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Öz

Amaç
Bu çalışmada, otoimmün karaciğer hastalığında 
(AILD) belirteç olarak total antioksidan durum (TAS), 
oksidatif stres indeksi (OSI), total oksidan durum 
(TOS), iskemi modifiye albumin (IMA) ve iskemi mo-
difiye albumin oranının (IMAR) yararı değerlendirildi.

Gereç ve Yöntem
Çalışma, 22'si otoimmün hepatit (AIH), 32'si primer 
biliyer kolanjit (PBC) ve 12'si AIH/PBC örtüşme send-
romu olan toplam 66 AILD hastası ve 49 sağlıklı kont-
rol içermekteydi. Serum TAS, TOS ve IMA düzeyleri 
analiz edildi. OSI, TOS/TAS olarak hesaplandı ve 
IMAR, IMA ve Alb'den türetildi.

Bulgular
Serum TAS, TOS, OSI, IMA ve IMAR değerleri AILD 
grubunda kontrollere göre anlamlı olarak daha yük-
sekti (sırasıyla p=0.004, <0.001, <0.001, <0.001 
ve <0.001). AILD'nin öngörülmesi için TOS, IMA ve 

IMAR'ın cut-off değerleri sırasıyla 4.1 μmol H2O2 
equiv./L, 0.522 absorbans ünitesi (ABSU) ve 0.520 
ABSU’dur. TOS, IMA ve IMAR için alıcı işletim karak-
teristik eğrilerinin altındaki alan sırasıyla 0.760, 0.830 
ve 0.858'dir.

Sonuç
Bulgularımız, AILD'de oksidatif stres varlığını ve ayrı-
mında ilgili belirteçlerin yararını göstermiştir.

Anahtar Kelimeler: Otoimmün karaciğer hastalığı, 
iskemi modifiye albumin, total antioksidan durum, to-
tal oksidan durum.

Abstract

Objective
Current study evaluated the utility of total antioxidant 
status (TAS), oxidative stress index (OSI), total oxi-
dant status (TOS), ischemia-modified albumin (IMA), 
and ischemia-modified albumin ratio (IMAR) as mar-
kers in autoimmune liver disease (AILD).
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Material and Methods
The study included a total of 66 AILD patients, 22 with 
autoimmune hepatitis (AIH), 32 with primary biliary 
cholangitis (PBC), and 12 with AIH/PBC overlap sy-
ndrome, and 49 healthy controls. Serum TAS, TOS, 
and IMA levels were analyzed. OSI was calculated as 
TOS/TAS and IMAR was derived from IMA and Alb.

Results
Serum TAS, OSI, TOS, IMA, and IMAR values were 
found to be significantly higher in the AILD group com-
pared to controls (p=0.004, <0.001, <0.001, <0.001, 
and <0.001, respectively). Cut-off values of TOS, 
IMA, and IMAR for the prediction of AILD were 4.1 

μmol H2O2 equiv./L, 0.522 absorbance unit (ABSU), 
and 0.520 ABSU, respectively. Area under the recei-
ver operating characteristic curves for TOS, IMA, and 
IMAR was 0.760, 0.830, and 0.858, respectively.

Conclusion
Our findings demonstrated the presence of oxidative 
stress in AILD and the utility of the related markers for 
its differentiation.

Keywords: Autoimmune liver disease, ischemia-mo-
dified albumin, total antioxidant status, total oxidant 
status

Introduction

Major autoimmune liver diseases (AILDs) are autoim-
mune hepatitis (AIH), primary biliary cholangitis (PBC), 
primary sclerosing cholangitis (PSC), and immuno-
globulin G4 (IgG4)-related cholangitis (1,2). In addi-
tion to these major groups, some patients diagnosed 
with AILD exhibit signs characteristic of different AILD 
subtypes, which is referred to as overlap syndrome 
(3). AILD, which most commonly presents as AIH and 
PBC (4), is characterized by self-perpetuating inflam-
mation of the liver with no recognized cause (5). Per-
sistent liver damage seen in these chronic diseases 
causes sustained inflammation, proliferation of cells, 
and accumulation of extracellular matrix proteins from 
portal myofibroblasts and hepatic stellate cells. If left 
untreated, liver function loss and cirrhosis are inevita-
ble (4,6). Diagnosis of AILD requires a combination of 
clinical, laboratory, and pathological criteria (7). How-
ever, there are no disease-specific clinical features, 
and autoantibodies are not disease-specific in many 
cases (8,9). Atypical liver histology also makes diag-
nosis difficult (10,11). 

The pathophysiological processes triggering the pro-
gression from first autoimmune attack of AILD to the 
fibrosis development and eventually cirrhosis and 
liver failure have not been fully elucidated (12-14). 
Oxidative injury has been proposed to take part in 
the pathogenesis of acute and chronic forms of liver 
disease in animal models, as well as in chronic liver 
diseases (CLDs) in humans such as alcoholic liver 
disease and viral hepatitis (15-17). Not many studies 
have examined the presence of oxidative stress in the 
various subgroups of AILD and overlap syndrome, 
and these were limited to the evaluation of individual 
markers (18,19).

The current study aims to evaluate various parame-
ters of antioxidant defense and oxidative damage in 
AILD to determine their relationship with the patho-
physiology of the disease. For this purpose, we in-
vestigated total antioxidant status (TAS), total oxidant 
status (TOS), oxidative stress index (OSI), isch-
emia-modified albumin (IMA), and ischemia-modified 
albumin ratio (IMAR) in AIH, PBC, and AIH/PBC over-
lap syndrome. As far as we know, our study presents 
the first analysis of TAS, TOS, OSI, IMA, and IMAR 
in AILD.

Materials And Methods

Subjects
A total of 66 AILD patients (22 with AIH, 32 with PBC, 
and 12 with AIH/PBC overlap syndrome) who were 
followed up in the AILD outpatient clinic of the De-
partment of Gastroenterology were recruited. All par-
ticipants were over 18 years of age and diagnosis 
was based on clinical, serological, endoscopic, and 
histological criteria. Those with other causes of hepa-
titis or cholestasis, hemochromatosis, or Wilson's dis-
ease were excluded from the study. Mean follow-up 
of the AIH, PBC, and AIH/PBC overlap syndrome pa-
tients were 87.6 ± 57.2, 140.5 ± 90.1, and 97.6 ± 69.1 
months, respectively. Seven of the patients had family 
history of AILD and 10 patients had cirrhosis. Treat-
ment regimens consisted of azathioprine and low-
dose steroid therapy for AIH, ursodeoxycholic acid 
therapy for PBC, and azathioprine, low-dose steroid, 
and ursodeoxycholic acid therapy for AIH/PBC over-
lap syndrome. Treatment response was monitored 
by ensuring liver enzymes were within the reference 
ranges.

A control group consisting of 49 healthy age- and 
sex-matched individuals was also recruited. The in-
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dividuals in the control group were not pregnant, had 
no known diseases such as chronic kidney disease, 
liver disease, cancer, or diabetes mellitus, and had no 
known history of chronic alcohol use. 

Patients and controls did not take antioxidant supple-
ments for at least two months prior to enrollment.

Sample Collection And Preparation
The study protocol was approved by the local ethics 
committee and each participant provided written in-
formed consent in accordance with the Declaration of 
Helsinki and the principles of Good Clinical Practice. A 
blood sample was collected from each participant into 
a clot-activating tube containing gel separator (Ref No: 
367955; BD Vacutainer® SST II Advance tube, 5 mL, 
13 x 100 mm, NJ, USA). Serum was separated by cen-
trifugation for 10 minutes at 1,500 × g within 1 hour of 
blood sampling. Serum specimens were aliquoted and 
stored at −80 °C until measurement of TAS, TOS, IMA, 
albumin (Alb), lactate dehydrogenase (LDH), alka-
line phosphatase (ALP), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), total bilirubin 
(TBil), direct bilirubin (DBil), and 25-hydroxyvitamin D 
(25[OH]D). TAS, TOS, IMA, and Alb levels were ana-
lyzed in both the AILD group and controls. In addition, 
LDH, ALP, AST, ALT, TBil, DBil, and 25(OH)D parame-
ters were analyzed in the AILD group.

Laboratory Assays
Serum Alb, LDH, ALP, AST, ALT, TBil, DBil, and 
25(OH)D parameters were analyzed by an automated 
procedure (Architect C16000 clinical chemistry, and 
Architect i2000SR immunoassay, Abbott, IL, USA). 

A method developed by Erel was implemented to 
determine serum TAS levels (20). According to this 
method, the most potent free radical, hydroxyl radi-
cal, is generated by mixing a solution of ferrous ion 
(reagent 1) with hydrogen peroxide (reagent 2) to cre-
ate a Fenton reaction. The antioxidant effect of the 
analyzed specimen against the free radical reactions 
commenced by the produced hydroxyl radical is then 
measured.

Serum TOS levels were assessed using another 
method, also developed by Erel (21). Method is based 
on oxidation of ferrous ion to ferric ion by oxidants 
in the sample in a reaction medium containing abun-
dant glycerol molecules that enhance the oxidation 
reaction. In the acidic medium, these ferric ions form 
a colored complex with xylenol orange that is mea-
sured spectrophotometrically to determine the overall 
amount of oxidant molecule present in the specimen.
OSI was calculated as follows: OSI = (TOS / TAS) × 

100. Calculation requires the conversion of TAS result 
unit from mmol Trolox equiv./L to µmol Trolox equiv./L.
Serum IMA levels were analyzed spectrophotomet-
rically at 470 nm using the cobalt-binding assay de-
scribed by Bar-Or (22). 

IMAR is used in order to eliminate the impact of al-
bumin concentration on IMA results. In an attempt to 
correct the IMA values for serum albumin levels, the 
following formula was applied: (individual serum Alb / 
median Alb in population) × IMA value (23). 

Statistical Analysis
The SPSS version 25 software package (SPSS Inc., 
Chicago, USA) was the software of choice for statis-
tical analyses performed. Normality of the data dis-
tributions was analyzed using Shapiro–Wilk test. For 
normally distributed data, statistical differences be-
tween the groups were evaluated using parametric 
tests (independent-samples t-test); non-normally dis-
tributed data were evaluated with nonparametric tests 
(Mann–Whitney U). The results were given as mean ± 
standard deviation or median and interquartile range. 
Receiver operating characteristic (ROC) curve anal-
yses were performed to determine diagnostic cut-off 
values and their sensitivity, specificity, and area under 
curve (AUC) values. For normally distributed data, 
correlations were evaluated by Pearson's correlation 
coefficient; Spearman rank correlation coefficient was 
used for non-normally distributed data. A p value of 
<0.05 was considered significant.

Ethical Considerations
Local ethics committee approved the study (Resolu-
tion Number 2019/17-3, dated November 13, 2019).

Results

Table 1 shows the demographic characteristics and 
oxidative stress/antioxidant status markers serum lev-
els in the AILD and control groups. No significant dif-
ference was found in age or sex between the groups. 
Serum TAS, TOS, OSI, IMA, and IMAR levels were 
found to be significantly higher in the AILD group com-
pared to controls. 

Levels of oxidative stress/antioxidant markers in the 
AILD subgroups are presented in Table 2. TAS, TOS, 
OSI, IMA, and IMAR levels were significantly higher 
in the AIH and PBC subgroups compared to controls. 
TOS, IMA, and IMAR levels were significantly higher 
in AIH/PBC overlap syndrome than in controls. TAS 
and OSI values were also higher in patients with AIH/
PBC overlap syndrome, but the differences were not 
significant.
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Serum median LDH, ALP, AST, ALT, TBil, DBil, 25 
(OH) D levels in the AILD group were 200.0 (183.0-
225.0, IQR) U/L, 106.0 (72.8-157.8) U/L, 27.0 (20.3 
-35.0) U/L, 25.0 (18.3-38.8) U/L, 0.70 (0.50-1.00) mg/
dL, 0.30 (0.20-0.40) mg/dL, and 18.1 (9.5-31.1) ng/
mL, respectively. Correlations between serum oxida-
tive stress markers and serum analytes are shown 
in Table 3. TOS and OSI were correlated with LDH. 
IMA was correlated with ALP, AST, ALT, TBil, DBil, and 
25(OH)D, while IMAR was correlated with ALP, AST, 
and DBil. 

The diagnostic capacities of the oxidative stress 
markers were evaluated using ROC curve analysis 
(Figure 1). Based on the interpretation of AUC pro-
posed by Hosmer and Lemeshow (24), AUC values 
indicated acceptable discrimination between AILD 
patients and healthy controls for TOS and excellent 
discrimination by IMA and IMAR. Cut-off values and 
diagnostic performance characteristics of TOS, OSI, 
IMA, and IMAR for the discrimination of AILD from the 
healthy controls are presented in Table 4. ROC curve 
analysis showed that the optimal cut-off values for the 
prediction of AILD were 4.1 μmol H2O2 equiv./L for 
TOS, 0.522 ABSU for IMA, and 0.520 ABSU for IMAR.
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Figure 1 
Receiver operating characteristic curves of total 
oxidative status (TOS), oxidative stress index (OSI), 
ischemia-modified albumin (IMA), and ischemia-
modified albumin ratio (IMAR) to examine their 
discriminative value in the assessment of autoimmune 
liver disease. 

Table 1 Demographic characteristics and oxidative stress/antioxidant status marker levels in the 
AILD and control groups.

Abbr: AILD, autoimmune liver disease; AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; TAS, total anti-oxidative sta-
tus; TOS, total oxidative status; OSI, oxidative stress index; IMA, ischemia-modified albumin; IMAR, ischemia-modified albumin 
ratio; ABSU, absorbance unit; SD, standard deviation; IQR, interquartile range (25th–75th percentile).

Parameter AILD group (n=66) Control group
(n=49) p

Age, years
mean ± SD 56.2 ± 12.4 51.6 ± 12.5 0.054

Sex, F/M 59/7 43/6 1.000

Primary diagnosis
     Autoimmune Hepatitis, n (%)
     Primary Biliary Cholangitis, n (%)
     AIH/PBC Overlap Syndrome, n (%)

22 (33.3)
32 (48.5)
12 (18.2)

TAS, mmol Trolox equiv./L
mean ± SD 1.80 ± 0.20 1.68 ± 0.24 0.004

TOS, μmol H2O2 equiv./L
median (IQR) 5.05 (4.04-6.73) 3.78 (3.09-4.15) <0.001

OSI, arbitrary unit
median (IQR) 0.29 (0.22-0.37) 0.22 (0.19-0.26) <0.001

IMA, ABSU
mean ± SD 0.575 ± 0.139 0.423 ± 0.084 <0.001

IMAR, ABSU 
median (IQR) 0.591 (0.516-0.645) 0.413 (0.367-0.491) <0.001
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Table 2 Oxidative stress/antioxidant status marker levels in the AILD subgroups and control group

*Autoimmune hepatitis vs. control group; †Primary biliary cholangitis vs. control group; ‡ AIH/PBC overlap syndrome vs. control 
group.Abbr: AILD, autoimmune liver disease; TAS, total anti-oxidative status; TOS, total oxidative status, OSI, oxidative stress 
index; IMA, ischemia-modified albumin; IMAR, ischemia-modified albumin ratio; ABSU, absorbance unit SD, standard deviation; 
IQR, interquartile range (25th–75th percentile).

Parameter Autoimmune 
Hepatitis

Primary Biliary 
Cholangitis

AIH/PBC Overlap 
Syndrome Control group p

TAS, mmol 
Trolox equiv./L
mean ± SD

1.83 ± 0.23 1.79 ± 0.20 1.76 ± 0.18 1.68 ± 0.24
0.012*
0.026†

0.288‡

TOS, μmol H2O2 
equiv./L
median (IQR)

4.92 (3.84-
9.00) 5.14 (4.17-6.49) 5.06 (4.05-6.46) 3.78 (3.09-4.15)

0.001*
<0.001†

0.006‡

OSI
median (IQR)

0.24 (0.22-
0.51) 0.31 (0.22-0.35) 0.28 (0.21-0.39) 0.22 (0.19-0.26)

0.022*
0.001†

0.053‡

IMA, ABSU
mean ± SD 0.559 ± 0.131 0.590 ± 0.140 0.560 ± 0.159 0.423 ± 0.084

<0.001*
<0.001†

0.013‡

IMAR, ABSU 
median (IQR)

0.582 (0.506-
0.623) 0.600 (0.523-0.660) 0.553 (0.485-0.662) 0.413 (0.367-0.491)

<0.001*
<0.001†

<0.001‡

Table 3 Correlations between serum analytes and oxidative stress markers.

Abbr: TOS, total oxidative status, OSI, oxidative stress index; IMA, ischemia-modified albumin; IMAR, ischemia-modified albu-
min ratio; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; TBil, total bilirubin; DBil, direct bilirubin; 25(OH)D, 25-hydroxyvitamin D.
*Statistically significant parameters (p<0.05).

Parameter
TOS OSI IMA IMAR

r p r p r p r p
LDH 0.302 0.003* 0.279 0.006* 0.103 0.317 0.118 0.253

ALP 0.080 0.402 0.460 0.629 0.280 0.003* 0.258 0.006*

AST 0.151 0.111 0.111 0.244 0.227 0.016* 0.200 0.034*

ALT 0.032 0.739 -0.003 0.976 0.190 0.044* 0.171 0.070

TBil 0.173 0.082 0.136 0.174 0.199 0.045* 0.171 0.086

DBil 0.085 0.403 0.039 0.705 0.336 0.001* 0.296 0.003*

25(OH)D 0.010 0.938 -0.007 0.959 -0.256 0.043* -0.223 0.078
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Discussion

The major finding from the present study is that oxida-
tive stress markers were elevated in AILD patients. To 
our knowledge these are the first data on TAS, TOS, 
OSI, IMA, and IMAR in AILD.

Previous studies in patients with AILD investigated 
individual oxidative stress parameters such as GSH 
status and lipid peroxidation products, or accumu-
lation of intrahepatic 3-nitrotyrosine (18,19,25,26). 
Pemberton et al. reported increased plasma and urine 
levels of 8-isoprostane, a lipid peroxidation marker, 
and increased plasma malondialdehyde, another lip-
id peroxidation marker, in type I AIH patients (18). In 
a study of 47 patients, Beyazit et al. determined that 
serum nitric oxide levels were associated with the his-
tological severity of AIH (19). Similar to Pemerton’s 
findings, Aboutwerat et al. also observed elevated 
urine and plasma 8-isoprostane and plasma malondi-
aldehyde levels in 41 PBC patients (25). Although we 
evaluated different parameters in the present study, 
our conclusion was consistent with the studies above.

Reactive oxygen species (ROS) occur normally in 
all cells and tissues at relatively low levels, acting as 
messengers in signal transduction pathways and con-
tributing to regulatory processes such as cell prolifer-
ation, oncogene expression, and calcium homeosta-
sis (27). However, ROS are highly reactive molecules 
that overwhelm the antioxidant protective systems 
when produced in excess and consequently damage 
cell membranes, disturb mitochondrial function, mod-
ify expression of genes, lead to apoptosis or necrosis 
of liver cells, and promote hepatic fibrosis in CLDs 
(28,29). ROS can increase existing hepatic fibrosis by 
activating stellate cells in liver; furthermore, reactive 
nitrogen species (RNS) can promote apoptosis and 
hepatocyte loss. Subsequently, fresh ROS and RNS 
are produced by hepatocyte death, Kupffer cell acti-

vation, and the transformation of hepatic stellate cells 
to myofibroblasts, resulting in self-amplification loops 
(29). In the present study, the higher oxidative stress 
marker levels in AILD patient group compared to con-
trol group suggest that similar mechanisms may take 
place in AILD, the pathophysiology of which is still not 
fully understood. 

As measuring the separate oxidant effect of each dif-
ferent molecule is impractical, we evaluated their cu-
mulative oxidant effects using the TOS assay devel-
oped by Erel. This method, the main components of 
which are hydrogen peroxide and lipid hydroperoxide, 
is fast, easy, stable, reliable, sensitive, and has high 
linearity (21). TOS has been used as an oxidative 
stress marker in various pathologies ranging from ac-
tive pulmonary tuberculosis to necrotizing enterocoli-
tis (30,31). Our study is the first to investigate TOS in 
AILD and showed that AILD patients have higher TOS 
compared to healthy controls.

Previous studies have suggested that OSI, which 
was developed to more clearly define the imbalance 
between oxidants and antioxidants, may be a useful 
parameter in the determination of oxidative stress. 
Previous studies utilized OSI as a marker of oxidative 
stress and oxidant-antioxidant imbalance in patients 
with hepatitis B (32), as well as non-alcoholic fatty liv-
er (NAFLD) (33), and experimental liver fibrosis (34). 
Like TOS, OSI has not been studied previously in 
AILD. Together with our TOS results, our findings of 
higher OSI in AILD patients support the role oxidative 
stress plays in AILD pathophysiology. 

Conditions such as ischemia/hypoxia, acidosis, and 
free radicals result in ROS production which can re-
duce the ability of the albumin N-terminus to bind 
with transition metals such as cobalt. This modified 
albumin is referred to as IMA (35). In recent years, 
increased IMA levels have been reported in several 
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Table 4 Cut-off values and diagnostic performance characteristics of oxidative stress markers in the 
differential diagnosis of the AILD group from healthy controls.

Abbr: AILD, autoimmune liver disease; TOS, total oxidative status, OSI, oxidative stress index; IMA, ischemia-modified albumin; 
IMAR, ischemia-modified albumin ratio; ABSU, absorbance unit; AUC, area under curve; CI, confidence interval.

Parameter Cut-off value Sensitivity (%) Specificity (%) AUC (95% CI) p value
TOS, μmol H2O2 
equiv./L >4.1 71.2 75.6 0.760 (0.671-0.834) <0.001

OSI >0.289 53.0 83.7 0.692 (0.599-0.775) <0.001

IMA, ABSU >0.522 71.2 89.8 0.830 (0.749-0.894) <0.001

IMAR, ABSU >0.520 74.2 89.8 0.858 (0.781-0.916) <0.001
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chronic illnesses such as diabetes, hyperlipidemia, 
chronic kidney disease, obesity, and especially isch-
emic heart disease (36,37,38,39). In addition, a few 
studies have investigated IMA levels in CLD. Cakir et 
al. evaluated IMA and IMAR in pediatric patients with 
CLD and reported that IMA levels were correlated with 
Child-Pugh criteria, disease severity, and liver fibrosis 
(40). Kumar et al. suggested that IMA could be used 
as a marker to evaluate disease severity and progno-
sis of CLD (41). We observed an increase in IMA in 
our AILD group consistent with those in TOS and OSI.
As the IMA method is based on albumin binding of 
cobalt, we also calculated IMAR to avoid the effect 
of interindividual variations in albumin level on IMA 
results. As in other oxidative stress markers in this 
study, levels of IMAR were significantly higher in AILD 
patients. 

The fact that all the oxidative stress markers we an-
alyzed were high in AIH and PBC subgroups support 
the usefulness of TOS, OSI, IMA, and IMAR in dif-
ferentiating these subgroups from the normal popu-
lation. Our results suggest that only TOS, IMA, and 
IMAR can be used as markers in AIH/PBC overlap 
syndrome.
In the present study, TAS levels were found to be 
higher in AILD patients compared to controls. Some 
previous studies present TAS data that conflict with 
our results. Horoz et al. reported lower levels of TAS 
in patients with NAFLD compared to controls (42). 
Sen et al. detected no difference in TAS levels be-
tween controls and patients with inactive hepatitis B, 
whereas chronic hepatitis B patients had lower TAS 
than controls (43). However, other studies in the liter-
ature are consistent with the results of our research. 
Selek et al. reported that serum TAS concentrations 
were higher in patients with obsessive-compulsive 
disorder (OCD) in their study based on literature sug-
gesting the role of free radicals in OCD (44). They 
suggested that this may be due to a reactive increase 
in defense mechanisms. Another argument is that an-
tioxidants are not always the “good guys,” which is 
supported by evidence of higher antioxidant levels in 
certain diseases, such as polycystic ovary syndrome 
(45). An alternative explanation is that TAS levels in 
our patients were influenced by their treatment regi-
mens; for example, ursodeoxycholic acid has antiox-
idant properties.

We also determined that serum analytes used in the 
laboratory assessment of AILD were correlated with 
TOS, OSI, IMA, and IMAR. In addition, the negative 
correlation between 25(OH)D and IMA was also a 
noteworthy finding. Vitamin D deficiency plays a key 
role in many diseases ranging from cancer to auto-

immune disease, but very little is known with regards 
to the role of 25(OH)D in AILD (46). It has been pro-
posed that 25(OH)D is associated with severe fibrosis 
and inflammation in AIH (47), and one of the mech-
anisms by which reduced 25(OH)D level may cause 
these consequences is elevated ROS levels. Findings 
related to 25(OH)D supplementation and reduced se-
rum MDA levels in CLD also indicate the need for fur-
ther research into the link between AILD, 25(OH)D, 
and oxidative stress (48).

In terms of the utility of oxidative stress markers to 
differentiate patients with AILD from the healthy popu-
lation, we determined that a TOS value above 4.1 was 
an acceptable marker for AILD (AUC=0.760, 71.2% 
sensitivity, 75.6% specificity). Furthermore, IMA above 
0.522 (AUC=0.830, 71.2% sensitivity, 89.8% specific-
ity) and IMAR above 0.520 (AUC=0.858, 74.2% sen-
sitivity, 89.8% specificity) were both excellent markers 
for AILD.

This study has certain limitations. Firstly, the AILD pa-
tient group was relatively small. In addition, our anal-
ysis was based on a single measurement instead of 
serial analyses, and LDH, ALP, AST, ALT, TBil, DBil, 
and 25(OH)D were assessed only in the AILD group.

Conclusion

Consequently, we present the first evaluation of 
TAS, TOS, OSI, IMA, and IMAR in AILD. Our find-
ings demonstrated the presence of oxidative stress 
in AILD and the usefulness of these parameters as 
markers for the differentiation of these patients.

References

1.	 Floreani A, De Martin S, Secchi MF, Cazzagon N. Extrahepatic 
autoimmunity in autoimmune liver disease. European Journal 
of Internal Medicine 2019;59:1-7. 

2.	 Hong-Ying Pan, Yi-Ning Dai, Ji-Na Zheng, Ke-Qing Shi, Sven 
Van Poucke,  Hai Zou, et al. National incidence of autoimmune 
liver diseases and its relationship with the human development 
index. Oncotarget 2016;7(29):46273–282.

3.	 Nayagam JS, Miquel R, Joshi D. Overlap Syndrome with Auto-
immune Hepatitis and Primary Sclerosing Cholangitis. Europe-
an Medical Journal Hepatology 2019;7(1):95-104.

4.	 Liberal R, Grant CR. Cirrhosis and autoimmune liver disease: 
Current understanding. World Journal of Gastroenterology 
2016;8(28):1157-68.

5.	 Czaja AJ. Autoimmune liver disease. Current Opinion in Gast-
roenterology 2009;25:215-22.

6.	 Penz-Österreicher M, Österreicher CH, Trauner M. Fibrosis in 
autoimmune and cholestatic liver disease. Best Practice & Re-
search Clinical Gastroenterology 2011;25(2):245-58.

7.	 Moreira RK, Revetta F, Koehler E, Washington MK. Diagnos-
tic utility of IgG and IgM immunohistochemistry in autoimmu-
ne liver disease. World Journal of Gastroenterology 2010; 
16(4):453-7.

8.	 Bogdanos DP, Invernizzi P, Mackay IR, Vergani D. Autoimmune 

Süleyman Demirel Üniversitesi Tıp Fakültesi Dergisi



Süleyman Demirel Üniversitesi Tıp Fakültesi Dergisi Oxidative Status In Autoimmune Liver Disease

liver serology: current diagnostic and clinical challenges. World 
Journal of Gastroenterology 2008;14:3374-87.

9.	 Czaja AJ. Autoantibodies as prognostic markers in auto-
immune liver disease. Digestive Diseases and Sciences 
2010;55(8):2144-61.

10.	Zen Y, Notsumata K, Tanaka N, Nakanuma Y. Hepatic cent-
rilobular zonal necrosis with positive antinuclear antibody: a 
unique subtype or early disease of autoimmune hepatitis? Hu-
man Pathology 2007;38:1669–75. 

11.	 Miyake Y, Iwasaki Y, Terada R, Onishi T, Okamoto R, Takagu-
chi K, et al. Clinical features of Japanese type 1 autoimmune 
hepatitis patients with zone III necrosis. Hepatology Research 
2007;37:801–5.

12.	Zachou K, Muratori P, Koukoulis GK, Granito A, Gatselis N, 
Fabbri A, et al. Review article: autoimmune hepatitis – its aeti-
opathogenesis, clinical features, diagnosis and management. 
Alimentary Pharmacology & Therapeutics 2013;38:887–913.

13.	Lindor KD, Gershwin ME, Poupon R, Kaplan M, Bergasa NV, 
Heathcote EJ; American Association for Study of Liver Dise-
ases. Primary biliary cirrhosis. Hepatology 2009;50:291–308.

14.	Chapman R, Fevery J, Kalloo A, Nagorney DM, Boberg KM, 
Shneider B, et al. American Association for the Study of Liver 
Diseases. Diagnosis and management of primary sclerosing 
cholangitis. Hepatology 2010;51:660–78.

15.	Ramachandran A, Jaeschke H. Oxidative Stress and Acute He-
patic Injury. Current Opinion in Toxicology 2018;7:17-21.

16.	Ljubuncic P, Tann Z, Bomzon A. Evidence of a systemic phe-
nomenon for oxidative stress in cholestatic liver disease. Gut 
2000;47:710–6.

17.	Medina J, Moreno-Otero R. Pathophysiological basis for antioxi-
dant therapy in chronic liver disease. Drugs 2005;65(17):2445-
61.

18.	Pemberton PW, Aboutwerat A, Smith A, Burrows PC, McMahon 
RF, Warnes TW. Oxidant stress in type I autoimmune hepatitis: 
the link between necroinflammation and fibrogenesis? Biochi-
mica et Biophysica Acta 2004;1689:182–9.

19.	Beyazit Y, Efe C, Tanoglu A, Purnak T, Sayilir A, Taskıran I, et al. 
Nitric oxide is a potential mediator of hepatic inflammation and 
fibrogenesis in autoimmune hepatitis. Scandinavian Journal of 
Gastroenterology 2015;50(2):204-10.

20.	Erel O. A novel automated direct measurement method for total 
antioxidant capacity using a new generation, more stable ABTS 
radical cation. Clinical Biochemistry 2004;37:277–85.

21.	Erel O. A new automated colorimetric method for measuring 
total oxidant status. Clinical Biochemistry 2005;38:1103–11.

22.	Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt-albu-
min binding and its potential as a marker for myocardial ische-
mia-a preliminary report. The Journal of Emergency Medicine 
2000;19:311–5.

23.	Lippi G, Montagnana M, Salvagno GL, Guidi GC. Standardi-
zation of ischemia-modified albumin testing: adjustment for 
serum albumin. Clinical Chemistry and Laboratory Medicine 
2007;45(2):261-2.

24.	Hosmer DW and Lemeshow S. Assessing the Fit of the Model 
in Applied Logistic Regression NY, John Wiley & sons 2000, 
160-164.

25.	Aboutwerat A, Pemberton PW, Smith A, Burrows PC, Mc-
Mahon RF, Jain SK, et al. Oxidant stress is a significant fea-
ture of primary biliary cirrhosis. Biochimica et Biophysica Acta 
2003;1637: 142–50.

26.	Sanz-Cameno P, Medina J, García-Buey L, García-Sánchez A, 
Borque MJ, Martín-Vílchez S, et al. Enhanced intrahepatic in-
ducible nitric oxide synthase expression and nitrotyrosine accu-
mulation in primary biliary cirrhosis and autoimmune hepatitis. 
Journal of Hepatology 2002;37:723–9.

27.	Sirmatel O, Sert C, Sirmatel F, Selek S, Yokus B. Total antioxi-
dant capacity, total oxidant status and oxidative stress index in 
the men exposed to 1.5 T static magnetic field. General Physi-
ology and Biophysics 2007;26(2):86-90.

28.	Baser H, Can U, Baser S, Hidayetoglu BT, Aslan U, Buyuktorun 
I, et al. Serum total oxidant/anti-oxidant status, ischemia-modi-
fied albumin and oxidized-low density lipoprotein levels in pa-
tients with vitamin D deficiency. Archives of Endocrinology and 
Metabolism 2015;59(4):318-24.

29.	Czaja AJ. Nature and Implications of Oxidative and Nitrosati-
ve Stresses in Autoimmune Hepatitis. Digestive Diseases and 
Sciences 2016;61(10):2784-803. 

30.	Selek S, Cosar N, Kocyigit A, Erel O, Aksoy N, Gencer M, et 
al. PON1 activity and total oxidant status in patients with active 
pulmonary tuberculosis. Clinical Biochemistry 2008;41(3):140-
4. 

31.	Aydemir C, Dilli D, Uras N, Ulu HO, Oguz SS, Erdeve O, et al. 
Total oxidant status and oxidative stress are increased in in-
fants with necrotizing enterocolitis. Journal of Pediatric Surgery 
2011; 46(11):2096-100. 

32.	H Karsen, I Binici, M Sunnetcioglu, AI Baran, MR Ceylan, Selek 
S, et al. Association of paraoxonase activity and atherosclero-
sis in patients with chronic hepatitis B. African Health Sciences 
2012;12(2):114–8.

33.	Pirgon Ö, Bilgin H, Çekmez F, Kurku H, Dündar BN. Associa-
tion between insulin resistance and oxidative stress parame-
ters in obese adolescents with non-alcoholic fatty liver dise-
ase. Journal of Clinical Research in Pediatric Endocrinology 
2013;5(1):33-9.

34.	Demiroren K, Dogan Y, Kocamaz H, Ozercan IH, Ilhan S, Us-
tundag B, et al. Protective effects of L-carnitine, N-acetylcys-
teine and genistein in an experimental model of liver fibrosis. 
Clinics and Research in Hepatology and Gastroenterology 
2014;38(1):63-72. 

35.	Bilgili S, Bozkaya G, Tütüncüler FK, Akşit M, Yavuz M. Inves-
tigation of ischemia modified albumin levels in iron deficiency 
anemia. Turkish Journal of Biochemistry 2017; 42(3):259-64.

36.	Kaefer M, Piva SJ, De Carvalho JA, Da Silva DB, Becker AM, 
Coelho AC, et al. Association between ischemia modified albu-
min, inflammation and hyperglycemia in type 2 diabetes melli-
tus. Clinical Biochemistry 2010;43:450–4.

37.	Sinha MK, Roy D, Gaze DC, Collinson PO, Kaski JC. Role of 
‘‘ischemia modified albumin’’, a new biochemical marker of 
myocardial ischemia, in the early diagnosis of acute coronary 
syndromes. Emergency Medicine Journal 2004;21:29–34.

38.	Duarte MM, Rocha JB, Moresco RN, Duarte T, Da Cruz IB, 
Loro VL, et al. Association between ischemia-modified albumin, 
lipids and inflammation biomarkers in patients with hypercho-
lesterolemia. Clinical Biochemistry 2009;42:666–71.

39.	Cichota LC, Moresco RN, Duarte MM, da Silva JE. Evaluati-
on of ischemia-modified albumin in anemia associated to ch-
ronic kidney disease. Journal of Clinical Laboratory Analysis 
2008;22:1–5.

40.	Cakir M, Karahan SC, Mentese A, Sag E, Cobanoglu U,  Polat 
TB, et al. Ischemia-Modified Albumin Levels in Children with 
Chronic Liver Disease. Gut Liver 2012;6(1):92–7.

41.	Kumar PA, Subramanian K. The Role of Ischemia Modified Al-
bumin as a Biomarker in Patients with Chronic Liver Disease. 
Journal of Clinical and Diagnostic Research 2016; 10(3):BC09–
BC12.

42.	Horoz M, Bolukbas C, Bolukbas FF, Sabuncu T, Aslan M, Sa-
rifakiogullari S , et al. Measurement of the total antioxidant 
response using a novel automated method in subjects with no-
nalcoholic steatohepatitis. BMC Gastroenterology 2005;5:35.

43.	Şen V, Uluca Ü, Ece A, Kaplan İ, Bozkurt F, Aktar F, et al. Se-
rum prolidase activity and oxidant–antioxidant status in children 
with chronic hepatitis B virus infection. Italian Journal of Pedi-
atrics 2014;40:95.

44.	Selek S, Herken H, Bulut M, Ceylan MF, Celik H, Savas HA, 
et al. Oxidative imbalance in obsessive compulsive disorder 
patients: a total evaluation of oxidant-antioxidant status. Prog-
ress in Neuro-Psychopharmacology & Biological Psychiatry 
2008;32(2):487-91. 

134

t



135t

45.	Verit FF, Erel O, Kocyigit A. Association of increased total anti-
oxidant capacity and anovulation in nonobese infertile patients 
with clomiphene citrate-resistant polycystic ovary syndrome. 
Fertility and Sterility 2007;88(2):418-24. 

46.	Smyk DS, Orfanidou T, Invernizzi P, Bogdanos DP, Lenzi M. 
Vitamin D in autoimmune liver disease. Clinics and Research in 
Hepatology and Gastroenterology 2013;37(5):535-45.

47.	Efe C, Kav T, Aydin C, Cengiz M, Imga NN, Purnak T, et al. 
Low serum vitamin D levels are associated with severe his-
tological features and poor response to therapy in patients 
with autoimmune hepatitis. Digestive Diseases and Sciences 
2014;59(12):3035-42.

48.	Sharifi N, Amani R, Hajiani E, Cheraghian B. Does vitamin D 
improve liver enzymes, oxidative stress, and inflammatory bio-
markers in adults with non-alcoholic fatty liver disease? A ran-
domized clinical trial. Endocrine 2014;47(1):70-80. 

Süleyman Demirel Üniversitesi Tıp Fakültesi Dergisi


