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Abstract Ischemia-modified albumin (IMA) is a novel
marker of tissue ischemia. Nowadays, IMA is accepted as a
marker of oxidative stress. In this study, we aimed at
establishing an association between IMA and hyperglyce-
mia, blood pressure, lipid parameters, microvascular com-
plications, hsCRP, and microalbuminuria in type 2 diabetes
patients without overt macrovascular disease and acute
ischemia. Fifty type 2 diabetes mellitus patients without a
history of macrovascular disease or end-stage renal disease
were enrolled into the study. Age-matched 30 healthy
individuals were also included in the study as a control
group. Plasma IMA (0.329 &£ 0.046 and 0.265 £ 0.045
AbsU; P < 0.0001) and hsCRP levels (0.51 £ 0.36 and
0.32 £ 0.17 mg/dl; P < 0.0001) were significantly higher
in the diabetic group compared to healthy controls. IMA
level was significantly correlated with hsCRP (r = 0.76;
P < 0.0001), HbAlc (r = 0.72; P < 0.0001), microalbu-
minuria (r = 0.40; P = 0.004), systolic blood pressure
(r = 0.28; P = 0.049), diastolic blood pressure (r = 0.44;
P = 0.005), and HOMA-IR (r = 0.42; P = 0.005) levels
in the entire diabetic subjects. In the diabetic patients group,
presence of microalbuminuria was associated with a higher
plasma IMA level (0.355 &+ 0.035 and 0.265 + 0.0045
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AbsU; P < 0.0001, patients with microalbuminuria and
control subjects, respectively). In the type 2 diabetes
patients with nephropathy, IMA level (0.355 + 0.035 and
0.311 &+ 0.046 AbsU; P = 0.002) was determined higher
compared to the diabetes patients without nephropathy.
Diabetic patients without an overt cardiovascular disease
still have a higher serum IMA level compared to healthy
controls. The correlation of high plasma IMA levels with
high hsCRP and microalbuminuria levels in diabetic sub-
jects indicates the presence of a chronic ischemic process.
Therefore, elevated IMA levels may indicate an underlying
subclinical vascular disease in type 2 diabetes mellitus
patients.

Keywords Ischemia-modified albumin - Type 2
diabetes - hsCRP - Microvascular complications -
Diabetic nephropathy

Introduction

The most frequent cause of death in the world is macrovas-
cular diseases such as myocardial infarction, stroke, sudden
death, and peripheral artery disease. The most important
underlying etiology of macrovascular diseases is athero-
sclerosis. As shown by the evidence of laboratory and clin-
ical studies, atherosclerosis is not merely a simple lipid
accumulation disease. Endothelial dysfunction and low
grade systemic inflammation are complex situations which
play a starter role in atherosclerosis development and also
cause its progress [ 1-3]. Macrovascular diseases are the most
frequent complications of type 2 diabetes and this process
starts before the diagnosis of overt diabetes [4]. The most
important reason for risk increase in diabetic patients, as
shown in Hoorn study [5], is endothelial dysfunction and
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subendothelial low grade systemic inflammation. The
information obtained as a result of studies shown that type 2
diabetes and atherosclerosis share common pathogenic
mechanisms [4].

Coexistence of insulin resistance, vascular inflamma-
tion, and high blood pressure risk factors causes endothelial
dysfunction and damage, and this forms the first step of
atherosclerosis. Lots of markers such as high sensitivity
C-reactive protein (hsCRP), microalbuminuria, and hype-
rhomosysteinemia which clinically show the start of
endothelial dysfunction, its intensity and extensity and also
are powerful and predictive factors for macrovascular
diseases that may develop have been determined [6-8].

The N-terminal end of human serum albumin is a tem-
porarily binding site for divalent forms of metals like
cobalt, copper, and nickel [9]. Ischemia-modified albumin
(IMA) is the variant form of human serum albumin of
which N-terminal end has been altered after it was exposed
to oxidative stress and/or ischemia [10, 11]. Metal binding
ability of N-terminal end is decreased after this molecular
alteration [10, 11]. In clinical and experimental studies
conducted so far, it has been demonstrated that IMA ele-
vates depending on oxidative stress after acute ischemia
and returns to normal levels in hours after reperfusion
[12-15]. In the view of these studies, IMA is accepted as a
marker of oxidative stress and it was determined to be
associated with other oxidative stress markers [16, 17].

In this study, we aimed at establishing an association
between IMA and endothelial damage and low grade sys-
temic inflammation which are risk factors for the devel-
opment of macrovascular disease in type 2 diabetes
patients without overt macrovascular disease and evaluat-
ing whether it may be a risk factor for macrovascular
diseases that may appear in the future.

Materials and methods
Patient selection

Type 2 diabetic patients who had been admitted to our
endocrinology outpatient clinics were carefully evaluated
for macrovascular diseases, secondary inflammatory con-
ditions, such as chronic respiratory diseases, end-stage
renal disease, hepatic dysfunction, heart failure, acute
febrile illness, asymptomatic infection, malignant or
chronic inflammatory diseases, and heart valve disorders.
These conditions were considered to be exclusion criteria.
Another factor that was considered grounds for exclusion
was the use of medications that could affect the coagulation
system and lipid metabolism, such as anticoagulants, oral
contraceptives, hormonal replacement therapy, and hypo-
lipidemic drugs. Fifty type 2 diabetic patients (22 women,
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28 men; mean age: 51.84 £ 9.4 years) with or without
microvascular diabetic complications were enrolled into
the study. Thirty non-diabetic healthy subjects (15 men, 15
women; mean age: 51.1 & 12.4 years) matched on body
mass index (BMI) and age were included in the study as a
control group. The study protocol was approved by the
local Ethics Committee, and all patients gave written
informed consent before randomization.

Anthropometric measurements

Body weight and height were measured in the morning with
light clothing and without shoes. Body mass index was
calculated as body weight in kilograms divided by height in
meters squared. Waist circumference was measured with a
flexible plastic tape midway between the lower rib margin
and iliac crest, and hip girth was measured at the widest part
of the hip. Both circumferences were measured in the
standing position after normal expiration.

Evaluation of microvascular complications

Retinopathy was diagnosed as none, background, or pro-
liferative by an ophthalmology specialist. Nephropathy was
established by the presence of at least two criteria of micro/
macroalbuminuria, decreased creatinine clearance, and
hypertension. Neuropathy was established by examining
symptoms and completing neurologic evaluations of the
patients. Microalbuminuria was defined as an albumin
excretion rate of 30-299 mg/day in a 24-h collected urine
specimen on at least two consecutive occasions. Renal
functions of the patients were determined by volume,
creatinine levels from urine collected during 24 h. Urine
creatinine was calculated by using creatinine clearance
formula with urine volume and serum creatinine values
[Creatinin Clearance = (Urine creatinin mg/DIl x urine
volume ml)/(serum creatinin mg/dL. x 1,440 min)].

Biochemical analysis

Blood was collected in the morning, between 8:00 and 9:00
a.m., after an overnight fast. Serum glucose, total choles-
terol, triglycerides, and HDL and LDL-cholesterol levels
were measured with a Hitachi 917 auto analyzer using
Roche Diagnostics kits (Roche Diagnostics, Mannheim,
Germany). Intraassay and interassay coefficients of varia-
tion were 0.9 and 1.8% (serum glucose), 0.8 and 1.7%
(total cholesterol), 1.5 and 1.8% (triglycerides), 1.3 and
2.6% (HDL cholesterol levels), and 0.71 and 1.2% (LDL-
cholesterol levels). Serum apoprotein Al and B100 levels
were measured with a Dade Behring auto analyzer using
original kits (Dade Behring, Marburg, Germany); intraas-
say and interassay coefficients of variation were 2.2 and
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5.7% and 1.9 and 2.4%, respectively. Serum insulin levels
were measured with an Immulite One auto analyzer and
DPC kit (DPC, Los Angeles, USA); intraassay and inter-
assay coefficients of variation were 3.8 and 4.2%, respec-
tively. Peripheral insulin resistance (PIR) was calculated
with the Homeostasis Model Assessment (HOMA-R)
method [18]. hsCRP level was measured with a Dade
Behring BN II auto analyzer by using Nephelometric High
sensitivity method and original kits (Dade Behring. Mar-
burg. Germany); intraassay and interassay coefficients of
variation were 2.3 and 2.5%, 1.8 and 2.9%, respectively.
For IMA measurement, blood samples were taken from the
brachial vein immediately placed in ice and centrifuged at
3,000 rpm for 15 min and pipetted into Eppendorf tubes in
the ED and stored at —80°C until analyzed (maximum
6 months). Reduced cobalt to albumin binding capacity
(IMA level) was analyzed using the rapid and colorimetric
method developed by Bar-Or et al. [19]. This is based on
the principle of quantitative scanning of the free cobalts
present after cobalt binding has taken place. The results
were reported as absorbance units (ABSU). This means
that high absorbance levels as a result of increased mounts

of free cobalt in the environment can be determined. In our
laboratory, the within-run % coefficient of variation for
IMA assay is averaged to be 3.1% [20].

Statistical analysis

Statistical calculations were performed using SPSS 10.0.
Basal values for relevant variables were compared with 3,
ANOVA, multiple regression analysis, paired #-tests, or
Wilcoxon rank tests within groups, and Student f-tests or
Mann-Whitney U tests between groups, where appropriate.
A P-value of less than 0.05 was accepted as significant.
Data are presented as mean =+ standard deviation.

Results
All diabetic and control group comparisons
Studied and measured parameters were compared between

all diabetes patients and control groups at first. No difference
was observed in terms of sex, age, smoking status, presence

Table 1 General characteristics
and biochemical parameters of
diabetic patients in comparison

to healthy control subjects

BMI body mass index, HOMA-

IR homeostasis model
assessment-insulin resistance,
IMA 1schemia-modified

Diabetic group Control subjects P

(n = 50) (n = 30)
Women (n) (%) 22 (44%) 15 (50%) N.S
Men (n) (%) 28 (56%) 15 (50%) N.S
Hypertension treatment (n) (%) 31 (62%) 15 (50%) N.S
Smoking (n) (%) 16 (31%) 10 (30%) N.S
Age (Year) 51.84 £ 94 51.1 £ 124 N.S
BMI (kg/m?) 312 +£52 329 +10.8 N.S
Total cholesterol (mg/dl) 173.7 + 44.8 1719 £ 39.3 N.S
HDL-cholesterol (mg/dl) 48.6 £ 114 48.40 + 10.24 N.S
LDL-cholesterol (mg/dl) 123.4 4+ 34.1 105,96 &+ 33,20 N.S
Triglyceride (mg/dl) 118.4 £ 55.0 105.9 £ 33,2 N.S
ApoAl (mg/dl) 134.3 £ 22.0 136.6 £ 24.5 N.S
ApoB100 (mg/dl) 90.4 + 21.5 85.50 + 2591 N.S
Creatinine clearance (ml/min) 118,7 + 52,6 120,52 4+ 29,33 N.S
Fasting plasma Glucose (mg/dl) 149.1 + 49.1 87.5 £ 10.1 P < 0,0001
HOMA-IR 5.75 + 3.657 1.73 £ 1.21 P < 0.0001
IMA (AbsU) 0,329 £+ 0,046 0.265 £ 0.045 P < 0.0001
hsCRP (mg/dl) 0.51 £ 0.36 0.32 £ 0.17 P < 0.0001
Systolic blood pressure (mmHg) 132.2 £ 189 119.2 £+ 8.8 P = 0.001
Diastolic blood pressure (mmHg) 83.5 £ 11.1 739 £ 6.8 P < 0.0001
Microalbuminuria (mg/24 h) hours) 43,54 £ 73,085 3.23 +£2.303 P < 0,0001
Duration of diabetes (years) 7.08 £ 5.1 - -
HbAlc (%) 75+ 19 - -
Microvascular complications (n) (%) 30 (60%) - -
Retinopathy (n) (%) 27 (54%) - -
Nephropathy (n) (%) 21 (42%) - -
Neuropathy (n) (%) 36 (72%) - -

albumin, ~sCRP high sensitive
C-reactive protein
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of hypertension, BMI, lipid parameters, and creatinin clea-
rence in comparison done between diabetes patients and
control group (Table 1). Average duration of diabetes of
diabetes patients was 7 year and their glycemic controls
were at medium level (HbAlc = 7.5%). Microvascular
complications were observed in 30 (60%) of diabetic group
patients. Fasting blood glucose and HOMA-R measurements
were found significantly high as expected in diabetic patient
group compared to healthy group. Even though frequency of
hypertension was similar in both groups, systolic blood
pressure (132.2 &+ 189 and 119.10 £ 8.80 mmHg; P =
0.001) and diastolic blood pressure (83.5 & 11.1 and
73.80 £ 6.79 mmHg; P < 0.0001) were determined to be
statistically significantly high in diabetic group patients
compared to control group (Table 1). When both groups
were compared in terms of parameters showing extensive
subendothelial inflammation and endothelium damage,
hsCRP (0.51 #+ 0.36 and 0.32 £ 0.17 mg/dl; P < 0.0001)
and microalbuminuria (43.54 4+ 73.085 and 3.23 £ 2.303
mg/day; P < 0.0001) levels were significantly high in dia-
betic patient group compared to control group. Ischemia-
modified albumin (IMA) levels (0.329 4+ 0.046 and
0.265 £ 0.045 AbsU; P < 0.0001) were determined to be
significantly high in entire diabetic patient group compared
to control group (Table 1 and Fig. 1). Afterwards, correla-
tion analyses were done within the entire diabetic group to
put forth the association between IMA level and the
parameters that cause endothelium dysfunction (metabolic
control and blood pressure) and show subendothelial
inflammation (hsCRP) and extensive endothelial damage
(microalbuminuria). Positive correlations were determined
between IMA level and hsCRP (r = 0.76; P < 0.0001),
HbAlc (r =0.72; P < 0.0001), microalbuminuria (r =
0.40; P = 0.004), systolic blood pressure (r = 0.28;
P = 0.049), diastolic blood pressure (r = 0.44; P = 0.005),

,450 1

,400 —‘7

,350

,300 1

,250 1

Ischemia Modified Albumin (AbsU)

,200

,150 T T
Control Subjects Diabetic Group

Fig. 1 Ischemia-modified albumin (IMA) levels of diabetic patients
in comparison to healthy control subjects (P < 0.0001)
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Table 2 Correlation analyses of ischemia-modified albumin level
with HbA1C, hsCRP, microalbuminuria, systolic, and diastolic blood
pressure levels in whole diabetic patients group

r P
HbA1C (%) 0.72 <0.0001
hsCRP (mg/dl) 0.76 <0.0001
Microalbuminuria (mg/24 h) 0.40 0.004
Systolic blood pressure (mmHg) 0.28 0.049
Diastolic blood pressure (mmHg) 0.44 0.001
HOMA-IR 0.42 0.005

hsCRP high sensitive C-reactive protein, HOMA-IR homeostasis
model assessment-insulin resistance

and HOMA-IR (r = 0.42; P = 0.005) levels and values
during correlation analyses done within the entire diabetic
group (Table 2 and Fig. 2).

Subgroup analyses

Subgroups were constituted in diabetic patient group in
order to evaluate that if IMA levels were different between
groups with and without risk factors which may develop
endothelial damage and progress it. Evaluations between
subgroups, and between subgroups and control groups were
done.

Metabolic parameters and blood pressure

Diabetic patients were divided into two groups as well
(HbAlc < 7%) or poorly (HbAlc > 7%) controlled accord-
ing to metabolic control. Once we compared IMA levels of
well and poorly metabolically controlled diabetic patients
with control group separately, we determined that IMA
levels in both diabetic groups were statistically significantly
high compared to control group (Table 3 and Fig. 3). Also,
in the evaluation between well and poorly metabolically
controlled diabetic patients, IMA levels were significantly
high in badly metabolically controlled group (Table 3 and
Fig. 3). When diabetic patients with hypercholesterolemia
((LDL-Cholesterol > 100 mg/dl)) and without hypercho-
lesterolemia (LDL-Cholesterol < 100 mg/dl) according to
lipid parameters were compared separately with control
group, IMA levels of both diabetic groups were observed
higher compared to control group. However, there was no
difference in terms of IMA levels between diabetic patients
with hypercholesterolemia or without hypercholesterolemia
(Table 3 and Fig. 3). IMA levels of diabetic patients with
and without hypertension diagnosis were determined sig-
nificantly high compared to control group (Table 3 and
Fig. 3). When hypertensive and normotensive diabetic
patients were compared similarly, IMA concentration in
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Fig. 2 Correlation analyses of
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compared to normotensive diabetic group.

Microvascular complications

In order to evaluate the IMA levels in presence and absence
of microvascular complication, diabetic patients were
divided into two groups as patients having or not having
microvascular complications. When both groups were
compared with control group separately, IMA levels of
both diabetic groups were determined significantly high
compared to control group (Table 3 and Fig. 3). Also,
when patients with and without microvascular complica-
tions were compared, IMA concentration in patients with
complication was statistically significantly high compared
to patients without complication. When diabetic patients
with and without diabetic nephropathy, neuropathy, and
retinopathy were compared with control group separately,
IMA levels in diabetic patient groups with complication
was significantly high compared to control group
(Table 3). As diabetic patients with and without neuropa-
thy and retinopathy were compared, no difference was
determined between IMA levels in both groups. However,
IMA levels in diabetic group with nephropathy were sig-
nificantly high compared to the group without nephropathy
(Table 3).

When a literature review is performed, it is seen that
ischemia-modified albumin (IMA) results from oxidative
stress which develops after acute ischemic events and
endothelial hypoxia and correspondingly produced reactive
oxygen types have been shown in many studies [12-15,
17]. In the view of present day evidence, IMA is accepted
as the marker of oxidative stress and it has been determined
to be associated with other oxidative stress markers [16,
17]. In this study, we principally determined that IMA
levels elevated significantly in patients with type 2 diabetes
without overt macrovascular disease and acute ischemic
disease when compared to healthy control group. Further-
more, within the entire diabetics patient group, we found
that IMA level was positively correlated with the param-
eters which cause endothelial dysfunction (metabolic con-
trol and blood pressure) and demonstrate subendothelial
inflammation (hsCRP) and extensive endothelial damage
(microalbuminuria). These results make us think that nor-
mal human serum albumin may change secondary not only
to reactive oxygen radicals emerged as a result of acute
ischemia but also to free oxygen types produced as a result
of endothelial dysfunction. As reactive oxygen types are
such molecules that are known to be responsible for
damage on many biological molecules. Oxidative stress on
endothelium elevates both physiological and pathological
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Table 3 IMA levels in diabetes patients according to metabolic control status and presence of microvascular complications in comparison to

healthy control subjects

Groups Parameters Number of IMA (AbsU) Analysis p
subjects (1)
Metabolic control HbAlc > 7% 23 0.355 4+ 0.045 HbAlc > 7% versus HbAlc < 7% <0.0001
HbAlc < 7% 27 0.299 £ 0.026 HbAlc > 7% versus control subjects <0.0001
Control subjects 30 0.265 £ 0.045 HbAlc < 7% versus control subjects 0.009
Blood pressure Hypertensive 32 0.346 £ 0.037 Hypertensive versus normotensive 0.011
Normotensive 18 0.307 £ 0.049 Hypertensive versus control subjects <0.0001
Control subjects 30 0.265 £ 0.045 Normotensive versus control subjects 0.002
Lipid levels LDL-C > 100 mg/dl 36 0.334 £+ 0.049 LDL-C > 100 versus LDL-C < 100 N.S
LDL-C < 100 mg/dl 14 0.327 £ 0.046 LDL-C > 100 versus control subjects <0.0001
Control Subjects 30 0.265 £ 0.045 LDL-C < 100 versus control subjects <0.0001
Microvascular MC (+) 30 0.340 + 0.040 MC (+) versus MC (—) 0.041
complications (MC)  pjc (—) 20 0312 + 0.044  MC (+) versus control subjects <0.0001
Control subjects 30 0.265 £ 0.045 MC (—) versus control subjects 0.002
Nephropathy Nephropathy (+4) 21 0.355 £ 0.035 Nephropathy (4) versus nephropathy (—) 0.002
Nephropathy (—) 29 0.311 £+ 0.046 Nephropathy (+) versus control subjects <0.0001
Control Subjects 30 0.265 £ 0.045 Nephropathy (—) versus control subjects <0.0001
Retinopathy Retinopathy (+) 27 0.339 + 0.047 Retinopathy (4) versus retinopathy (—) N.S
Retinopathy (—) 23 0.318 £ 0.044 Retinopathy (4) versus control subjects <0.0001
Control Subjects 30 0.265 £ 0.045 Retinopathy (—) versus control subjects <0.0001
Neuropathy Neuropathy (+) 30 0.355 £ 0.039 Neuropathy (4) vs.Neuropathy (—) P:N.S
Neuropathy (—) 18 0.322 £+ 0.045 Neuropathy (+) versus control Subjects <0.0001
Control subjects 30 0.265 £ 0.045 Neuropathy (—) versus control subjects 0.002

P values are results of parametric Bonferroni Post Hoc tests
IMA ischemia-modified albumin, LDL-C LDL-Cholesterol, MC Microvascular complication

Fig. 3 IMA levels in diabetes
patients according to metabolic
control status (HbAlc, LDL-
Cholesterol levels), presence of
microvascular complications
and hypertension in comparison
to healthy control subjects

cases [21, 22]. As a consequence of increased oxidative
stress, free oxygen radicals occur at non-compensated
ratios. In diabetic patients, hyperglycemia is a major risk
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factor for starting diabetic endothelial stress and dysfunc-
tion [23]. During pathogenesis of complications seen on
diabetes mellitus, many of biochemical disorders caused by
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hyperglycemia result in oxidative stress. However, endo-
thelial dysfunction developing on type 2 diabetes disease
may occur with the effect of additional factors such as
increased blood pressure, hypercholesterolemia, smoking,
microalbuminuria as well as hyperglycemia. Although the
underlying mechanisms of endothelial dysfunction devel-
opment are multifactorial, substantially evidence suggests
that increased reactive oxygen types cause this [24]. As the
risk factors and oxidative stress in patients increase, along
with biochemical changes, endothelial dysfunction devel-
ops and deteriorates. In all sub-group analysis of our study
done with metabolic control, hypertension, and lipid levels,
IMA levels in diabetic patient groups were noticeably high
compared to control group. Increased oxygen types occur
in patients in consequence of endothelial damage which
develops in presence of all of these major risk factors that
cause macro and microvascular complications. Although in
vivo mechanism of IMA formation is not known precisely,
reactive oxygen types seem to cause molecular changes on
metal binding sites of albumin molecule [25, 26]. By
endothelial dysfunction and free radical formation, albumin
molecules of our diabetic patients may be structurally
modified. High IMA levels of diabetic patients on our study
compared to control group may be explained by this
pathomechanism.

It has been shown that hsCRP levels are markers of
systemic low grade inflammation and macrovascular dis-
eases which may develop in the future [3, 8, 27]. In our
study, we determined strong and significant positive cor-
relation between IMA and hsCRP levels in the diabetic
patient group. In the view of such a result, we think that
increased IMA molecule in diabetic patients may be a
novel marker for systemic low grade inflammation and
even macrovascular diseases that may develop in diabetic
patients as well as extensive endothelial dysfunction.

Microalbuminuria is the first and the most important
marker that shows the presence of extensive endothelial
damage and progression to macrovascular disease in dia-
betic and non-diabetic individuals [6]. In epidemiological
studies, it has been set forth that presence of microalbu-
minuria is strongly associated with systemic endothelial
dysfunction and macrovascular disease development [6].
First, there was a noticeable positive correlation between
microalbuminuria levels and IMA levels in the entire type
2 diabetic patient group. In addition to this finding, IMA
levels in type 2 diabetic patients with microalbuminuria
were noticeably high compared to normoalbuminuric dia-
betic individuals in our study. Both of these two important
results show that IMA levels elevate with the presence of
extensive endothelial damage without macrovascular dis-
ease and/or acute ischemia.

When we evaluate IMA levels by dividing our diabetic
patients as badly controlled (HbAlc > %7) and well

controlled (HbAlc < %7), we determined that IMA levels
elevate when glycemic control got worse. We also evaluate
IMA levels with the presence of other conventional risk
factors which cause and increase extensive endothelial
damage on diabetic patients. With the presence of hyper-
tension, IMA levels determined as higher compared to
normotensive diabetics. In addition to that, an elevation on
IMA levels by an increased microalbuminuria and hsCRP
levels rise clearly exhibits the relation of IMA with other
conventional risk factors and parameters that cause and/or
show endothelial damage. We think this information
demonstrates that IMA occurs as a result of endothelial
damage and when the damage progress IMA levels
increase. However, despite all of these outcomes, although
IMA level of group whose LDL-cholesterol level seemed
to be numerically high (>100 mg/dl) compared to the
diabetic group whose LDL-cholesterol level is normal, it
did not reach statistical significance. It was not actually an
expected outcome. There may be several reasons for this
outcome. First, fewness of patient number (n = 14) whose
LDL-cholesterol level is <100 mg/dl might have prevented
IMA levels from reaching statistical significance. Another
reason is that instead of LDL-cholesterol level, if we have
been examined small dense LDL-cholesterol level which is
more atherogenic in diabetes patients, we might have
obtained more significant results in this patient group that
does not have macrovascular complication.

IMA levels were significantly high especially in diabetic
patient group in which microvascular complications
developed compared to those in which complications did
not develop. However, this significance did reach to sta-
tistical significance only in patients with diabetic
nephropathy. Although, we determined that IMA levels
were high in diabetic patient groups with diabetic reti-
nopathy and neuropathy compared to those who had not
these complications, this difference was not statistically
significant. In our study, we diagnosed diabetic nephropa-
thy with the presence of at least two of these factors;
increased blood pressure, microalbuminuria presence, and
decreased creatinine clearance. While the patient whom we
enrolled the study was forming type 2 diabetic group, since
overt nephropathy and renal failure were our exclusion
criteria, all of our diabetic patients in diabetic nephropathy
group were hypertensive and had microalbuminuria. As it
has been shown previously in the literature, presence of
microalbuminuria is along with longer diabetes age, more
distinctive dyslipidemia, and higher arterial blood pressure
[28]. Features of our patients with diabetic nephropathy
were supporting this literature knowledge. We may think
that more distinctive and extensive endothelial damage
occur in diabetic patients with the presence of these factors
compared to the presence of retinopathy and neuropathy.
Therefore, this more extensive endothelial dysfunction
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might have caused that we found IMA levels significantly
high in patients with diabetic nephropathy, although high in
our patients with diabetic retinopathy and neuropathy it
might have caused not to reach significance.

There is several weakness of the study. The majority of
the examinations was positive and showed significant
correlation not only with the factors that reflect endothelial
damage or inflammation such as hsCRP but also with
metabolic parameters such as HbAlc, blood pressures, and
HOMA-IR, IMA may not be specific applicable to be a
marker for the detection of endothelial ischemic damage in
diabetic patients who are already at a high risk for car-
diovascular disease. Significance of IMA to those meta-
bolic parameters might reflect a chronic production of
ROS, but on the other hand, there is a concern that the
increased IMA was a response to other factors such as
glycation of albumin by chronic hyperglycemia. This study
demonstrates an elevation of IMA relative to the level in
nondiabetic subjects. Previous studies have demonstrated
elevated IMA in coronary heart disease and end-stage renal
disease, so the event is not necessarily predictive of dia-
betes per se but rather the degree of cardiovascular disease
accompanying diabetes. While it is a small study, we found
it potentially important to clinical evaluation of diabetic
macrovascular complications. This, of course, would need
further verification in larger patient populations and by
independent investigators but it is an intriguing initial
observation.

Consequently, endothelial dysfunction is a characteristic
marker of atherosclerotic vessel disease; also it is the most
important predictive value showing that cardiovascular
event ratio increase in long term [29]. In our study, IMA
levels were found high in diabetic patients with no overt
ischemic stress compared to healthy control group. We
think that elevated IMA in diabetic patients is because of
uncontrolled oxidative stress occurs on endothelium due to
hyperglycemia and presence of other conventional risk
factors and the effects of subsequently released reactive
oxygen types on albumin. Since IMA levels were high in
patients with microalbuminuria and it was positively
associated with hsCRP and microalbuminuria levels, we
think that we may accept IMA as a novel risk factor and a
marker in diabetic patients for extensive endothelial dys-
function, low grade inflammation, and macrovascular dis-
ease that may develop in the future. In the view of all of
these outcomes, IMA can be an additional parameter to
show sub-clinic vascular disease.
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