E levels between NAFLD and the Control 
Groups. Other published papers have shown significant de-
creased levels of vitamin E when comparing NASH Group 
with the control subjects(13) and also with animal models(2). 
The levels of  vitamin C were also described as reduced in 
NASH animal models(2). Some feasible causes to the lack of 
significant differences in the level of these vitamins can be 
discussed, such as, the depletion of the antioxidant reserves 
as a consequence of the oxidative stress, or even a low intake 
of the vitamin, in both groups(13). Another explanation would 
be that the antioxidant status in the plasma may not reflect 
the oxidative status in the liver(37).

The present study has some methodological limitations, 
such as, the impossibility to perform liver biopsy in the 
Non-NASH Group and the use of  small sample sizes in 
both groups.

Yesilova et al.(47) have suggested that the alterations in 
BMI, lipid metabolism and body fat may lead to changes in 
the oxidative status in NAFLD. Another assumption could 
be the possibility of insulin resistance being related to the 
decreased levels of antioxidants and lipid peroxidation prod-
ucts(47). Both hypothesis act in agreement with the similarity 
of oxidative stress found between the studied groups.

In conclusion, this paper demonstrates that only the 
presence of  obesity is not enough to trigger alterations in 
all the studied biomarkers. We can not deny that obesity 
represents a major factor in the pathology of  NASH and 
it contributes or perhaps, it could even be decisive to the 
presence of both the metabolic abnormailties as well as some 
altered OS markers. But, at the same time, the presence of 
NASH still represents the key for modifications in hepatic 
enzymes and some metabolic biomarkers, like glucose. De-
spite the majority of OS markers being found to be similar in 
both conditions, the NASH subjects could be slightly more 
affected than the Non-NASH individuals. Future studies 
selecting metabolically compatible individuals and larger 
sample sizes are needed to further elucidate this association.
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Leghi GE, Domenici FA, Vannucchi H. Influência do estresse oxidativo e obesidade em pacientes com esteatohepatite não alcoólica. Arq Gastroenterol. 
2015,52(3):228-33.

RESUMO - Contexto - Esteatohepatite não alcoólica é considerada uma manifestação hepática da síndrome metabólica e está particularmente associada 
com a resistência insulínica, hipertensão, obesidade, anormalidades no metabolismo lipídico e da glicose. Objetivo - Considerando a importância da 
obesidade e do estresse oxidativo na fisiopatogenia da esteatohepatite não alcoólica, o objetivo deste estudo foi avaliar a associação e presença da 
obesidade e do estresse oxidativo nesta patologia. Métodos - Quinze pacientes com esteatohepatite não alcoólica (grupo esteatohepatite não alcoólica), 
diagnosticados de acordo com os achados histopatológicos da biópsia hepática, e 15 indivíduos sem esteatohepatite não alcoólica com sobrepeso/
obesidade (grupo sem esteatohepatite não alcoólica) foram incluídos. Todos os voluntários eram acompanhados em Hospital Universitário Brasileiro. 
Avaliação nutricional (peso, altura, índice de massa corporal e circunferência abdominal) e bioquímica (glicemia de jejum, enzimas hepáticas, lipido-
grama, leptina, superóxido dismutase, glutationa peroxidase, vitaminas C e E, catalase e 8-isoprostano) foram realizadas em todos os indivíduos. O 
teste t de Student foi usado para análise estatística considerando o P≤0,05 como significativo. Resultados - Indivíduos do Grupo esteatohepatite não 
alcoólica apresentaram valores significativamente maiores de glicemia, AST, ALT, Gama GT, fosfatase alcalina, triglicérides e superóxido dismutase 
e menor valor de glutationa peroxidase, quando comparados ao Grupo sem esteatohepatite não alcoólica. Conclusão - Este artigo demonstra que 
somente a presença da obesidade não é suficiente para provocar alterações nos biomarcadores estudados. Apesar da maioria dos marcadores de 
estresse oxidativo apresentarem-se similar nas duas condições, os pacientes com esteatohepatite não alcoólica podem apresentar-se levemente mais 
afetados que os indivíduos sem esteatohepatite não alcoólica.

DESCRITORES - Hepatopatia gordurosa não alcoólica. Obesidade. Síndrome x metabólica. Estresse oxidativo. Marcadores biológicos.
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