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Abstract

Background: Oxidative stress has been implicated in the 
pathogenesis of non-alcoholic fatty liver disease (NAFLD). 
Plasma thiols are major defense mechanisms against oxi-
dative stress and undergo oxidation to form disulfides 
under oxidative conditions. This study was conducted to 
investigate thiol-disulfide homeostasis in NAFLD patients.
Methods: Thirty patients with biopsy proven non-alco-
holic steatohepatitis (NASH), 40 patients with simple ste-
atosis and 50 healthy controls were included in the study. 
Serum total and native thiol concentrations and serum 
disulfide concentration were measured using the Erel and 
Neselioglu’s method.
Results: The mean serum total thiol concentrations in the 
NASH, simple steatosis and control groups were 415 ± 64 
μmol/L, 447 ± 38 μmol/L and 480 ± 37 μmol/L, respectively 
(p < 0.001). The mean serum native thiol concentrations in 
the NASH, simple steatosis and control groups were 378 ± 62 
μmol/L, 416 ± 41 μmol/L and 451 ± 36 μmol/L, respectively 
(p < 0.001). The mean serum disulfide concentrations in the 
NASH, simple steatosis and control groups were 18.5 ± 6.3 
μmol/L, 15.5 ± 4.8 μmol/L and 14.9 ± 3.6 μmol/L, respectively 
(p = 0.005). The native thiol/total thiol ratio was significantly 

lower and the disulfide/total thiol and disulfide/native thiol 
ratios were significantly higher in the NASH group than in 
the simple steatosis and control groups.
Conclusions: Thiol-disulfide homeostasis is disturbed 
and shifted toward disulfide side in NAFLD and NASH 
patients.

Keywords: disulfides; fatty liver; oxidative stress; steato-
hepatitis; thiols.

Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most 
common liver disease, with increasing prevalence world-
wide [1]. The estimated prevalence of NAFLD in the general 
population is around 20–30% [2]. NAFLD is characterized 
by excessive fat accumulation within the hepatocytes and 
it constitutes a group of clinical disorders with distinct 
clinical, laboratory and histological characteristics. Simple 
steatosis lies at one end of the NAFLD spectrum and it is 
associated with fatty infiltration of the liver without necro-
inflammation, hepatocyte damage or fibrosis. On the other 
hand, non-alcoholic steatohepatitis (NASH) is associated 
with a progressive hepatocellular inflammation and fibro-
sis and it can eventually progress to cirrhosis and hepa-
tocellular carcinoma. Although several risk factors have 
been defined, the pathophysiological mechanisms under-
lying NAFLD are not thoroughly understood. Insulin resist-
ance, genetic factors, gut microbiota, several cytokines as 
well as oxidative stress have been implicated to contribute 
to the pathogenesis of fat accumulation, necroinflamma-
tion and fibrogenesis in NAFLD patients [3–6].

Plasma thiols are a class of organosulfur compounds 
that contain a sulfhydryl group. The plasma thiol pool is 
mainly formed by albumin thiols and protein thiols [7]. 
Under oxidative conditions, thiols undergo oxidation to 
form disulfides. This reaction is one of the most important 
primary defense mechanisms against oxidative stress. The 
disulfide bonds thus formed can again be reduced to thiol 
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groups. This thiol-disulfide interconversion is strictly con-
trolled in vitro, maintaining dynamic thiol-disulfide home-
ostasis. In fact, the thiol-disulfide homeostasis is thought 
to be the primary regulator of intracellular redox homeo-
stasis and these reactions are of particular importance for 
antioxidant defense, redox regulation of cell signaling and 
apoptosis [8, 9]. In the past, quantitative measurement of 
dynamic thiol-disulfide homeostasis in the serum was chal-
lenging. Recently, Erel and Neselioglu developed a simple, 
automated spectrophotometric method to measure serum 
total thiol, native thiol and disulfide concentrations [10]. 
Since then many studies have been conducted using this 
new method and disturbances in dynamic thiol-disulfide 
homeostasis have been documented in several diseases 
[11–15]. Taking into consideration that, oxidative stress 
has been implicated to contribute to the pathogenesis of 
NAFLD, disturbances in thiol-disulfide homeostasis can 
also be expected to occur in NAFLD patients. Therefore, we 
aimed to conduct this study to investigate dynamic thiol-
disulfide homeostasis in NAFLD patients.

Materials and methods
Thirty patients with NASH, 40 patients with simple stea-
tosis and 50 healthy controls were included in the study. 
Written informed consents were taken from all partici-
pants. This study has been performed in accordance 
with the ethical standards of Declaration of Helsinki and 
ethical approval of the study protocol was obtained from 
local Committee of Ethics of Necmettin Erbakan Univer-
sity, Meram Faculty of Medicine. The NASH group con-
sisted of patients with elevated liver enzymes lasting for 
at least 3  months and various degrees of liver steatosis 
diagnosed using  abdominal ultrasound. Liver biopsy 
was performed on all patients in the NASH group and the 
presence of steatohepatitis was confirmed by a histologic 
examination. On the other hand, the simple steatosis 
group included patients with normal serum transami-
nases whose transabdominal ultrasound showed the pres-
ence of hepatosteatosis. The control group consisted of 
healthy people with normal liver enzymes. An abdominal 
ultrasound was performed again on all patients in the 
control group to confirm the absence of liver steatosis. 
Viral hepatitis markers (hepatitis B core antigen, hepa-
titis B surface antigen and anti-hepatitis C virus (HCV) 
antibody), autoimmune hepatitis markers (anti nuclear 
antibody, anti-smooth muscle antibody, anti-liver-kidney 
microsomal antibody), serum copper and ceruloplasmin 
levels and serum transferrin saturation were obtained 

from all patients in the NASH group to exclude chronic 
liver disease of any other etiology. On the other hand, 
hepatitis B surface antigen, hepatitis B core antigen and 
anti-HCV antibodies were obtained from all patients in the 
simple steatosis and control groups and the subjects with 
positive serological test results were excluded. Patients 
with liver diseases of any other etiology, patients with con-
siderable alcohol consumption (>20 g/day for males and  
>10 g/day for females), patients with known malignan-
cies, autoimmune diseases or any active infections were 
also excluded from the study.

From January 2016 to December 2016, 1312 patients 
were admitted to our gastroenterology outpatient clinic 
for several reasons and 64 patients fulfilling the criteria 
for NASH were identified and offered a liver biopsy. A liver 
biopsy was performed on 35 patients who agreed for the 
biopsy. Five patients were not included in the study due 
to their unwillingness and 30 patients were included in 
the study. During the study period 97 patients meeting the 
criteria for simple steatosis were identified from our out-
patient clinic, and age- and sex-matched 40 patients who 
agreed to participate in the study were randomly included 
in the simple steatosis group.

Anthropometric measurements were obtained from all 
subjects and the weight and height of the participants were 
measured with calibrated scales. Body mass index (BMI) 
was computed using the formula: BMI = body weight/
(height)2. Blood samples for the biochemical analysis 
were obtained early in the morning after overnight fasting. 
Serum transaminases, fasting plasma glucose, bilirubin, 
alkaline phosphatase (ALP) and γ-glutamyltransferase 
(GGT) levels were measured in our hospital’s labora-
tory using automated analyzers (Abbott Architect 16000 
system, Abbott Laboratories, Abbott Park, IL, USA). Blood 
samples for thiol-disulfide hemostasis analysis were cen-
trifuged at 4000 rpm/min for 5 min, serum samples were 
separated and transferred to freezer to be stored at −80 
°C until the day of analysis. As previously mentioned 
dynamic thiol-disulfide homeostasis was measured using 
the Erel and Neselioglu’s method; in this method sodium 
borohydride (Merck Co., Darmstadt, Germany) is added to 
the serum sample to reduce all dynamic disulfide bonds 
to functional thiols. Then, unconsumed sodium borohy-
dride is removed from the milieu using formaldehyde and 
the total thiol concentration is measured using the modi-
fied Ellman’s reagent (Merck Co., Darmstadt, Germany). 
The native thiol concentration is subtracted from the 
total thiol concentration and half of the obtained differ-
ence gives the disulfide bond amount. Then the disulfide/
native thiol, disulfide/total thiol and native thiol/total 
thiol ratios are calculated arithmetically.
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Statistical analyses were done using the computer 
software IBM SPSS Statistics for Windows, Version 19.0. 
(IBM Corp., Armonk, NY, USA). The one-sample Kolmog-
orov-Smirnov test was used to test normality. Continuous 
variables were expressed as mean ± standard deviation 
(SD). Statistical analysis to test for the significance of dif-
ference between three or more groups were done using the 
one-way analysis of variance (ANOVA) test and the Stu-
dent’s t-test was used to determine the significance of dif-
ferences between the two groups. The Pearson correlation 
coefficient was used to test for the significance of linear 
dependence between two continuous variables. Receiver 
operating characteristic (ROC) curves were obtained for 
tested parameters to differentiate NASH patients from 

patients with simple steatosis and sensitivities and spe-
cificities were calculated. The statistical significance level 
was defined as p < 0.05 for all analyses.

Results
The study group consisted of 57 (47.5%) male and 63 (52.5%) 
female subjects, with a mean age of 46.1 ± 10.1 years. There 
were 30 (25%) subjects in the NASH group, 40 (33.3%) 
subjects in the simple steatosis group and 50 (41.7%) sub-
jects in the control group. All study groups were found 
to be similar in terms of age and gender distribution. 

Table 1: Clinical, demographical and laboratory data of the groups.

Control group (n = 50) Simple steatosis (n = 40) NASH (n = 30) p-Value

Age, years 45.2 ± 9.3 45.3 ± 10.1 48.6 ± 11.2 0.308
Male (n, %)/female (n, %) 24 (48)/26 (52) 19 (47.5)/21 (52.5) 14 (46.7)/16 (53.3) 0.993
BMI, kg/m2 24.0 ± 3.5 28.9 ± 4.3 28.6 ± 6.0 <0.001a,b

Waist to hip ratio, % 85.7 ± 8.9 89.7 ± 5.7 94.4 ± 9.8 <0.001a,b,c

SBP, mmHg 104.8 ± 9.8 127.6 ± 11.3 124.3 ± 15.7 <0.001a,b

DBP, mmHg 69.2 ± 7.5 76.6 ± 8.0 81.3 ± 10.0 <0.001a,b,c

Glucose, mg/dL 92.3 ± 10.2 99.7 ± 11.2 138.0 ± 58.3 <0.001a,b,c

Urea, mg/dL 27.1 ± 7.6 26.5 ± 6.8 28.2 ± 9.5 0.695
Creatinine, mg/dL 0.75 ± 0.13 0.75 ± 0.14 0.73 ± 0.20 0.803
ALT, U/L 18.5 ± 10.0 25.7 ± 15.4 109.6 ± 117.0 <0.001a,b,c

AST, U/L 21.1 ± 8.5 20.2 ± 5.6 63.2 ± 41.5 <0.001b,c

GGT, U/L 19.4 ± 10.6 38.8 ± 42.5 63.9 ± 48.6 <0.001a,b,c

ALP, U/L 64.1 ± 13.3 78.4 ± 32.2 97.5 ± 82.1 0.005a,b

T.Bil, mg/dL 0.75 ± 0.38 0.69 ± 0.38 0.76 ± 0.38 0.505
D.Bil, mg/dL 0.23 ± 0.12 0.23 ± 0.10 0.28 ± 0.17 0.28
Total protein, g/dL 7.2 ± 0.7 7.3 ± 0.3 7.0 ± 0.8 0.506
Albumin, g/dL 4.4 ± 0.3 4.4 ± 0.3 4.1 ± 0.6 0.12
Triglyceride, mg/dL 84 (64–129) 179 (129–220) 142 (98–218) 0.001a,b

Total cholesterol, mg/dL 183 ± 42 214 ± 53 198 ± 62 0.104
LDL-C, mg/dL 112 ± 41 130 ± 45 118 ± 60 0.429
HDL-C, mg/dL 46.6 ± 11.9 45.5 ± 10.9 43.6 ± 13.0 0.645
Hemoglobin, g/dL 14.4 ± 1.6 14.8 ± 1.2 14.0 ± 2.10 0.132
Hct, % 42.2 ± 4.1 42.9 ± 6.1 41.1 ± 5.0 0.099
Leukocyte, mm3 6.9 ± 1.4 7.50 ± 1.7 7.7 ± 2.0 0.125
Thrombocyte, mm3 253 ± 56 263 ± 51 269 ± 99 0.573
Native thiol, μmol/L 451 ± 36 416 ± 41 378 ± 62 <0.001a,b,c

Total thiol, μmol/L 480 ± 37 447 ± 38 415 ± 64 <0.001a,b,c

Disulfide, μmol/L 14.9 ± 3.6 15.5 ± 4.8 18.5 ± 6.3 0.005b,c

Disulfide/native thiol, % 3.32 ± 0.84 3.81 ± 1.45 5.00 ± 2.17 <0.001b,c

Disulfide/total thiol, % 3.10 ± 0.74 3.50 ± 1.21 4.49 ± 1.64 <0.001b,c

Native thiol/total thiol, % 93.8 ± 1.5 93.0 ± 2.4 91.0 ± 3.3 <0.001b,c

NASH, non-alcoholic steatohepatitis; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; ALP, alkaline phosphatase; T.Bil, total bilirubin; D.Bil, direct 
bilirubin; LDL-C, low density lipoprotein; HDL, high density lipoprotein; Hct, hematocrit. a,b,cDenote for the results of binary comparisons 
between the study groups. aThe difference between the control group and the simple steatosis group is statistically significant. bThe differ-
ence between the control group and the NASH group is statistically significant. cThe difference between the simple steatosis group and the 
NASH group is statistically significant.
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Demographical characteristics, anthropometric measure-
ments and laboratory findings of the NASH, simple steato-
sis and control groups are summarized in Table 1.

In the NASH group, 19 (63.4%) patients had diabetes 
mellitus, 10 (33.3%) patients had arterial hypertension, 
eight (26.7%) patients had hyperlipidemia and five (16.6%) 
patients had atherosclerotic coronary artery disease. Met-
abolic syndrome was present in 21 (70%) patients. Three 
patients (10.0%) in the NASH group were on insulin treat-
ment, 16 patients (53.3%) were using oral antidiabetic 
drugs, 13 patients (43.3%) were using oral antihyperten-
sive drugs (10 patients: angiotensing converting enzyme 
inhibitor, five patients: β-blockers, five patients: calcium 
channel blockers). Eight (26.6%) patients were on statin 
treatment for hyperlipidemia. In the simple steatosis 
group, five (12.5%) patients had diabetes mellitus, two 
(5.0%) patients had arterial hypertension, six (15.0%) 
patients had hyperlipidemia and one (2.5%) patient had 
atherosclerotic coronary artery disease. Metabolic syn-
drome was present in 16 (43.2%) patients. Five patients 
(12.5%) were using oral antidiabetic drugs, two patients 
(43.3%) were using oral antihypertensive drugs (one 
patient: angiotensing converting enzyme inhibitor, one 
patient: calcium channel blockers) and two (5%) patients 
were using statins.

The mean serum total thiol concentrations in the NASH, 
simple steatosis and control groups were 415 ± 64 μmol/L, 
447 ± 38 μmol/L and 480 ± 37 μmol/L, respectively, and the 
difference between the groups was statistically significant 
(p < 0.001). Intergroup comparisons showed that both the 
simple steatosis (p < 0.001) and NASH groups (p < 0.001) 
had statistically lower mean serum total thiol concentra-
tions than the healthy controls. The mean serum total thiol 
concentration was also significantly lower in the NASH 
group compared to the simple steatosis group (p = 0.044).

The mean serum native thiol concentrations in the 
NASH, simple steatosis and control groups were 378 ± 62 
μmol/L, 416 ± 41 μmol/L and 451 ± 36 μmol/L, respectively, 
and the difference between the groups was statistically 
significant (p < 0.001). Intergroup comparisons showed 
that both the simple steatosis (p < 0.001) and NASH groups 
(p < 0.001) had statistically lower mean serum native thiol 
concentrations than the healthy controls and the differ-
ence between the simple steatosis and NASH groups was 
also statistically significant (p = 0.013).

The Mean serum disulfide concentrations in the NASH, 
simple steatosis and control groups were 18.5 ± 6.3 μmol/L, 
15.5 ± 4.8 μmol/L and 14.9 ± 3.6 μmol/L, respectively, and 
the difference between the groups was statistically sig-
nificant (p = 0.005). Intergroup comparisons showed that 
the difference between the simple steatosis and control 

groups was not statistically significant (p = 0.76), on the 
other hand, the NASH group had significantly higher mean 
serum disulfide concentration than both the simple steato-
sis group (p = 0.03) and healthy controls (p = 0.006).

Figure 1 summarizes the mean serum native thiol, 
total thiol and disulfide concentrations in the NASH, 
simple steatosis and control groups.

The mean native thiol/total thiol ratio was 91.0 ± 3.3%, 
93.0 ± 2.4% and 93.8 ± 1.5% in the NASH, simple steatosis 
and control groups, respectively, and statistical analyses 
showed that the NASH group had a significantly lower 
native thiol/total thiol ratio than both the simple steatosis 
(p = 0.002) and control groups (p < 0.001) whereas the dif-
ference between the simple steatosis and control groups 
was not statistically significant (p = 0.14).

The mean disulfide/total thiol ratio was 4.49 ± 1.64%, 
3.50 ± 1.21% and 3.10 ± 0.74% in the NASH, simple steatosis 
and control groups, respectively, and statistical analyses 
showed that the NASH group had a significantly higher 
disulfide/total thiol ratio than both the simple steatosis 
(p = 0.002) and control groups (p < 0.001) whereas the dif-
ference between the simple steatosis and control groups 
was not statistically significant (p = 0.13).

The mean disulfide/native thiol ratio was 5.00 ± 2.17%, 
3.81 ± 1.45% and 3.32 ± 0.84% in the NASH, simple steato-
sis and control groups, respectively, and statistical anal-
yses showed that the NASH group had a significantly 
higher disulfide/total thiol ratio than both the simple ste-
atosis (p = 0.002) and control groups (p < 0.001) whereas 

Figure 1: The mean serum native thiol, total thiol and disulfide con-
centrations in the NASH, simple steatosis and control groups.
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the difference between the simple steatosis and control 
groups was not statistically significant (p = 0.13).

Correlation analyses showed that the serum native thiol 
and total thiol concentrations were negatively correlated 
with the serum aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), GGT, triglyceride levels, BMI and 
waist to hip ratio and positively correlated with the serum 
albumin concentration in patients with NAFLD. On the 
other hand, the serum disulfide concentration was found to 

be positively correlated with the serum AST, ALT, triglycer-
ide levels and waist to hip ratio in NAFLD patients. Correla-
tion analyses are summarized in Table 2.

The control group was excluded from the analysis and 
ROC curves were obtained to test the ability of the serum 
native thiol, total thiol and disulfide concentrations and the 
native thiol/total thiol, disulfide/total thiol and disulfide/
native thiol ratios to differentiate NASH patients from 
patients with simple steatosis. Best results were obtained 

Table 2: Correlation analyses.

Native thiol, μmol/L Total thiol, μmol/L SH/total thiol, % Disulfide, μmol/L

p-Value P p-Value P p-Value P p-Value P

BMI, kg/m2 0.001 −0.318 0.002 −0.297 0.022 −0.218 0.120 0.149
Waist to hip ratio 0.004 −0.275 0.014 −0.235 0.001 −0.311 0.013 0.238
Glucose, mg/dL <0.0001 −0.433 <0.0001 −0.414 0.003 −0.281 0.122 0.146
Creatinine, mg/dL 0.0408 0.077 0.323 0.092 0.556 −0.053 0.452 0.070
AST, U/L <0.0001 −0.444 <0.0001 −0.412 <0.0001 −0.374 0.019 0.219
ALT, U/L <0.0001 −0.331 0.002 −0.284 <0.0001 −0.388 0.002 0.288
GGT, U/L 0.013 −0.269 0.024 −0.246 0.023 −0.248 0.209 0.138
Albumin, g/dL <0.0001 0.543 <0.0001 0.551 0.024 0.238 0.726 −0.037
TG, mg/dL 0.045 −0.217 0.189 −0.143 <0.0001 −0.412 <0.0001 0.410

BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; TG, triglyceride;  
P, correlation coefficient.
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Figure 2: ROC curves for the serum native thiol and total thiol 
concentrations and the native thiol/total thiol ratio to differentiate 
NASH patients from patients with simple steatosis.
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from the native thiol/total thiol, disulfide/total thiol and 
disulfide/native thiol ratios. For the native thiol/total thiol 
ratio, AUC was 0.720 [95% confidence interval (CI): 0.60–
0.84] and the specified cut-off value of 92.95 yielded 83.3% 
sensitivity and 62.5% specificity. For the disulfide/total thiol 
ratio, AUC was 0.722 (95% CI: 0.602–0.841) and the speci-
fied cut-off value of 3.45 yielded 83.3% sensitivity and 57.5% 
specificity. Lastly for the disulfide/native thiol ratio, AUC 
was 0.720 (95% CI: 0.599–0.840) and the specified cut-off 
value of 3.75 yielded 83.3% sensitivity and 60.0% specificity.

ROC curves are summarized in Figures 2 and 3.

Discussion
The liver is the main organ for metabolism and detoxifica-
tion of many toxic substances. These detoxification reac-
tions result in continuous generation of pro-oxidants, such 
as reactive oxygen and nitrogen species. In health, these 
pro-oxidants are balanced with antioxidants at a similar 
rate to avoid oxidative injury within the liver. Maintenance 
of this oxidative homeostasis is of vital importance for 
the liver. Among these antioxidants, glutathione, which 
is the most abundant intracellular thiol, is of particular 
importance [16]. A disturbance in the balance between 
pro-oxidants and antioxidants is known as oxidative stress 
and it has been shown to contribute to the pathogenesis 
of several chronic liver diseases including NAFLD and 
NASH. The NAFLD pathogenesis is believed to be complex 
and multifactorial. Currently, the “two hit” hypothesis is 
widely accepted to explain the pathogenesis of NAFLD and 
NASH [17]. According to this hypothesis the first insult is 
insulin resistance which promotes peripheral lipolysis and 
causes increased serum concentrations of free fatty acids. 
Excessive delivery of free fatty acids to the liver results 
in lipid accumulation within the hepatocytes. Another 
consequence of insulin resistance is hyperglycemia and 
increased hepatic insulin dependent lipogenesis from 
glucose, which further augments hepatic steatosis. The 
mechanisms underlying progression from simple steatosis 
to steatohepatitis are multifactorial and complex and this 
is the point where the “second hit” gains importance. The 
“second hit” comes from lipid peroxidation, mitochondrial 
dysfunction and inflammation, which result in hepato-
cyte damage and development of liver fibrosis. Oxidative 
stress which can mediate inflammation and cytotoxicity 
through different mechanisms is particularly believed to 
be important in this step. Indeed several studies in the lit-
erature point out the role of oxidative stress in the patho-
genesis of NAFLD and NASH [18–21]. Oxidative stress may 

contribute to the pathogenesis of NAFL and NASH through 
several mechanisms. First, reactive oxygen and nitrogen 
species may contribute to the “first hit” in the NAFLD 
pathogenesis, that is insulin resistance, through induction 
of signaling pathways that may trigger insulin resistance 
[22]. Second, reactive oxygen and nitrogen species have 
been shown to activate or inhibit several signaling path-
ways that can modulate cellular lipid metabolism [23]. 
Third, oxidative stress causes damage to hepatocyte mito-
chondria and triggers mitochondrial dysfunction which is 
considered to be one of the key factors in the NASH patho-
genesis. The mitochondrial dysfunction causes further 
increase in reactive oxygen species and a vicious cycle is 
initiated. There is also evidence in the literature that oxi-
dative stress is related to endoplasmic reticulum stress 
within the cells and endoplasmic reticulum stress together 
with mitocondrial dysfunction triggers inflammation via 
activation of nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-κβ) [24]. The inflammation in turn 
further increases oxidative stress through production 
of several oxidative mediators from the hepatic Kuppfer 
cells and neutrophils, initiating another vicious cycle. 
On the other hand, oxidative stress may simultaneously 
promote hepatic fibrogenesis by activating hepatic stellate 
cells and also by causing upregulation of expression of 
genes involved in fibrogenesis, such as pro-collagen type 
I, monocyte chemoattractant protein 1 (MCP-1) and tissue 
inhibitor of metalloproteinase-1 (TIMP1), possibly via acti-
vation of transcription factors [25].

The results of the current study showed that thiol-
disulfide homeostasis is disturbed in NAFLD patients. 
Serum native and total thiol concentrations were found to 
be lower in the simple steatosis and NASH groups than in 
healthy controls. Serum native and total thiol concentrations 
were also significantly lower in NASH patients compared to 
patients with simple steatosis. On the other hand, the mean 
serum disulfide concentration was found to be higher in 
the NASH group than in both the simple steatosis group 
and healthy controls. The net result of these findings can be 
summarized as shifting of dynamic thiol-disulfide balance 
toward disulfide formation which indicates the presence of 
oxidative stress in NAFLD patients. To our knowledge, this is 
the first study in the literature investigating dynamic thiol-
disulfide homeostasis in NAFLD patients using the Erel’s 
method [10]. Although the contribution of oxidative stress 
to the NAFLD and NASH pathogenesis is well documented, 
the number of studies investigating serum markers of sys-
temic oxidative stress in these patients is limited. In a study 
conducted by Başkol et al. [26], the serum total thiol con-
centration was found to be lower in the NASH patients than 
in healthy controls. They have also reported that plasma 
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advanced oxidation protein products, total oxidant status 
and oxidative stress index were significantly higher in NASH 
patients compared to healthy controls. In another study, the 
serum concentration of protein carbonyls, another marker 
of systemic oxidative stress, have been shown to increase 
in pediatric NASH patients [21]. Also in a study conducted 
by Leach et  al. [27], a lower glutathione peroxidase activ-
ity and lower serum levels of total and reduced glutathione 
have been reported in NASH patients compared to healthy 
controls. All these findings indicate that, concentrations of 
different serum markers of oxidative stress are increased in 
patients with NAFLD and NASH confirming the possible role 
of oxidative stress. In this aspect, the results of our study can 
be considered to be consistent with past researches.

There are several studies investigating various bio-
markers of necroinflammation and fibrosis in NAFLD 
patients to differentiate NASH from simple steatosis but 
currently there is no optimal serum marker. Cytokeratin-18 
(CK-18), leptin, adiponectin, C-reactive protein, interleu-
kin-6, interleukin-8 and tumor necrosis factor α were inves-
tigated in different studies to differentiate NASH patients 
[28]. Among these, CK-18 is a promising biomarker. CK-18 is 
a protein found in the liver and the serum level of CK-18 has 
been shown to increase in NASH patients [29, 30]. In the 
current study, the calculated sensitivities and specificities 
for different dynamic thiol-disulfide homeostasis para-
meters as markers to differentiate NASH patients from 
patients with simple steatosis were moderate; therefore, 
using these parameters alone does not seem to be suitable 
as serum markers to diagnose NASH patients. But, they may 
be combined with other clinical and laboratory parameters 
in the management of NAFLD patients. Our findings indi-
cate that changes in the serum native thiol/total thiol ratio, 
disulfide/total thiol ratio and disulfide/native thiol ratio 
were prominent in NASH patients. Therefore rather than 
individually measuring the serum native thiol, total thiol or 
disulfide concentrations, determination of all parameters 
of dynamic thiol-disulfide homeostasis using the Erel’s 
method may be more appropriate in patients with NAFLD.

In conclusion, thiol-disulfide homeostasis is dis-
turbed and shifted towards disulfide side in patients with 
NAFLD and NASH which supports the role of oxidative 
stress in the pathogenesis of fatty liver disease. Further 
studies are needed to clarify the pathophysiological mech-
anisms underlying this association. Better understanding 
of these mechanisms would facilitate development of new 
therapeutic strategies in the era of NAFLD and NASH.
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