SABP

BIOCHIMICA
POLONICA

Vol. 59, No 4/2012
661-667

on-line at: www.actabp.pl

Regular paper

Ischemia-modified albumin (IMA) is increased in patients with
chronic hepatitis C infection and related to markers of oxidative
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Inflammation and oxidative stress have been reported
in patients with chronic hepatitis C (CHC) infection, but
their influence on ischemia-modified albumin (IMA) lev-
els and diabetes prevalence remains unknown. Sixty-
three CHC patients, 28 with diabetes, and 40 healthy
controls were enrolled in the study. Circulating levels
of oxidative stress markers [Ne-(carboxymethyl)lysine-
advanced glycation end products (CML-AGEs) and ad-
vanced oxidation protein products-(AOPPs)], pro-in-
flammatory cytokines (interleukin-6, and tumor necrosis
factor a), and high-sensitivity C-reactive protein (hsCRP)
were assessed. Compared with the controls, the CHC
patients with diabetes showed a significant increase in
plasma concentrations of IMA, AOPPs, interleukin-6 and
hsCRP (P<0.05). The values of IMA and hsCRP were more
elevated in patients with diabetes than without diabe-
tes (both P<0.01). The positive relationships were found
between hsCRP and presence of diabetes, IMA (both
P<0.01) and AOPP levels (P<0.05). CML-AGEs did not
show any significant correlation with IMA, markers of in-
flammation and presence of diabetes. In conclusion, we
have documented significant elevation in plasma levels
of IMA and AOPPs in CHC patients. In addition, circulat-
ing IMA was associated with inflammation markers and
diabetes prevalence. This observation suggests a rela-
tionship between IMA and inflammation in CHC patients
with diabetes, which may represent one of the mecha-
nisms involved in the accelerated atherosclerosis in this
population.
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INTRODUCTION

It is now widely recognized that chronic hepatitis C
is a metabolic disease, strongly associated with type 2
diabetes mellitus. Type 2 diabetes has been observed to
occur more frequently in association with HCV infection
than with other chronic inflammatory liver diseases. Dia-
betes in patients with chronic hepatitis C (CHC) infec-
tion has a unique and complex pathogenesis which dis-
tinguishes this metabolic disorder from type 2 diabetes
mellitus (Douglas & George, 2009). It has been observed
that type 2 diabetes mellitus occurs in the eatly stages of
liver disease (Petit e¢f al, 2001). The mechanism through
which chronic hepatitis C infection is associated with in-
sulin resistance may involve direct viral effects, pro-in-

flammatory cytokines and suppressors of cytokine signal-
ing (Douglas & George, 2009).

Type 2 diabetes is associated with atherosclerosis and
an increased risk of cardiovascular disease. The mecha-
nism by which diabetes promotes atherosclerosis is
complex and involves chronic inflammatory condition,
oxidative stress, hypoxia and ischemia (Pu ez al., 2000).
Among the inflammatory biomarkers, the C-reactive
protein (CRP) and cytokines such as tumor necrosis fac-
tor o (INF-o) and intetleukin-6 (IL-6), seem to be the
most significant for cardiovascular risk detection, which
relies on evidence suggesting atherosclerosis as a chronic
inflammatory process (Corrado e al, 2010). Oxidative
stress may also contribute to the inflammatory state in
atherosclerosis. A growing number of studies suggest
that reactive oxygen species, produced during ischemia,
can generate the highly reactive hydroxyl radical, result-
ing in site-specific modification to the N-terminus of
the albumin moiety, especially at the N-Asp-Ala-His-Lys
sequence, thereby producing ischemia-modified albu-
min (IMA) (reviewed in Sbarouni ef al, 2008). IMA was
shown to be a better myocardial infarction marker than
the C-reactive protein (Mastella ez a/, 2009). However,
IMA may increase in conditions of non-cardiac ischemia,
such as liver cirrhosis and metabolic syndrome (Valle
Gottlieb ¢# al., 2010; Chen ef al., 2011). In addition, there
is some recent suggestion that the albumin molecule in
the plasma of diabetic patients is modified in chronic
hypoxia conditions induced mainly by hyperglycemia and
oxidative stress (Piwowar ef al., 2008). To our knowledge
no paper has been published to date on the plasma lev-
els of the ischemia-modified albumin in the population
of CHC patients with diabetes.

The aim of the present study was to investigate the
circulating IMA levels in CHC patients with and without
diabetes and their probable association with oxidative
stress and inflammation markers.

PATIENTS AND METHODS

Patients and study design. This study was per-
formed in 63 patients with chronic hepatitis C (CHC)
infection admitted to the Clinic of Infectious Diseases,
Liver Diseases and Acquired Immune Deficiency for
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evaluation. The control group consisted of healthy blood
donors with normal aminotransferases, normal blood
counts and negative markers for viral hepatitis and HIV
(11 males/29 females, mean age 469 years). No sta-
tistically significant difference was indicated between the
CHC patients and healthy controls in the male/female
ratio. There was a significant difference in age (P<0.05),
but IMA level is not age-related (Sbarouni ez al., 2008).
Clinical and biochemical characteristics of the study
group are reported in detail in Table 1. In all subjects,
age, body mass index, systolic blood pressure, diastolic
blood pressure were obtained together with measure-
ments of albumin, various liver enzymes (alanine ami-
notransferase-ALT; aspartate aminotransferase-AST and
gamma-glutamyltranspeptidase), fasting plasma glucose,
total cholesterol, high density lipoprotein-cholesterol, low
density lipoprotein-cholesterol and triglyceride concentra-
tions (Table 1). The levels of ALT and AST were sig-
nificantly lower and the age was significantly higher in
healthy controls as compared with CHC patients. There
was no significant difference between patients with CHC
and control subjects with respect to gender, systolic
blood pressure, diastolic blood pressure, body mass in-
dex, serum albumin, serum total protein and lipid pro-
file (Table 1). The exclusion criteria were as follows. 1)
Liver cirrhosis. 2) Conditions other than diabetes and
HCV infection that could influence serum glucose lev-
els: irregular menstrual cycles in premenopausal women
(both CHC and control groups); treatment with steroid

or nonsteroidal anti-inflammatory drugs; alcohol con-
sumption >40 g/day; concomitant infection; chronic
diseases other than diabetes. 3) Type 1 diabetes (histo-
ry of diabetic ketoacidosis or age <30 years with insu-
lin requirement) and secondary diabetes due to chronic
pancreatitis or pancreatic tumor. Other exclusion criteria
were conditions that could influence either plasma IMA
or oxidative marker levels, including microvascular dia-
betic complications, smoking and the use of antioxidant
or multivitamin supplements.

Liver cirrhosis was ruled out by liver biopsy pet-
formed within 18 months before inclusion (compensated
patients) or by typical clinical features such as signs of
portal hypertension (splenomegaly, ascites, and esopha-
geal varices), hematologic evidence of hypersplenism, or
biochemical evidence of hepatocellular failure.

The diagnosis of chronic hepatitis C infection was
based on persistently increased alanine aminotransferase
values, anti-HCV and HCV-RNA positivity and liver his-
tology features. The HCV inflammation was confirmed
by measurement of HCV Ab and HCV RNA in the se-
rum, using the enzyme immunoassay (EIA) and RT PCR
— Cobas Amplicor Roche methods, respectively. For the
anti-HCV positive patients with normal aminotransfer-
ase levels and no liver biopsy, we ensured that amino-
transferase levels and liver function tests results were
persistently normal.

Patients were divided in two groups according to their
HCV antibody status and the presence of diabetes: anti—

Table 1. Clinical and biochemical parameters in patients with chronic hepatitis C (CHC) infection and healthy controls.

Healthy controls CHC patients P-value
(n) 40 63
Male:Female Ratio 11:29 33:30 NS
Age (years) 35+9 51+10% <0.05
Systolic blood pressure (mmHg) 131+12 135+19 NS
Diastolic blood pressure (mmHg) 80+7 81+10 NS
Duration of hepatitis C (years) - 6.3+29 -
HCV RNA (copies/mL) - 3.14 x 108 -

(0.015 x 105-6.13 x 10%)

Alanine aminotransferase (IU/L) 23 (20-28) 95 (33-190)** <0.01
Aspartate aminotransferase (IU/L) 28 (23-30) 78 (28-140)** <0.01
Gamma-glutamyltranspeptidase (IU/L) 26 (25-29) 62 (41-106)* <0.05
Body mass index (kg/m2) 24+26 257+25 NS
Diabetes mellitus type 2 (%) _ 44% _
Fasting plasma glucose (mmol/L) 5.0+0.6 6.8+2.3 NS
Total cholesterol (mg/dL) 140+ 55 179143 NS
Low density lipoprotein (mg/dL) 93+31 113+£25 NS
High density lipoprotein cholesterol (mg/dL) 4016 45+10 NS
Triglycerides (mg/dL) 42+10 4611 NS
Albumin (g/dL) 4.8 (3.6-5.7) 4.4 (3.4-4.8) NS
Total protein (g/dL) 7.5 (6.8-8.1) 7.6 (6.8-8.2) NS

Values are expressed as means +S.D. or as medians (interquartile range) for skewed data. Statistical significance: ¥P<0.05; **¥*P<0.01 vs healthy

controls. NS, not significant (P>0.05).
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HCV-positive diabetic patients (n=28) and anti-HCV-
positive non-diabetic patients (n=35). Diabetes was
defined on the basis of a history of therapy with oral
hypoglycemic agents or insulin at the time of inclusion.
Based on the clinical information, all diabetic patients in
this study were assumed to have type 2 diabetes melli-
tus. Patients with diabetes were investigated for diabetic
complications using clinical examination findings and
laboratory test results. No diabetes was defined as ab-
sence of a history of diabetes and fasting plasma glucose
<7 mmol/L. Glycated hemoglobin (HbA,) was used
as a marker for glucose control; values <6.5% indicated
well-controlled glucose and values >6.5% indicated poor
glucose control.

All laboratory measurements were performed on fast-
ing blood samples. After 2 hours of bed rest, blood
pressure was determined with an automatic digital
sphygmomanometer and blood samples were collected
in ice-cooled, ethylenediaminetetraacetic acid (EDTA)-
containing tubes for the determination of plasma IMA,
AOPPs  (advanced oxidation protein products), Ne-
(carboxymethyl)lysine, and fasting glucose or HbA,,
while tubes with no additive were used for routine bio-
chemical study and assessment of cytokine concentra-
tions. All samples were separated immediately by centrif-
ugation at 4°C and stored at —80°C for further analysis.

The consent of the Bioethics Committee of the
Wroclaw Medical University was obtained and all pa-
tients were informed about the character of analyses
made. Studies were conducted in compliance with the
ethical standards formulated in the Helsinki Declaration
of 1975 (revised in 1983).

Biochemical assays. The albumin cobalt binding
test was analyzed according to the method defined by
Bar-Or e al. (2000). In this method 100 uL serum was
added to 25 pL of 0.1% (w/v) cobalt chlotidine water
solution (Sigma; CoCl,X6H,0). It was mixed gently and
waited for 10 minutes for sufficient cobalt-albumin bind-
ing. Then 25 pL dithiothreitol (DTT) (Sigma 1.5 mg/mL
H,0O) was added as a colorizing agent. After waiting for
two minutes 150 pl. 0.9% NaCl was added to stop the
cobalt binding process of albumin. Afterwards, the ab-
sorbance was measured in a spectrophotometer at 492
nm (Micro-plate reader model Stat Fax 2100). A sample
without DTT was used as a blank. The results were re-
ported as absorbance units (ABSU). The intra- and inter-
assay cocfficients of variation were lower than 3.6%.

Determination of AOPPs was based on spectrophoto-
metric detection according to Witko-Sarsat et al. (1990).
Coefficient of variation (CV) served as an indicator of
precision. Intra-day and inter-day CV values were <12%.
Plasma Ne-(carboxymethyl)lysine (CML) levels were de-
termined using a specific competitive ELISA kit [Circu-
Lex CML/Ne-(catboxymethyl)lysine ELISA Kit (CycLex
Co., Ltd, Nagano, Japan)]. Serum levels of TNF-a and
IL-6 were assayed with enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems Inc., Minneapolis,
MN, USA) according to the manufacturer’s instruc-
tions. The minimum detection levels were 1.6 pg/ml and
<0.70 pg/ml for TNF-a and IL-6, respectively. Serum
high-sensitivity C-reactive protein (hsCRP) level was de-
termined by a high-sensitivity nephelometric method us-
ing the Beckman Image Immunochemistry system (Beck-
man Instruments, Fullerton, CA), which has a minimum
detection level of 0.2 mg/L.. HbA,, levels were measured
using ion-exchange high-performance liquid chromatog-
raphy (Bio-Rad Vatiant™ II Turbo HbA, Kit). All oth-
er biochemical parameters were measured with routine
laboratory methods.

Statistical analysis. The adjustment to normality
was verified with the Kolmogorov—Smirnov test with
Lilliefors correction. Skewed data were log transformed
for analysis. All results are expressed as mean +S.D. or
median and interquartile range (25-75th percentile) as
appropriate. The Mann—Whitney U test and the Krus-
kal-Wallis test were used to analyze differences among
two or more groups, respectively. Correlations were de-
termined using multiple regression analysis. A P value
<0.05 was considered the minimum level of statistical
significance.

RESULTS

IMA and oxidative stress markers (AOPPs, CML-AGEs)
plasma concentrations in patients with chronic hepatitis
C infection and healthy controls

We analyzed 63 patients (33 males/30 females, mean
age 51%10 years) with chronic hepatitis C (CHC) in-
fection. The plasma levels of IMA, AOPPs and CML-
AGE:s in the group of patients with CHC and subjects
belonging to the control group are presented in Figure 1.
All examined parameters were also checked for correla-
tions with selected biochemical markers of liver function
(albumin, prothrombin ratio, bilirubin concentration) and
injury (aminotransferases). Plasma levels of IMA were
significantly higher in all CHC patients than in healthy
controls (n=40, 0.284+0.21 ABSU; P<0.05). Plasma
IMA concentrations were higher in CHC patients with
diabetes than in patients without diabetes, and this dif-
ference was statistically significant (0.56%£0.16 ABSU wvs.
0.34+0.14 ABSU; P<0.01) (Fig. 1). However, IMA lev-
els in non-diabetic CHC patients were similar to those in
the healthy controls.

The mean level of CML-AGEs in CHC patients was
2.74 ng/mL and no statistically significant difference was
noted, compared with the control group (P>0.05) (Fig.
1). Circulating CML-AGE levels were not significantly
different between diabetic and non-diabetic CHC pa-
tents (2.84+0.15 ng/mL »s 2.69£0.20 ng/mlL, P>0.05)
(Fig. 1). In contrast, in diabetic CHC patients the mean
plasma concentrations of AOPPs were significantly
higher than those measured in healthy controls or non-
diabetic CHC patients (P<0.05, P<0.01; respectively)
(Fig. 1). No significant difference was found between
CHC patients and healthy controls in terms of total
protein and albumin (Table 1); neither parameter corre-
lated with IMA (data not shown). In the study group,
no significant correlations were observed between CML-
AGEs, AOPPs, IMA and biochemical markers of liver
function and injury (not reported in detail).

Clinical and biochemical characteristics of patients
with chronic hepatitis C infection with respect to the
presence of diabetes

The biochemical and clinical characteristics of all the
investigated groups are shown in Table 2. Distribution
of sex was similar among groups. However, there was a
significant difference in age among the groups; subjects
in the CHC group with and without diabetes were old-
er than subjects in the control group (P<0.05). Fasting
plasma glucose levels were higher in CHC patients with
diabetes than in CHC patients without diabetes, and ami-
notransferase levels were higher in CHC patients with
and without diabetes than in healthy controls (Table 2).
The median hsCRP levels were higher in CHC patients
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with diabetes than in healthy controls (3.84 mg/L »s 1.05
mg/L, respectively; P<0.05).

Significant difference was observed in serum levels of
hsCRP between CHC patients with and without diabetes
(P<0.01). IL-6 plasma concentrations were increased in
the non-diabetic and diabetic CHC group, with higher
concentrations in the latter (Table 2). Serum TNF-a con-
centrations were lower in CHC patients without diabetes
than in diabetic CHC patients but neither group differed
from the healthy controls (Table 2).

Using plasma IMA level of 0.70 ABSU as a cut-off
value, the patients with CHC were divided into two
groups (high or low levels of IMA). Differences in clini-
cal parameters between patients with high (>0.70 ABSU)
and lower (=0.70 ABSU) IMA are outlined in Table 3.
In CHC patients, high IMA levels were related to the
presence of diabetes (P<0.01) and high levels of the
inflammatory markers (P<0.05) but these cortrelations
disappeared after excluding CHC patients with diabetes
(Table 3).

Correlations between IMA, oxidative stress markers,
inflammation, age and diabetes prevalence in patients
with chronic hepatitis C infection

Correlations between IMA, AOPPs, inflammation,
and diabetes prevalence are shown in Table 4. The in-
flammation markers and AOPP levels were associated
with age. The positive relationships were found between
hsCRP and diabetes as well as AOPP (P<0.01, P<0.05;
respectively) and IMA levels (P<0.01). IMA and AOPP
levels were related to diabetes prevalence (P<0.05,
P<0.001; respectively). Fasting plasma glucose correlat-
ed with IMA concentrations and inflammation markers,
and IMA was correlated with IL-6 levels (Table 4). Both
IL-6 and TNF-« are known to induce the production of
CRP from hepatocytes. Since only IL-6 concentrations
were increased in CHC patients both with and without
diabetes, it was expected that only this parameter would
correlate with concentrations of hsCRP (Table 4). This
was indeed the case as shown for TNF-a 25 hsCRP
(P>0.05) and IL-6 »s hsCRP (P<0.001). No significant

correlations  were found be-

3.00

tween TNF-a and other param-

9
=
S]

%

IMA (ABSU). AOFPPs = 102 (unol/L). CML-AGEs (ng/mL)

IMA AOPPs CML-AGEs

eters (Table 4). CML-AGEs did
not show significant correlation
with IMA, AOPPs, inflamma-
tory markers and the presence
of diabetes (data not shown).

O Healthy DISCUSSION

controls

In the present study we in-
vestigated the relationship be-
tween oxidative stress markers
(AOPPs, CML-AGEs) and in-
flammation by comparing in-
flammatory markers (hsCRP,
IL-6, TNF-o) in CHC patients
showing high levels of IMA in
the presence of high circulating
AOPP concentrations. In the
control group, the plasma IMA
levels were similar to those in
healthy controls in other stud-
ies (Valle Gottlieb ez al, 2010).
The main findings were as fol-

AllCHC
patients

m CHC patients
without diabetes

= CHC patients
with diabetes

Healthy
controls

All CHC
patients

CHC patients
without
diabetes

CHC patients
with diabetes

lows: (1) Compared with the
healthy controls, the CHC pa-
tients had higher concentrations
of IMA, which were associ-

(n) 40 63 35

IMA (ABSU)  0.28+0.21 0.48+0.18* 0.34+0.14

AOPPs x 107
(nmol/L)

CML-AGEs
(ng/mlL)

0.82+0.18 1.61+0.45% 1.44+0.52%

2.51+£0.19 2.74+0.14 2.69+0.20

ated with increased markers of
oxidative stress. (2) The plasma
levels of IMA as well as those
of AOPPs were higher in CHC
patients with diabetes. (3) When
the IMA levels were analyzed
individually in CHC patients,
there was a positive associa-
tion between plasma IMA and

28
0.56+0.16%*

1.86+0.66*"

2.84+0.15

Figure 1. IMA, AOPPs and CML-AGEs concentrations in 63 patients with chronic hepatitis
C (CHQ) infection, with regard to the presence of diabetes, and in a control group of 40

healthy blood donors.

P values are given in the table. Data reported as means +S.D. Significance levels between
groups: *P<0.05 vs healthy controls; *P<0.01 vs CHC patients without diabetes. AOPPs, ad-
vanced oxidation protein products; CML-AGEs, Ne-(carboxymethyl)lysine-advanced glycation

end products; IMA, ischemia-modified albumin.

the presence of diabetes, and
between plasma IMA and CRP
and I1.-6 levels.

The amino terminal end (N-
terminus) of the albumin mol-
ecule appears to be the primary
binding site for transitional
metals, such as cobalt, cop-
per and nickel (Bar-Or e al,
2001). When the aspartyl-alanyl-
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Table 2. Clinical and biochemical characteristics of patients with chronic hepatitis C (CHC) infection with regard to the presence of

diabetes.
Healthy controls CHC patients without diabetes CHC patients with diabetes

(n) 40 35 28
Male:Female ratio 18:12 21:14 12:16
Age (years) 35+9 48+12 54+9
Body mass index (kg/m2) 24+26 22+23 23.3+25
Fasting plasma glucose (mmol/L) 5.0+0.6 5.6+0.68 8.3+£1.0%*%+
IMA (ABSU) 0.28+0.21 0.34+0.14 0.56+0.16%*+
Alanine aminotransferase (IU/L) 23 (20-28) 89 (33-150)* 104 (37-190)**
Aspartate aminotransferase (IU/L) 28 (23-30) 76 (28-130)* 82 (31-140)*
Albumin (g/dL) 4.8 (3.6-5.7) 44 (4.2-4.8) 4.2 (3.4-4.8)
Platelet count (x 109/L) 200 (130-220) 214 (154-241) 217 (161-245)
White blood cells count (x 10%/L) 4.7 (3.2-5.0) 4.9 (3.0-7.8) 6.0 (3.3-8.2)
hsCRP (mg/L) 1.05 (0.58-2.5) 1.88 (1.3-4.5) 3.84 (2.05-17.3)*+
IL-6 (pg/mL) 5.8 (5.5-6.7) 7.3 (5.4-9.8)* 9.4 (7.4-12.1)*+
TNF-a (pg/mL) 28.0 (25.5-35.0) 329 (31.0-35.2) 36.9 (31.7-45.6)

Values are expressed as means+S.D. or as medians (interquartile range) for skewed data. Significance levels between groups: *P<0.05; **P<0.01
vs. healthy controls; +P<0.01 vs CHC patients without diabetes. hsCRP, high sensitivity C-reactive protein; IL-6, interleukin-6; IMA, ischemia-modified

albumin; TNF-a, tumor necrosis factor a.

histidyl-lysine sequence in the N-terminus is damaged,
it results in a reduced binding capacity for metals. The
effect is related to albumin circulating through ischemic
capillary beds such as those found in cardiovascular dis-
ease (Bar-Or et al, 2001; Bhagavan ef al, 2003). Thus,
IMA is considered as a cardiovascular disease-related
biomarker that is sensitive to cardiac ischemia (Pantazo-
poulos ¢z al, 2009). Recent studies have shown signifi-
cantly higher IMA levels in metabolic syndrome, hyper-
lipidemia and type 2 diabetes mellitus (Piwowar et al.,
2008; Duarte ez al, 2009; Kaefer et al, 2010, Ma et al.,
2011; 2012). These studies suggest that IMA formation
may occur under chronic oxidative stress conditions and
also at extra cardiac sites. However, we did not find a
relationship between oxidative stress markers and IMA,
because increased accumulation of the glycoxidation
products is highly age-dependent, and it could require a
larger number of patients to detect. Despite the atten-
tion paid to the validity of IMA and AOPPs as biomark-
ers for cardiovascular disease, the actual association be-
tween AOPPs and IMA in chronic hepatitis is unknown.
An increased plasma IMA level as well as AOPP levels
in CHC patients, particulatly in the diabetic CHC group,
were observed in the present study. Although we have
not found any study in the literature that deals with
plasma AOPP level in diabetic CHC patients, increased
plasma AOPPs may reflect increased oxidative stress.
Such supposition is supported by studies suggesting the
importance of reactive oxygen species production in dia-
betes (Evans e al, 2003), which may lead to IMA for-
mation. It is of importance that the presence of diabetes
but not HCV infection was associated with increased cir-
culating concentrations of AOPPs and IMA in patients
with chronic hepatitis C infection. Based on the above
results, it may be hypothesized that high concentrations
of IMA might indicate chronic oxidative stress in chron-

ic hepatitis C infection associated with metabolic com-
plications.

The most interesting observation in the present study
was the presence of direct correlation between diabetes
prevalence and aging-associated inflammation. Further-
more, both the presence of diabetes as well as inflam-
mation were associated with circulating AOPP and IMA
levels. Although AOPPs can merely be markers of an
underlying oxidative stress, it is possible that AOPPs
may be directly involved in the pathogenesis of inflam-
mation/atherosclerosis (Guo ¢t al, 2008). Our findings
extended the results of eatlier studies (Zuwala-Jagiclto
et al., 2009; 2011) which suggested that AOPPs were
more closely related to inflammation than CML-AGE:s,
whose receptor, RAGE (receptor for advanced glyca-
tion end-products), participates in AOPP-mediated signal
transduction (Kalousova ef afl, 2005). Among systemic
inflammatory biomarkers, CRP seems to be the most
significant for cardiovascular risk detection, which re-
lies on evidence suggesting atherosclerosis as an inflam-
matory process (Corrado ef al., 2010). The elevation of
plasma AOPP level resulted in excessive inflammatory
response, as evidenced by increased levels of 1L-6, which
preceded the increase in CRP in the inflammatory cas-
cade (Ceciliani ¢# al., 2002). Even if there was no correla-
tion between AOPPs and I1.-6, we demonstrated weak
association with inflammatory CRP, as detected by the
hsCRP assay. Esposito ef al. (2002) have noted the effect
of hyperglycemia-induced oxidative stress on inflamma-
tion. Furthermore, inflammatory mediators such as I1L.-6
and TNF-a have been detected in significant amounts
not only in patients with type 2 diabetes (Castoldi ez al,
2007), but also in CHC patients (Gattoni ef al., 2000).
The simultaneous increment in IMA and inflammation,
which we observed in CHC patients with diabetes, sug-
gests that their local tissue production is linked. This hy-
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Table 3. Comparison between all CHC patients (with and without diabetes) and non-diabetes CHC patients classified according to low
(<0.70 ABSU) or high (>0.70 ABSU) levels of ischemia-modified albumin (IMA).

CHC patients (n=63)

CHC patients without diabetes (n=35)

IMA<0.70 ABSU

IMA>0.70 ABSU IMA<0.70 ABSU IMA>0.70 ABSU

n (%) 32 (51)

Age (years) 52+10.8
Systolic blood pressure (mmHg) 132118
Diastolic blood pressure (mmHg) 79+9.0
Body mass index (kg/m2) 25+24
Fasting plasma glucose (mmol/L) 5.8+0.7
HbA,, (%) 6.3+0.94
Diabetes n (%) 6(11)
hsCRP (mg/L) 2.0 (1.3-3.1)
IL-6 (pg/mL) 7.0 (5.4-9.5)
Alanine aminotransferase (IU/L) 80 (33-160)
Aspartate aminotransferase (IU/L) 71 (28-120)
Total cholesterol (mg/dL) 144+48
Low density lipoprotein (mg/dL) 71126
High density lipoprotein cholesterol (mg/dL) 34%15
Triglycerides (mg/dL) 46.5+10

31 (49) 21 (61) 14 (39)
50+11.1 44+10 47115
139+£19 130+£18.5 132+18
83+10 78+10 79+9.0
25.8+25 21.2+2.0 22+1.9
7.2+1.0+ 4.4+0.65 5.2 +0.7

7.6 £1.13+

22 (35)*+ _ —

3.2 (24-17.3)* 1.6 (1.3-3.6) 1.8 (1.45-4.5)
10.2 (6.2-12.1)* 7.4 (5.4-9.5) 7.6 (5.7-9.8)
93 (35-190) 73 (35-150) 87 (33-135)
80 (28-140) 66 (30-125) 77 (28-130)
155+51.8 152+60 147 +58
73+27 91+29 83+30
33+£17 34+15 39+13
48+12 46+10 44+10.5

Values are expressed as means +S.D. or as medians (interquartile range) for skewed data. Significance between groups: *P<0.05; +P<0.01. hsCRP,

high sensitivity C-reactive protein; IL-6, interleukin-6.

pothesis is supported by experimental data demonstrat-
ing that part or all of the pro-atherogenic action of CRP
could be mediated vz its local action in the vascular wall
where the protein is deposited (Kobayashi ez al, 2003;
Yu ¢t al., 2012). Other studies have demonstrated that
albumin is converted to IMA in the circulation under
conditions of oxidative stress produced in the environ-
ment of atheroma plaques (Sbarouni ef al, 2011). Since
the C-reactive protein itself serves as a pro-inflammatory
factor (Bisoendial ¢z al, 2010), the enhanced formation
of CRP in diabetic CHC patients may be considered as
a factor that contributes to the development of a vicious

circle of oxidative inflammation and free radical-induced
albumin modification. Accordingly, there are reasons to
believe that this positive feedback loop could amplify
the chronic inflammatory state caused by the hepatitis
C virus, and thus contribute to atherosclerosis in CHC
patients with diabetes, albeit the exact mechanism still
needs to be elucidated.

Analyses of the associations between IMA and CRP
have to deal with the presence of cardiovascular disease
as a possible confounder. Therefore, in our study we
have excluded diabetic CHC patients with overt cardio-
vascular disease. However, some of our subjects might

Table 4. Correlations between ischemia-modified albumin (IMA) and markers of inflammation, oxidative stress and diabetes preva-

lence in patients with chronic hepatitis C (CHC) infection (n=63).

IMA (ABSU) AOPPs (umol/L) hsCRP (mg/L) IL-6 (pg/mL)
Age r=0.06, NS r=0.32, P<0.05 r=0.53, P<0.001 r=0.51, P<0.01
Diabetes Xx2=6.382, P<0.05 x2=10.004, P<0.001 x2=7.485, P<0.01 ¥x2=0.759, NS
Fasting plasma glucose (mmol/L) r=0.25, P<0.05 r=0.09, NS r=0.19, P<0.05 r=0.18, P<0.05
IMA (ABSU) - r=0.05, NS r=0.50, P<0.01 r=0.39, P<0.05
hsCRP (mg/L) r=0.50, P<0.01 r=0.23, P<0.05 - r=0.49, P<0.001
IL-6 (pg/mL) r=0.39, P<0.05 r=0.41, NS r=0.49, P<0.001 -
TNF-a (pg/mL) r=0.15, NS r=0.32, NS r=0.09, NS r=0.01, NS

Results are shown as linear (r) regression coefficient or bivariate logistic (X?), and its statistical significance value. NS, not significant (P>0.05);

hsCRP, high sensitivity C-reactive protein; IL-6, interleukin-6; IMA, ischemia-modified albumin.
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have undiagnosed atherosclerosis, and we did not per-
form any surrogate measures of atherosclerosis, such as
carotid intimamedia thickness. Our study is also limited
by its cross-sectional design, and therefore the relation-
ships between IMA and CRP cannot be considered as
causal in the cascade of atherogenesis to end-point car-
diovascular disease.

Some limitations deserve mentioning. First, our sam-
ple size is small and this might have resulted in weaker
associations among some of the parameters. More ex-
tensive confirmatory studies should be performed to
better estimate the association between IMA and oxida-
tive stress, inflammation and the presence of diabetes in
patients with CHC. A larger study would also have suf-
ficient power to determine whether the association be-
tween IMA and inflammation in CHC patients with dia-
betes differs by sex. Secondly, the patients-categorized as
”CHC patients without diabetes” may have pre-diabetes
(intermediate hyperglycemia), and many of them may de-
velop diabetes in the future. Finally, we examined only
three different inflammatory biomarkers. Studies in the
general population have shown that other biomarkers,
such as interleukin-18, may be associated with diabetes
(Negi ¢t al., 2012).

In conclusion, simultaneous monitoring of plasma
AOPPs and IMA can be helpful for the cardiovascular
disease control in CHC patients with diabetes, although
the pathologic link between both biomarkers remains
unclear. Therefore, in order to prevent cardiovascular
diseases in chronic hepatitis C infection, it is crucial to
monitor the subjects with biomarkers that are tailored
for this population and that may turn to be more pre-
dictive of cardiovascular diseases in CHC patients with
diabetes.
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