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Abstract: The most important reason for risk increase in diabetic patients is endothelial dysfunction and
subclinical low grade systemic inflammation. Ischemia modified albumin (IMA) is produced as a result of serum
albumin flowing through ischemic tissues and is a marker of oxidative stress and ischemia, as serum level of
modified albumin rise in many diseases accompanied by ischemia. In this study we evaluated the relationship
between serum IMA and lipid profile in type 2 Egyptian diabetic patients. Forty subjects participated in this
study; 20 of them were type 2 diabetic patients with normal lipid profile; 20 patients were type 2 diabetic
patients with dyslipidemia; and 10 subjects as a control group. The study revealed a significant positive
correlation of serum IMA to glycosylated hemoglobin of type 2 diabetic patients without dyslipidemia and a
non significant correlation of serum IMA to all lipids of the patients of the same group. The study also revealed
a significant positive correlation of serum IMA to serum triglycerides, total cholesterol, low density lipoprotein
cholesterol, very low density cholesterol, glycosylated hemoglobin and high density lipoprotein of type 2
diabetic patients with dyslipidemia. The present study indicates that measuring serum IMA in diabetic patients
with dyslipidemia would provide an index of ischemia due to structural modification of circulating albumin in
serum. This will aid better prognosis and management of diabetes mellitus.
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INTRODUCTION death rates in patients with diabetes [4]. The mechanism

Macro vascular diseases are the most common and not yet fully understood, but involves the direct toxic
frequent complications of type 2 diabetes and this effects of high glucose levels, along with the impact of
process starts before the diagnosis of onset diabetes [1]. elevated blood pressure, abnormal lipid levels, hypoxia
The most important reason for risk increase in diabetic and ischemia [5].
patients is endothelial dysfunction and subclinical low Lots     of     markers   such     as     high    sensitivity
grade systemic inflammation [2]. C-reactive protein (hsCRP), micro-albuminuria and

The information obtained as a result of studies hyperhomocysteinemia which clinically show the start of
showed that type 2 diabetes and atherosclerosis share endothelial dysfunction, and it’s intensity and extensity
common pathogenic mechanisms [1]. Coexistence of and also are powerful and predicting factors for macro
insulin resistance, vascular inflammation and high blood vascular diseases that may develop, have been
pressure risk factors, causes endothelial dysfunction and determined [3].
damage and this forms the first step of atherosclerosis [3]. Ischemia modified albumin (IMA), also called cobalt

The development of diabetic complications such as binding albumin, is produced as a result of serum albumin
cardiovascular complications and nephropathy is flowing through ischemic tissues and is a marker of
responsible for significant proportion of the increased oxidative stress and ischemia, as serum levels of  modified

by which diabetes leads to those complications is complex
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albumin rise in many diseases accompanied by ischemia determined immediately using phosphotungestic and
[6]. Emerging investigations suggest that in both cases, magnesium ions for precipitation of all lipoproteins except
diabetic and hypercholesterolemic patients, IMA levels the HDL fraction which was present in the supernatant
are higher than in healthy subjects and that the albumin and measured by Hitachi 736 auto analyzer. 
molecule in the plasma of diabetic patients is modified in The rest of the serum was stored at -20°C for
the chronic hypoxic conditions provoked mainly by determination of total cholesterol, triglyceride and IMA.
hyperglycemia and oxidative stress in diabetes [7]. The determination of total cholesterol and triglyceride was

During ischemia, the generation of reactive oxygen carried out on Hitachi auto analyzer 736 using colorimetric
species (ROS) influences the metal binding capacity of techniques. Low density lipoprotein (LDL) was calculated
albumin for transition metals [7]. Ischemia modified according to Friedwald formula [10].
albumin has shown to be a rapidly rising and sensitive Serum IMA was determined manually using a
biochemical marker especially for the diagnosis of spectrophotometric CO (II)-albumin biding assay
myocardial ischemia [8]. described by Bar-Or et al. [11]. This method consists of

The aim of this work was to assess the serum levels adding an excess  of  a   known   amount   of   exogenous
of ischemia modified albumin in type 2 Egyptian diabetic CO to   serum   sample   and   measuring   the  unbound
patients and evaluate its relationship to the all parameters Co      calorimetrically      using      dithiothreitiol    (DTT).
of lipid profile in those patients. The results are given in absorbance units (ABSU). 

MATERIALS AND METHODS Chicago,     USA)     for    data    analysis   were   used.

Forty subjects were chosen from outpatient clinics of for   parametric   data,   the   Students  t-test  was  used.
Research Institute of Ophthalmology to participate in this Mann-Whitney test was used when comparing between
study; 20 of them were type 2 diabetic patients with two independent  mean  groups  for  nonparametric  data.
normal lipid profile; 20 patients were type 2 diabetic To find the relation between two continuous variables,
patients with dyslipidemia; and 10 apparently healthy Pearson's correlation test was used. A P value <5 was
subjects as a control group. A written consent was considered significant.
obtained from every patient in the study and approval of
the ethical committee is also obtained. Subjects with RESULTS
hypertension, gout, renal or hepatic diseases were
contraindicated. Table 1 shows the clinical features of all subjects

Four ml of fasting (12-16 hours) venous blood participating in the study.
samples were drawn from each subject participating in the Tables 2 and 3 show the laboratory findings of all the
study. 1.5 ml of blood was added into tube containing subjects participating in the study.
EDTA for determination of HbA c by cation exchange Table 4 shows the correlation of the serum levels of1

resin [9]. The rest of blood (3.5 ml) was left to clot and the IMA to other parameters of group (A). The table revealed
serum  was  separated  by  centrifugation  at  3000  xg  for that there is no significant correlation of serum IMA to
5  minutes   and   high   density   lipoprotein    (HDL)   was age, sex, all lipid profile of group (A) patients, but there is

2

2

Statistical software package (SPSS, version 15,

While comparing between two independent mean groups

Table 1: The clinical features of different studied groups

Groups
-------------------------------------------------------------------------------------------------------------------------------------

Parameters Group (A) Group(B) Group(C)

Age (years) (mean ± S.D) 52± 4.0 53 ± 6.0 55 ± 3.0

Sex
Female 12 11 5
Male 8 9 5
Duration of DM(years) (mean ± S.D) 10 ± 3.0 11± 2.6 -

Group A: Type 2 DM without dyslipidemia. Group B: Type 2 DM with dyslipidemia.
Group C: Control group.
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Table 2: Different laboratory parameters of Group (A) and Group (C) (mean ± S.D)

Groups
-------------------------------------------------------------------------------------------------------------------------------------

Parameters Group A Group C P-value

HbA c (%) 7.8 ± 1.9 4.2 ± 1.6 < 0.051

Serum triglyceride (mg/dl) 145± 5.2 140 ± 12.1 > 0.05
Serum total Cholesterol (mg/dl) 148 ± 12.3 150 ± 19.0 > 0.05
Serum VLDL (mg/dl) 31± 1.7 29 ± 2.6 > 0.05
Serum LDL (mg/dl) 90 ± 9.8  89 ± 1.0 > 0.05
Serum HDL (mg/dl) 49± 6.3 55 ± 4.0 > 0.05
Serum IMA(ABSU) 0.513±0.215 0.392 ± 0.10 < 0.05

P< 0.05: significant. P>0.05: Non significant.

Table 3: Different laboratory parameters among group (B) and group (C) (mean ± S.D)

Groups
-------------------------------------------------------------------------------------------------------------------------------------

Parameters Group (B) Group (C) P-value

HbA c (%) 8.1 ±1.2 4.2 ± 1.6 < 0.0011

Serum triglyceride (mg/dl) 253 ± 18 140 ±12.1 < 0.001
Serum total Cholesterol(mg/dl) 262 ± 19.1 150 ± 19 < 0.001
Serum VLDL(mg/dl) 46 ± 5.1 29± 2.6 < 0.05
Serum LDL (mg/dl) 159 ±22.3 89 ± 7.4 < 0.001
Serum HDL (mg/dl) 29 ± 3.9 55± 4.5 < 0.001
Serum IMA (ABSU) 0.654 ± 0.092 0.392±0.101 < 0.001

P<0.05: Significant. P<0.001: Highly significant.

a significant positive correlation of it to duration of
diabetes and glycosylated hemoglobin levels of this
group.

Table    5    shows   the   correlation   of   serum   IMA
to other  parameters  of  group   (B). The   table   revealed
that there is a significant positive correlation of serum
IMA to age, duration   of   diabetes,   serum  triglycerides,
cholesterol,     very     low    density    lipoprotein   (VLDL)
of    group     (B),    glycosylated    hemoglobin    levels,
serum     LDL-cholesterol     and    HDL-cholesterol    and
no significant correlation of IMA to sex of the same
group.

Table 4: Correlation of serum IMA to other parameters of group (A)

Serum IMA
----------------------------------------------------
r P

Age 0.26 > 0.05
Sex 0.32 > 0.05
Duration of disease 0.58 <0,05
HbA c 0.59 <0,051

Serum triglyceride 0.26 > 0.05
Serum total cholesterol 0.31 > 0.05
Serum VLDL 0.19 > 0.05
Serum LDL 0.32 > 0.05
Serum HDL 0.29 > 0.05

Table 5: Correlation of serum IMA to other parameters of group (B)

Serum IMA
---------------------------------------------------
r P

Age 0.52 <0.05
Sex 0.28 > 0.05
Duration of disease 0.62 <0,05
HbA c 0.81 <0.0011

Serum triglyceride 0.68 <0.05
Serum Cholesterol 0.69 <0.05
Serum VLDL 0.58 <0.05
Serum LDL 0.82 <0.001
Serum HDL 0.80 <0.001

DISCUSSION

Diabetes mellitus is characterized by chronic
hyperglycemia and this condition is now recognized as a
major factor in the pathogenesis of diabetes
complications. Hyperglycemia increases oxidative stress
through several pathways [12]. An important way appears
to be the overproduction of the superoxide anion by the
mitochondrial electron transport chain [13]. 

Really, diabetes is commonly accompanied by
extended production of free radicals and /or impaired
antioxidant   defense    mechanisms,   indicating   a  central
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