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1. Introduction
Hepatitis B virus (HBV) infection is an important health 
problem. The seroprevalence of hepatitis B surface antigen 
(HBsAg) was previously reported to be 3.61% globally (1). 
Approximately 600,000 people are estimated to die each 
year due to HBV-related diseases and their complications. 
Liver cirrhosis and hepatocellular carcinoma are the most 
important HBV-related complications (2). Assessment 
of the degree of necroinflammation and fibrosis in the 
liver is crucial for treatment decisions and follow-up of 
patients with HBV-related liver diseases. Hepatic fibrosis 
was formerly considered as an irreversible course, but 
data from recent studies suggest that fibrosis is a dynamic 
process and it may regress if the underlying insult is treated 
(3). As a consequence, the need for elucidating the changes 
in fibrosis during disease course in patients with chronic 
HBV infection has emerged, and this yielded studies 
focused on noninvasive methods to evaluate liver fibrosis 

(4,5). Unfortunately, there is no optimal noninvasive 
marker to determine liver inflammation and fibrosis 
today, and liver biopsy still remains the gold-standard 
method (6). Although liver biopsy is generally considered 
to be safe, it is an invasive intervention and it may cause 
several life threatening complications like bleeding, pain, 
infection, and even death. 

Albumin is the most important protein synthesized by 
the liver, and it is the most secreted protein in extracellular 
fluids, which constitutes 70% of plasma colloidal osmotic 
pressure. For this reason, albumin has a key role in fluid 
balance and distribution in the body (7). Moreover, 
albumin binds to many molecules (metals, drugs, fatty 
acids, etc.) in the circulation by various functional 
regions in its structure, taking roles in transportation, 
detoxification, and elimination of them from the body. The 
amino-terminal end of albumin has the capacity to bind 
metals like cobalt and nickel. Ischemia, hypoxia, increased 
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free radicals, and acidosis associated with various diseases 
result in changes in the molecular structure of albumin, 
decreasing this metal ion-binding capacity. This new 
isoform of albumin is called ischemic modified albumin 
(IMA), and its serum levels can be measured (8–10). 
Serum IMA levels and IMA/albumin ratio (IMAR) were 
shown to increase in several diseases such as myocardial 
ischemia, acute stroke, muscle ischemia, and bowel 
ischemia (11–14). There are also studies in the literature 
reporting increased serum IMA concentrations and IMAR 
in chronic liver diseases of various etiologies (15–18).

In this study, we aimed to investigate serum IMA 
concentration and IMAR in cirrhotic and noncirrhotic 
chronic hepatitis B patients. Associations of IMA and 
IMAR with liver biopsy findings were also evaluated in 
order to determine the usability of IMA and IMAR as 
noninvasive markers of fibrosis levels in HBV-related liver 
diseases. 

2. Materials and methods
Seventy-four chronic hepatitis B patients, 25 patients 
with HBV-related liver cirrhosis, and 49 healthy controls 
were enrolled in the study. Ethical approval of the study 
protocol was obtained from the local ethics committee 
of Necmettin Erbakan University, Meram Faculty of 
Medicine, and written informed consent was obtained from 
all participants. The chronic hepatitis B group consisted 
of treatment-naive patients who were HBsAg-positive 
for at least 6 months with active viral replication (HBV 
DNA: >2000 IU/mL). Liver biopsy was performed for all 
patients in the chronic hepatitis B group and the degree of 
inflammation and/or fibrosis was graded using the Ishak 
scoring system. On the other hand, liver biopsy was not a 
must in the HBV-related cirrhosis group. HBsAg-positive 
patients for whom cirrhosis was diagnosed with clinical, 
laboratory, and radiological findings and patients with 
Ishak stage 5/6 fibrosis in liver biopsies were included in this 
group. Forty-nine age- and sex-matched healthy subjects 
were included in the control group. Complete blood count, 
serum aspartate and alanine aminotransferases, HBsAg, 
anti-HBc IgG, and anti-HCV values were obtained for 
each person in the control group to exclude any possible 
liver disease. All of the participants were informed prior to 
the study and provided signed informed consent. Patients 
with known chronic diseases (malignancies, diabetes 
mellitus, coronary artery disease, etc.), patients with 
chronic liver diseases of any other etiology, and patients 
with considerable alcohol consumption (>20 g/day for 
males and >10 g/day for females) were not included in 
the study. Patients with a history of albumin transfusion 
within 30 days were also excluded from the study as it 
might affect the IMAR. 

Blood samples from patients were obtained early 
in the morning after overnight fasting. Biochemical 

analyses of fasting blood glucose, bilirubin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase (ALP), gamma-glutamyl transferase 
(GGT), and albumin were performed in our hospital’s 
laboratory with automated analyzers. Blood samples for 
IMA were centrifuged for 5 min at 4 °C and 4000 rpm 
and serum samples were immediately transferred to a 
freezer to be stored at –80 °C until spectrophotometric 
measurements were done. 

IMA measurements were done by albumin cobalt 
binding (ACB) test. In this test, cobalt (Co) is added to the 
serum sample to measure the binding capacity of albumin. 
Free cobalt is stained with a protein named dithiothreitol 
(DTT) and spectrophotometric measurements are done. 
DTT cannot react with the albumin that binds to Co. As 
a consequence, the free Co amount also reflects the IMA 
level (19). Serum IMA measurements were performed as 
follows: 50 µL of 1 g/L cobalt chloride solution was added 
to 200 µL of patient serum and kept at room temperature 
for 10 min after a gentle shake. Then 50 µL of 1.5 g/L 
DTT solution was added and mixed. After 2 min, 1 mL 
of 9.0 g/L NaCl solution was added. Absorbances of test 
mixtures were measured at 470 nm by a spectrophotometer 
and calorimetric method. Results were obtained in 
approximately 30 min and reported as absorbance units 
(ABSU). IMAR was calculated using the following formula: 
IMAR = IMA/serum albumin concentration (g/dL).

Chronic hepatitis B patients were further classified into 
mild (group 1), moderate (group 2), and advanced fibrosis 
(group 3) groups on the basis of liver histological findings; 
patients with Ishak stage 1–2 fibrosis were included in 
group 1 and patients with Ishak stage 3–4 fibrosis were 
included in group 2. Patients with Ishak stage 5–6 fibrosis 
and also patients for whom cirrhosis was diagnosed 
with clinical, laboratory, and radiological findings were 
included in group 3.

SPSS 16.0 was used for statistical analyses. Continuous 
variables were presented as mean ± standard deviation. 
Significance of the difference in more than two groups 
was tested using one-way ANOVA tests for normally 
distributed parameters and by Kruskal–Wallis test for 
nonnormally distributed parameters. For comparisons 
between two groups, the independent samples t-test and 
the Mann–Whitney U test were used for normally and 
nonnormally distributed parameters, respectively. Pearson 
and Spearman rho tests were used for correlations between 
numerical variables. P < 0.05 was considered as significant. 

3. Results
The study group consisted of 56 (56.6%) male and 43 
(43.4%) female subjects with a mean age of 47.9 ± 13.0 
years (range: 16–73 years) and the control group included 
49 patients with a mean age of 43.9 ± 9.8 years (range: 21–
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70 years), of whom 26 (53.1%) were males and 23 (46.9%) 
were females. There were no significant differences 
between the study and the control groups regarding age 
and sex (P = 0.186 and P = 0.519, respectively).

Mean serum IMA concentrations in the chronic 
hepatitis B group and healthy controls were 0.33 ± 0.11 
ABSU and 0.27 ± 0.70 ABSU, respectively, and the 
difference between the groups was statistically significant 
(P < 0.001). Patients in the chronic hepatitis B group were 
subclassified in three groups according to the degree of 
fibrosis in liver biopsy specimens as previously described 
to search for any possible association between mean serum 
IMA concentration and the degree of liver fibrosis. Mean 
IMA concentrations in group 1 (mild fibrosis), group 2 
(moderate fibrosis), and group 3 (advanced fibrosis) were 
0.29 ± 0.12 ABSU, 0.34 ± 0.10 ABSU, and 0.39 ± 0.13 ABSU, 
respectively, and the difference between the groups was 
statistically significant (P < 0.001) (Figure 1). Intergroup 
comparisons revealed that the differences between the 
control group and group 2 (P = 0.002), control group and 
group 3 (P < 0.001), and group 1 and group 3 (P = 0.044) 
were statistically significant.

Mean IMAR values in the chronic hepatitis B group 
and healthy controls were 0.08 ± 0.04 and 0.06 ± 0.17, 
respectively, and the difference between the groups was 
statistically significant (P = 0.017). Mean IMAR in the 
mild (group 1), moderate (group 2), and advanced fibrosis 
(group 3) groups was 0.06 ± 0.03, 0.08 ± 0.03, and 0.13 ± 
0.06, respectively, and the difference between the groups 

was also statistically significant (P < 0.001) (Figure 2). 
Intergroup comparisons revealed that the differences 
between the control group and group 2 (P = 0.004), 
control group and group 3 (P < 0.001), group 1 and group 
2 (P = 0.043), and group 1 and group 3 (P < 0.001) were 
statistically significant.

Demographic characteristics and laboratory data in 
groups 1, 2, and 3 and the control group are summarized 
in the Table.

Receiver operating characteristic (ROC) curves were 
obtained in the chronic hepatitis B group for both IMA 
and IMAR to differentiate patients with advanced fibrosis 
from patients with mild and moderate fibrosis. The 
computed area under the curve (AUC) was 0.692 (95% 
CI: 0.578–0.806) for IMA and the specified cut-off value of 
0.35 revealed 60.6% sensitivity and 72.4% specificity. On 
the other hand, ROC analyses for IMAR revealed that the 
computed AUC was 0.797 (95% CI: 0.693–0.902), and for 
the specified cut-off value of 0.082 the calculated sensitivity 
and specificity were 60.6% and 86.0%, respectively. ROC 
curves for IMA and IMAR are summarized in Figure 3.

4. Discussion
Serum albumin is the most abundant protein in systemic 
circulation, and it has antioxidant and immune modulatory 
functions in addition to its primary oncotic function 
(20). Several studies have shown that posttranscriptional 
structural and subsequent functional alterations might 
occur in the structure of albumin due to several factors 

Figure 1. Serum IMA concentrations in mild, moderate, and advanced fibrosis groups 
and the control group.
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Table. Demographic characteristics and laboratory data of the study groups.

Group 1 (n = 48)
(mild fibrosis)

Group 2 (n = 28)
(moderate fibrosis)

Group 3 (n = 31)
(advanced fibrosis) Control (n = 49) P

Age (years) 47.44 ± 12.75 51.96 ± 11.89 52.35 ± 8.84 46.63 ± 10.16 0.051

IMA (ABSU) 0.29 ± 0.12 a, d 0.34 ± 0.10 a, b   0.39 ± 0.13 b   0.27 ± 0.07 c, d <0.001

IMAR 0.06 ± 0.01 a 0.08 ± 0.03 b 0.13 ± 0.06 c 0.06 ± 0.02 a, d <0.001

Glucose (mg/dL) 107.77 ± 44.26 102.18 ± 30.23 100.60 ± 16.12 92.65 ± 18.78 0.246

Creatinine (mg/dL) 0.77 ± 0.14 a 0.73 ± 0.12 0.76 ± 0.24 0.74 ± 0.12 0.777

AST (U/L) 31.81 ± 25.01 a 41.70 ± 33.59 a, b 48.69 ± 37.54 b 19.82 ± 4.50 c 0.003

ALT (U/L) 47.48 ± 60.07 a 52.96 ± 54.95 a, b 36.17 ± 19.65 b 22.22 ± 15.33 c 0.022

GGT (U/L) 27.42 ± 21.75 a 40.65 ± 3.66 a 83.46 ± 85.37 b 19.50 ± 5.89 a <0.001

ALP (U/L) 84.89 ± 25.49 a 84.18 ± 35.00 a 112.38 ± 39.30 b 83.00 ± 23.51 a 0.004

Total bilirubin (mg/dL) 0.91 ± 0.62 a 0.92 ± 0.33 a 2.22 ± 2.01 b 0.44 ± 0.20 c <0.001

Direct bilirubin (mg/dL) 0.27 ± 0.16 a, c 0.33 ± 0.11 a 0.87 ± 0.91 b 0.17 ± 0.08 c <0.001

Albumin (g/dL) 4.38 ± 0.33 a 4.12 ± 0.38 b 3.40 ± 0.66 c 4.38 ± 0.35 a <0.001

Leukocyte (mm3) 7.10 ± 2.05 a 7.25 ± 1.97 a 5.04 ± 2.02 b 7.48 ± 1.60 a <0.001

Hemoglobin (g/dL) 14.35 ± 1.88 a 14.38 ± 1.95 a 12.60 ± 2.57 b 14.14 ± 1.53 a 0.001

Thrombocyte (mm3) 254.50 ± 75.30 a, d 226.00 ± 57.98 a 97.87 ± 47.32 b 270.20 ± 52.04 c, d <0.001

IMA: Ischemic modified albumin, IMAR: ischemic modified albumin ratio, AST: aspartate aminotransferase, ALT: alanine 
aminotransferase, GGT: gamma-glutamyltransferase, ALP: alkaline phosphatase. Values in rows followed by different letters are 
significantly different.

Figure 2. IMAR in mild, moderate, and advanced fibrosis groups and the control group. 
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and new isoforms arise (21,22). These changes are minimal 
under physiologic conditions. However, factors like 
ischemia and oxidative stress cause increases in serum 
concentrations of these isoforms. In chronic liver diseases, 
in addition to the decreased synthesis of albumin by the 
liver, concentrations of different albumin isoforms also 
increase due to alteration of the microenvironment within 
the liver or effects of several prooxidants. Some of these 
albumin isoforms were shown to be related to ascites, 
renal dysfunction, and bacterial infections in patients 
with chronic liver diseases (21). On the other hand, it was 
shown that serum concentration of naturally protected 
native albumin was much lower than total serum albumin 
concentration in cirrhotic patients and more importantly 
this undamaged native albumin concentration was found to 
be related to survival in patients with chronic liver diseases 
(15). IMA is the most important isoform of albumin.

The findings of the current study can be summarized as 
follows: serum IMA concentration and IMAR were higher 
in patients with chronic hepatitis B and HBV-associated 
liver cirrhosis when compared to healthy controls; both 
serum IMA concentration and IMAR were higher in 
patients with advanced fibrosis in the chronic hepatitis B 
group; and IMAR predicted liver fibrosis better than serum 
IMA concentration.

It is well known that the synthesis and functions of 
albumin deteriorate in patients with liver failure (22). The 
number of studies evaluating the association of serum 
IMA concentration and IMAR with disease progression in 
patients with chronic liver diseases is limited. In a study 
conducted by Chen et al. (18) it was shown that serum 
IMA concentration and IMAR were correlated with serum 
bilirubin concentration and international normalized 
ratio, both of which are well-known indicators of synthetic 
dysfunction of the liver, in patients with chronic liver 
diseases. They also reported that IMAR was associated 
with Child–Pugh and MELD scores in cirrhotic patients. 
In another study, Cakir et al. (16) reported that serum IMA 
concentration and IMAR were higher in pediatric patients 
with chronic liver diseases of various etiologies than in 
healthy controls. It is also remarkable that both studies 
suggested using IMAR rather than IMA in patients with 
advanced liver diseases. We also agree that using IMAR 
would be more appropriate in patients with advanced liver 
diseases. Parallel to liver parenchymal failure, albumin 
synthesis is decreased and serum albumin concentration 
is low in these patients. As a consequence of low serum 
albumin concentration, the cobalt binding capacity of 
albumin also decreases. In this setting, the measured 
serum IMA concentration would be higher than the actual 

Figure 3. ROC curves for IMA and IMAR to differentiate patients with advanced 
fibrosis from patients with mild and moderate fibrosis.
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serum concentration (15). Therefore, using the IMAR 
would more accurately reflect the actual serum IMA levels 
in patients with advanced-stage liver diseases.

Another important finding of this study was the 
association among IMA, IMAR, and the degree of fibrosis 
in liver biopsy samples in patients with chronic hepatitis 
B. Serum IMA and IMAR levels were significantly higher 
in patients with advanced-stage fibrosis than the ones with 
lower grades of fibrosis. Although the studies mentioned 
above also suggested the association of IMA and IMAR 
with disease progression in patients with chronic liver 
diseases of various etiologies, to our knowledge, there is no 
other study in the literature showing the association among 
serum IMA concentration, IMAR, and the degree of liver 
fibrosis in liver biopsy samples in patients with chronic 
hepatitis B. The results of this study also showed that 
IMAR was more valuable than serum IMA concentration 
to discriminate patients with mild and advanced fibrosis 
and cirrhosis.

We think that one of the strong points of this study 
is that it includes patients with various stages of liver 
diseases of a common etiology. The etiological agent in 

both the chronic hepatitis group and the cirrhosis patients 
was chronic hepatitis B infection. On the other hand, the 
major weakness of this study is that it is a cross-sectional 
study and therefore it lacks serial measurements of IMA 
in patient groups. Therefore, we suggest that further 
prospective studies with adequate numbers of patients that 
evaluate IMA measurements at different time points in 
the course of chronic HBV infection would more clearly 
demonstrate the association of serum IMA levels and 
IMAR with disease progression and prognosis. 

In conclusion, during the course of chronic liver diseases 
several factors result in posttranscriptional structural 
changes in albumin, and isoforms with unique biological 
characteristics are produced. IMA is one of these isoforms. 
Serum IMA concentration and IMAR increase in HBV-
associated chronic liver diseases and correlate with the 
degree of liver fibrosis. For this reason, we think that IMA 
and IMAR may have the potential to be used as noninvasive 
indicators of fibrosis. Nevertheless, further studies are 
needed to better elucidate the roles and associations of IMA 
and other isoforms with different clinical and laboratory 
parameters during the course of chronic liver diseases.

References

1. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. 
Estimations of worldwide prevalence of chronic hepatitis B 
virus infection: a systematic review of data published between 
1965 and 2013. Lancet 2015; 386: 1546-1555. 

2. Raffetti E, Fattovich G, Donato F. Incidence of hepatocellular 
carcinoma in untreated subjects with chronic hepatitis B: a 
systematic review and meta-analysis. Liver Int 2016; 36: 1239-
1251. 

3. Bonis PA, Friedman SL, Kaplan MM. Is liver fibrosis reversible? 
N Engl J Med 2001; 344: 452-454.

4. Roberts S, Gordon A, McLean C, Pedersen J, Bowden S, 
Thomson K, Angus P. Effect of sustained viral response 
on hepatic venous pressure gradient in hepatitis C-related 
cirrhosis. Clin Gastroenterol Hepatol 2007; 5: 932-937.

5. Asil M, Dertli R. Serum soluble TWEAK levels are decreased 
in treatment naive noncirrhotic chronic hepatitis B patients. 
Medicine (Baltimore). 2016; 95: e4763.

6. Grant A, Neuberger J. Guidelines on the use of liver biopsy in 
clinical practice. British Society of Gastroenterology. Gut 1999; 
45 (Suppl. 4): IV1-IV11.

7. Bernardi M, Ricci CS, Zaccherini G. Role of human albumin in 
the management of complications of liver cirrhosis. J Clin Exp 
Hepatol 2014; 4: 302-311.

8. Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt-albumin 
binding and its potential as a marker for myocardial ischemia-a 
preliminary report. J Emerg Med 2000; 19: 311-315.

9. Roy D, Quiles J, Gaze DC, Collinson P, Kaski JC, Baxter GF. 
Role of reactive oxygen species on the formation of the novel 
diagnostic marker ischaemia modified albumin. Heart 2006; 
92: 113-114.

10. Collinson PO, Gaze DC. Ischaemia-modified albumin: clinical 
utility and pitfalls in measurement. J Clin Pathol 2008; 61: 
1025-1028.

11. Lippi G, Montagnana M, Guidi GC. Albumin cobalt binding 
and ischemia modified albumin generation: an endogenous 
response to ischemia? Int J Cardiol 2006; 108: 410-411.

12. Sbarouni E, Georgiadou P, Voudris V. Ischemia modified 
albumin changes - review and clinical implications. Clin Chem 
Lab Med 2011; 49: 177-184.

13. Abboud H, Labreuche J, Meseguer E, Lavallee PC, Simon O, 
Olivot JM, Mazighi M, Dehoux M. Ischemia-modified albumin 
in acute stroke. Cerebrovasc Dis 2007; 23: 216-220.

14. Gunduz A, Turedi S, Mentese A, Karahan SC, Hos G, Tatli O, 
Turan I, Ucar U, Russell RM, Topbas M. Ischemia-modified 
albumin in the diagnosis of acute mesenteric ischemia: a 
preliminary study. Am J Emerg Med 2008; 26: 202-205.

15. Jalan R, Schnurr K, Mookerjee RP, Sen S, Cheshire L, 
Hodges S, Muravsky V, Williams R, Matthes G, Davies NA. 
Alterations in the functional capacity of albumin in patients 
with decompensated cirrhosis is associated with increased 
mortality. Hepatology 2009; 50: 555-564.

http://dx.doi.org/10.1016/S0140-6736(15)61412-X
http://dx.doi.org/10.1016/S0140-6736(15)61412-X
http://dx.doi.org/10.1016/S0140-6736(15)61412-X
http://dx.doi.org/10.1016/S0140-6736(15)61412-X
http://dx.doi.org/10.1111/liv.13142
http://dx.doi.org/10.1111/liv.13142
http://dx.doi.org/10.1111/liv.13142
http://dx.doi.org/10.1111/liv.13142
http://dx.doi.org/10.1056/NEJM200102083440610
http://dx.doi.org/10.1056/NEJM200102083440610
http://dx.doi.org/10.1016/j.cgh.2007.02.022
http://dx.doi.org/10.1016/j.cgh.2007.02.022
http://dx.doi.org/10.1016/j.cgh.2007.02.022
http://dx.doi.org/10.1016/j.cgh.2007.02.022
http://dx.doi.org/10.1097/MD.0000000000004763
http://dx.doi.org/10.1097/MD.0000000000004763
http://dx.doi.org/10.1097/MD.0000000000004763
http://dx.doi.org/10.1016/j.jceh.2014.08.007
http://dx.doi.org/10.1016/j.jceh.2014.08.007
http://dx.doi.org/10.1016/j.jceh.2014.08.007
http://dx.doi.org/10.1016/S0736-4679(00)00255-9
http://dx.doi.org/10.1016/S0736-4679(00)00255-9
http://dx.doi.org/10.1016/S0736-4679(00)00255-9
http://dx.doi.org/10.1136/hrt.2004.049643
http://dx.doi.org/10.1136/hrt.2004.049643
http://dx.doi.org/10.1136/hrt.2004.049643
http://dx.doi.org/10.1136/hrt.2004.049643
http://dx.doi.org/10.1136/jcp.2007.053363
http://dx.doi.org/10.1136/jcp.2007.053363
http://dx.doi.org/10.1136/jcp.2007.053363
http://dx.doi.org/10.1016/j.ijcard.2005.03.040
http://dx.doi.org/10.1016/j.ijcard.2005.03.040
http://dx.doi.org/10.1016/j.ijcard.2005.03.040
http://dx.doi.org/10.1159/000097644
http://dx.doi.org/10.1159/000097644
http://dx.doi.org/10.1159/000097644
http://dx.doi.org/10.1016/j.ajem.2007.04.030
http://dx.doi.org/10.1016/j.ajem.2007.04.030
http://dx.doi.org/10.1016/j.ajem.2007.04.030
http://dx.doi.org/10.1016/j.ajem.2007.04.030
http://dx.doi.org/10.1002/hep.22913
http://dx.doi.org/10.1002/hep.22913
http://dx.doi.org/10.1002/hep.22913
http://dx.doi.org/10.1002/hep.22913
http://dx.doi.org/10.1002/hep.22913


953

YAVUZ et al. / Turk J Med Sci

16. Cakir M, Karahan SC, Mentese A, Sag E, Cobanoglu U, Polat 
TB, Erduran E. Ischemia-modified albumin levels in children 
with chronic liver disease. Gut Liver 2012; 6: 92-97.

17. Zuwala-Jagiello J, Warwas M, Pazgan-Simon M. Ischemia-
modified albumin (IMA) is increased in patients with chronic 
hepatitis C infection and related to markers of oxidative stress 
and inflammation. Acta Biochim Pol 2012; 59: 661-667.

18. Chen CY, Tsai WL, Lin PJ, Shiesh SC. The value of serum 
ischemia-modified albumin for assessing liver function in 
patients with chronic liver disease. Clin Chem Lab Med 2011; 
49: 1817-1821.

19. Bhagavan NV, Lai EM, Rios PA, Yang J, Ortega-Lopez AM, 
Shinoda H, Honda SA, Rios CN, Sugiyama CE, Ha CE. 
Evaluation of human serum albumin cobalt binding assay 
for the assessment of myocardial ischemia and myocardial 
infarction. Clin Chem 2003; 49: 581-585.

20. Spinella R, Sawhney R, Jalan R. Albumin in chronic liver 
disease: structure, functions and therapeutic implications. 
Hepatol Int 2016; 10: 124-132.

21. Domenicali M, Baldassarre M, Giannone FA, Naldi M, 
Mastroroberto M, Biselli M, Laggetta M, Patrono D, Bertucci 
C, Bernardi M. Posttranscriptional changes of serum albumin: 
clinical and prognostic significance in hospitalized patients 
with cirrhosis. Hepatology 2014; 60: 1851-1860

22. Oettl K, Stadlbauer V, Petter F, Greilberger J, Putz-Bankuti 
C, Hallström S, Lackner C, Stauber RE. Oxidative damage of 
albumin in advanced liver disease. Biochim Biophys Acta 2008; 
1782: 469-473.

View publication statsView publication stats

http://dx.doi.org/10.5009/gnl.2012.6.1.92
http://dx.doi.org/10.5009/gnl.2012.6.1.92
http://dx.doi.org/10.5009/gnl.2012.6.1.92
http://dx.doi.org/10.1373/49.4.581
http://dx.doi.org/10.1373/49.4.581
http://dx.doi.org/10.1373/49.4.581
http://dx.doi.org/10.1373/49.4.581
http://dx.doi.org/10.1373/49.4.581
http://dx.doi.org/10.1007/s12072-015-9665-6
http://dx.doi.org/10.1007/s12072-015-9665-6
http://dx.doi.org/10.1007/s12072-015-9665-6
http://dx.doi.org/10.1002/hep.27322
http://dx.doi.org/10.1002/hep.27322
http://dx.doi.org/10.1002/hep.27322
http://dx.doi.org/10.1002/hep.27322
http://dx.doi.org/10.1002/hep.27322
http://dx.doi.org/10.1016/j.bbadis.2008.04.002
http://dx.doi.org/10.1016/j.bbadis.2008.04.002
http://dx.doi.org/10.1016/j.bbadis.2008.04.002
http://dx.doi.org/10.1016/j.bbadis.2008.04.002
https://www.researchgate.net/publication/317660069

