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Relationship between level of circulating
modified LDL and the extent of coronary artery
disease in type 2 diabetic patients
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Introduction
Diabetes mellitus is associated with an increased incidence
of macrovascular complications including coronary artery
disease (CAD), cerebrovascular and peripheral vascular
disease. These atherosclerotic vascular diseases constitute
the principal cause of mortality among diabetic patients.
Type 2 diabetes is associated with two- to four-fold excess
risk of CAD.1 The atherosclerotic process is indistinguishable
from that affecting the non-diabetic population but begins
earlier and may be severe.2
The mechanisms by which diabetes accelerates atherosclerosis
are not well understood. The customary clusters of risk
factors for CAD, which are more common in diabetes, are
not sufficient to explain this phenomenon. Oxidative stress,
as a consequence of hyperglycaemia, has been suggested as
a potential mechanism for accelerated atherosclerosis.3
It is widely accepted that atherosclerosis is an inflammatory
vascular disease.4 Endothelial dysfunction and accumulation
of modified low-density lipoprotein (LDL), particularly the
oxidised form (ox-LDL) in the subendothelial space, represent
the early changes of the disease. Oxidised LDL is thought to
play a key role in the progression of the atherosclerosis
process. The modification of LDL by oxidation alters its native
properties. Oxidised LDL becomes incorporated in macrophages
by scavenger receptors5 and modulates the expression of the
genes involved in the cellular function of endothelial cells and
vascular smooth muscle cells in vessel walls.6 In this context,
the detection and quantification of circulating ox-LDL might
reflect the severity and phases of atherosclerosis.
The aim of the present study is to evaluate the possible
relationship between circulating levels of the modified
derivatives of LDL and the development of angiopathy in
type 2 diabetic patients with CAD (CAD[+]). The status of
the antioxidant defence and the role of supplementation
with a combination of antioxidants as free radical scavengers
are also studied in these patients.

Subjects, materials and methods

The impact of diabetes on health is due almost entirely
to a series of complications that characterise the disease.
It is associated with an increased incidence of
macrovascular complications including coronary artery
disease (CAD). The aim of the present study is to evaluate
the possible relationship between the circulating levels
of the modified derivatives of low-density lipoprotein
(LDL) and the development of angiopathy in type 2
diabetic patients with CAD. The status of the antioxidant
defences and the role of supplementation with antioxidant
combinations are also studied in these patients. The study
was conducted on three groups: group I (controls);
group II (type 2 diabetic patients without complications –
CAD[–]); and group III (including type 2 diabetic patients
with stable CAD – CAD[+]). Patients in group III received
adjunct treatment of antioxidant tablets for three months.
The results of the present study clearly indicated that
there was excessive exposure to oxidative stress in diabetic
patients. The increase in free radicals was coupled with
disturbance in free radical scavengers, particularly the
glutathione system. The disturbance was more prominent
in CAD(+) patients. The study has shown alteration in the
lipid profile in diabetic groups, where the oxidised
LDL (ox-LDL) levels were significantly higher than in
control subjects. Diabetics with CAD had higher levels
of ox-LDL than did patients without CAD. The
intima/media thickness (IMT) of the carotid artery was
within clinically accepted normal values if the ox-LDL level
was below 100–110 u/L. Once the ox-LDL exceeded this
range, IMT increased sharply with the increase in plasma
ox-LDL. It seems that the level of ox-LDL should be
kept below an upper limit of the 100–110 u/L range in
order to avoid the serious atherosclerotic effects of this
factor. The results demonstrate that plasma levels of
ox-LDL correlate with the extent of coronary artery disease
in type 2 diabetic patients and suggest that elevated
levels of ox-LDL, can serve as an independent and
significant predictor for future cardiac events in type 2
diabetic patients with CAD.
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diabetic patients not suffering from cardiac complications, as
judged from disease history and clinical criteria such as the
absence of hypertension or cardiac arrhythmia or
abnormalities
on
electrocardiograph
(ECG)
or
echocardiography. Other hepatic or renal functions
(especially microalbuminuria) were within the clinically
acceptable range. Ages ranged from 39 to 72 years and the
reported durations of their diabetes were between two and
eight years. These patients were among those seen on a
regular basis by the medical staff in the diabetes out-patient
clinic of the Medical Research Institute hospital.
Group III (CAD[+]) included 15 type 2 diabetic patients
with stable coronary artery disease. They were among the
patients diagnosed, treated and followed-up in the
cardiology unit of the Medical Research Institute hospital.
Their ages ranged from 46 to 72 years. After establishing the
baseline values for different studied parameters, patients in
this group received adjunct treatment of antioxidant tablets
for three months and the assessed parameters were
re-evaluated after three months of supplementation.
At the time of the study, all diabetic patients in groups II
and III were treated with diet control and oral antidiabetic
agents. Most (22 out of 30 patients) were being treated with
a combination of a sulphonylurea, either chlorpropamide
(100–250 mg daily) or glyburide (2.5–5 mg daily), and
metformin (500 mg 2–3 times daily). One patient was on
glyburide (5 mg daily), while seven were on rosiglitazone
(2–4 mg, three times a day). Prescribed dosages were
individualised according to patient requirements.
Supplementation in group III patients consisted of
antioxidant tablets containing 30 mg vitamin E, 100 mg
ascorbic acid, 5.54 mg vitamin A acetate, 50 µg selenium and
105 mg medical yeast.
Criteria for exclusion from the study included a history of
ketoacidosis, renal or liver dysfunction, smoking, use of
vitamins or antioxidant supplements, treatment with lipidlowering agents, or other drugs known to affect serum
lipids.
Biochemical assays
Fasting plasma glucose level was
determined by the glucose oxidase
method.7 Glycated haemoglobin (HbA1c)
was determined using a turbidimetric
inhibition immunoassay for haemolysed
whole blood.8
Determination of the lipid pattern
included assays for triglycerides (TG),9
total cholesterol (TC)10 and high-density
lipoprotein cholesterol (HDL-C).11 Serum
apolipoprotein B (apo-B) was assayed by
immunonephelometry12 using a kit (Dade
Behring, Germany).
The quantitative measurement of oxLDL in human plasma was carried out
using the Mercodia ox-LDL enzymelinked immunosorbent assay (ELISA)
kit
(Mercodia,
Sweden).13
Serum
autoantibodies against ox-LDL (ox-LDLAb) were determined using an enzyme
immunoassay (EIA) kit (Biomedica, USA).14
Also, the susceptibility of LDL to
in vitro oxidation was assayed by its ability

to form peroxides following incubation with copper and
hydrogen peroxide, measuring the thiobarbituric acid
reactive substances (TBARS) produced according to the
method described by Scoccia et al.15 The lipid peroxidation
was measured as TBARS.16
The enzymatic method described by Griffith17 was used to
measure the plasma total glutathione (tGSH) and the
reduced (rGSH) and oxidised (GSSG) fractions. The Nernst
equation was used to calculate the plasma redox potential.18
The total antioxidant status (TAS) was measured in serum
using a commercially available kit (Randox, UK).
Statistical analysis
All data are presented as mean±SD. A one-way analysis of
variance (ANOVA) was performed on each variable and the
Bonferroni statistics employed to compare the mean values
from the groups of diabetic patients and the control group.
Paired t-test was used to assess the effect of antioxidant
treatment in the CAD(+) diabetic group at one and three
months. The Kolmogorov-Smirnov test was used to study
the normal distribution of the studied parameters.
Differences were considered significant at P<0.05. All
statistical analyses were performed using SPSS statistical
software (version 10).

Results
The results of the control of glycaemia and the lipid profiles
in the different studied groups are summarised in Table 1. As
expected, diabetic patients showed higher fasting glucose
levels than did the controls. At the start of the study, CAD(+)
patients had slightly higher glucose levels than did CAD(–)
patients. Compliance with treatment throughout the study
period was good, as judged by HbA1c levels.
The lipid pattern of type 2 diabetics showed deviation
from non-diabetic controls in all lipid fractions assessed.
Triglycerides showed a definite increase in the CAD(–) and
CAD(+) groups, and the concentrations of TC in diabetics

Table 1. Clinical and biochemical characteristics of the study groups.

Age (years)
Gender (M/F)

Control

CAD(–)

CAD(+)

n=15

n=15

n=15

44.6±8.0

48.3±6.8

47.6±7.5

8/7

8/7

8/7

Fasting glucose (mmol/L)

4.9±0.37

10.6±2.31*

11.7±2.68*

HbA1c (%)

4.7±0.43

7.6±0.84*

7.94±0.80*

TG (mmol/L)

1.44±0.39

*

2.41±0.53
*

2.56±0.45*
5.0±0.49*

TC (mmol/L)

4.6±0.47

4.9±0.44

LDL-C (mmol/L)

2.58±0.44

2.79±0.32

1.33±0.15

*

1.02±0.1*

*

HDL-C (mmol/L)

1.03±0.13

2.87±0.53

LDL/HDL

1.98±0.44

2.77±0.52

2.83±0.26*

TC/HDL

3.48±0.48

4.91±0.76*

4.94±0.66*

0.96±0.19

*

1.27±0.35*

Apo-B (g/L)
Data presented as mean±SD.
*

Significantly different from control group
by one-way ANOVA (P<0.05).
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were, in general, somewhat higher than in
the normal controls (Table 1); however, no
detectable differences was seen between
the CAD(–) and CAD (+) patients. The
percentage difference in TC among
different studied groups were almost
matched by the differences in LDL-C. This
was accompanied by a small decrease in
high-density lipoprotein cholesterol (HDLC) in diabetic patients. Treatment with
adjunct antioxidants did not have any effect
on the lipid profiles in CAD(+) patients
during the follow-up period (Table 2).
It should be noted that despite the
absence of change in LDL-C and HDL-C,
ratios of LDL-C:HDL-C and TC:HDL-C
showed some interesting changes. LDLC:HDL-C ratio in the diabetics (CAD[–] and
CAD[+]) were about 1.4 times that of the
control group. In CAD(+), the ratio
declined slowly with antioxidant therapy
(Table 2). TC:HDL-C ratio showed the same
pattern with the same ratios among
different groups (Table 1).
Apo-B was higher in type 2 diabetic
patients compared with controls. As with all
other lipid parameters, apo-B was
refractory to change following treatment
with antioxidants.
Increased production of TBARS as a
reflection of oxidative stress was clear in
type 2 diabetics (Table 3), and CAD(+)
patients suffered a stronger oxidative stress
than did CAD(–) patients. Treatment with
antioxidants was effective in alleviating the
stressful condition. Even in the short
follow-up period of three months, the level
of TBARS slowly but steadily declined
towards the normal control value (Table 4).
Levels of total and reduced GSH were
much lower in diabetes, especially in the
CAD(+) patients compared to controls
(Table 3). The decrease was more
pronounced in reduced GSH. The
antioxidant treatment quickly improved
this situation as the level of total and
reduced GSH showed a steady increase
during the follow-up period. (Table 4).
In contrast to reduced GSH, plasma
concentration of GSSG was higher in
diabetics than in control subjects, being
three-fold higher than the control value in
the CAD(–) group, while in CAD(+)
patients it was 3.25-fold higher. The
antioxidant adjunct treatment for one
month did not correct the GSSG level, but
the level was decreased by the end of the
third month (Table 4).
From the obtained glutathione values, the
calculated redox potential of plasma clearly
indicated a more oxidative environment in
diabetics than control subjects (Table 3). The
GSH:GSSG ratio also decreased in the

Table 2. Effect of antioxidant treatment on biochemical
characteristics in the CAD(+) group.

CAD(+)
Baseline

1 month

3 months

Fasting glucose (mmol/L)

11.7±2.68

11.4±2.54

11.1±2.45

HbA1c (%)

7.94±0.80

7.89±0.78

7.33±0.74

TG (mmol/L )

2.56±0.45

2.54±0.51

2.49±0.45

TC (mmol/L)

5.0±0.49

5.0±0.39

4.9±0.41

LDL-C (mmol/L)

2.87±0.53

2.79±0.46

2.77±0.46

HDL-C (mmol/L)

1.02±0.11

1.06±0.13

1.08±0.11

LDL/HDL

2.83±0.26

2.68±0.64

2.57±0.63

TC/HDL

4.94±0.66

4.78±0.78

4.65±0.65

Apo-B (g/L)

1.27±0.35

1.22±0.35

1.22±0.29

CAD(–)

CAD(+)

Data presented as mean±SD.

Table 3. Oxidative stress and antioxidant parameters
in the plasma of the groups studied.

Control
TBARS (nmol/mL)

3.14±0.39

*

5.08±0.55*,†

*

4.51±0.41

tGSH (nmol/mL)

2.82±0.51

1.72±0.34

1.28±0.07*,†

rGSH (nmol/mL)

2.57±0.52

1.02±0.34*

0.50±0.14*,†

0.12±0.02

*

0.39±0.07*

*

GSSG (nmol/mL)
GSH/GSSG
Redox potential (mV)
TAS (mmol/L)

0.35±0.11

21.75±6.45

3.31±1.78

1.39±0.72*,†

138±6.2

100±12.2*

81±8.8*,†

1.33±0.17

*

1.02±0.11

0.97±0.10*

Data presented as mean±SD.
*

Significantly different from control subjects
by one-way ANOVA (P<0.05).

†

Significantly different from group II diabetic patients
by one-way ANOVA (P<0.05).

Table 4. Effect of antioxidant treatment on oxidative stress
and antioxidant parameters in the plasma of CAD(+) group.

CAD(+)
Baseline

1 month

5.08±0.55

4.75±0.54

3.94±0.49*,†

tGSH (nmol/mL)

1.28±0.07

*

1.82±0.31

2.34±0.39*,†

rGSH (nmol/mL)

0.50±0.14

1.05±0.30*

1.71±0.32*,†

TBARS (nmol/mL)

3 months

GSSG (nmol/mL)

0.39±0.07

0.39±0.13

0.31±0.07

GSH/GSSG

1.39±0.72

3.07±1.61*

5.68±1.29*,†

81±8.8

100±9.1*

115±4.5*

Redox potential (mV)
TAS (mmol/L)

0.97±0.10

*

1.12±0.11

1.3±0.10*,†

Data presented as mean±SD.
*

Significantly different from baseline of group III diabetic patients
by paired t-test (P<0.05).

†

Significantly different from one month treatment of group III diabetic patients
by paired t-test (P<0.05).
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plasma of diabetics (Table 3). As might be expected, adjunct
antioxidant therapy greatly improved the GSH:GSSG ratio.
Also, the redox environment of the plasma was improved by
19% in the first month and by 41.9% at the end of the third
month (Table 4).
Total antioxidant status was below normal in both CAD(–)
and CAD(+) patients (Table 3). With adjunct antioxidant
therapy, the TAS value increased quickly to reach levels
comparable to those of the non-diabetic controls by the end
of the three-month follow-up period (Table 4).
Despite the absence of change in LDL values and
refractoriness of LDL to change by antioxidant adjunct
therapy, ox-LDL showed different results (Fig. 1). A clear
distinct increase in ox-LDL level compared to controls was
present in the CAD(–) patients (26.1%) and in the CAD(+)
patients (81.6%). However, it responded favourably to
antioxidant therapy. The change in mean plasma ox-LDL
level in CAD(+) patients closely correlated with the average
TAS over the follow-up period (Fig. 2).
Differences were also detected in ox-LDL-Ab among the
groups (Fig. 3). It showed a higher level in diabetics
compared to controls, but no significant change was
detected between CAD(+) and CAD(–) patients. Adjunct
treatment resulted in a rapid decrease in ox-LDL-Ab. A
strong correlation was obtained between the change in the
mean ox-LDL level and its antibodies in CAD(+) patients
throughout the follow-up period (Fig. 4). It was also noted
that in vitro susceptibility of LDL to oxidation was
significantly higher in type 2 diabetics (Fig 5). Moreover,
LDL in CAD(+) diabetics was more prone to oxidation than
it was in CAD(–) diabetics. There was also a stepwise
decrease in the susceptibility of LDL to oxidation with
duration of antioxidant therapy.
The intima/media thickness (IMT) of the carotid artery
was measured to give a reflection of the degree of
atherosclerosis in CAD(+) type 2 diabetic patients. The
average IMT at the beginning of the study was 0.98±0.18 mm,

and the relationship between IMT and plasma ox-LDL is
presented in Figure 6. It can be seen that IMT did not exceed
the upper normal limit of 0.8 mm until the ox-LDL level
exceed 100–110 u/L. Above this value, IMT increased sharply
with the increase in ox-LDL.

Discussion
As hyperglycaemia is the hallmark of diabetes mellitus, it is
logical to find higher fasting plasma glucose levels in
diabetics. However, no significant difference was observed
between CAD(–) and CAD(+) patients in this study. The
addition of antioxidant to the treatment regimen in the
CAD(+) group resulted in improvement in glycaemic status,
represented by decreases in the fasting glucose and HbA1c
levels. The changes may reflect a tendency towards overall
improvement in general health and tissue metabolic status
and alleviation of oxidative stress.
The present study clearly indicates a definite
overproduction of free radicals and oxidative stress in
diabetes, as reflected by increased levels of TBARS and
GSSG. Moreover, diabetics with CAD were exposed to a
higher oxidative stress state than were patients without such
disease. These findings are compatible with many reports in
the literature.19 Hyperglycaemia can increase oxidative stress
through several pathways. It appears that many reactions
associated with hyperglycaemia may acutely and chronically
increase the production of free radicals, resulting in an
oxidant/antioxidant imbalance.20
The increase in oxidative stress was coupled with a
disturbance in free radical scavengers, particularly the
glutathione system. As the dominant non-protein thiol, GSH
represents the single largest source of reducing equivalents in
the cell, and accounts for about 90% of reducing equivalents.21
Therefore, the depletion of GSH could affect the overall redox
potential significantly. The present study found decreased

140
120

a,b

120
100

c

a

80

100

ox-LDL (u /L)

ox-LDL (u /L)

112

60

80

base line
after one month
after 3 months

60

40

40

20

20

0

0

base line
control

CAD(-)

1 month

3 months

CAD(+)

Fig. 1. The plasma level of oxidised-LDL (ox-LDL, u/L) in the nondiabetic control subjects and in the type 2 diabetic groups (CAD[–]
and CAD[+]). Data presented as mean±SD. aSignificantly
different from control subjects by ANOVA (P<0.05); bSignificantly
different from group II diabetic patients by ANOVA (P<0.05);
c
Significantly different from baseline of group III diabetic patients
by paired t-test (P<0.05).
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Fig. 2. Relationship between the change in the mean ox-LDL level
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three months’ adjunct antioxidant therapy.
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levels of total and reduced GSH, while GSSG was increased in
diabetics, especially in the CAD(+) group.
Many investigations have reported a lower concentration
of GSH in the plasma of diabetic patients.22 By inspecting the
calculated redox potential in the present study, it became
clear that the redox potential for the diabetic groups was
shifted towards the oxidising side, and the supplementation
of CAD(+) patients with a antioxidant combination for three
months partially correct the balance of GSH/GSSG to restore
the reducing potentials.
In addition, the study found a clear deficiency in TAS in
diabetic patients. Studies have consistently demonstrated a
deficiency in individual antioxidants in type 2 diabetic
patients. The lower concentrations of glutathione, vitamins
E and C and in the reduced activity of the antioxidant
enzymes superoxide dismutase (SOD) and catalase, as well
as a decrease in total radical trapping antioxidant parameter
(TRAP), all suggest a reduced total antioxidant defence.23
Supplementation with known free radical scavengers such
as vitamins E and C have a potential role in boosting
antioxidant defence.24,25
Scavenging antioxidants act synergistically, 26 so
supplementation with two or more may enhance their
individual effects. Jain et al.27 reported that vitamin E
supplementation can increase cellular glutathione
concentrations, probably as a result of sparing by vitamin E
of glutathione utilisation for the scavenging of lipid
peroxidation reactions.
The present study shows alteration in the lipid profile in
diabetic groups as compared to the healthy control subjects.
The two diabetic groups had significant increases in
triglyceride levels, moderately raised cholesterol levels, and
lower levels of HDL-C compared to the control group. On
the other hand, LDL-C concentrations were very similar in
the control and diabetic groups. The lipid abnormalities
found in the diabetic groups are in agreement with results
reported elsewhere.28

The abnormalities in insulin action, not hyperglycaemia
per se, are associated with this lipid abnormality,29 which
would explain the lack of correlation observed in the present
study between hyperglycaemia and the changes in the
pattern of different lipid fractions. Although LDL is not
usually increased in diabetes, as qualitative changes in LDLC may be present. In part, this may represent a balance of
factors that affect LDL production and catabolism.
Apolipoprotein B is the protein moiety of LDL. The clinical
interest in this protein lies in the fact that it provides a
relatively accurate estimate of circulating LDL particle
numbers.30 The present study showed that apo-B serum
concentration was significantly elevated in the diabetic
groups. This parallels the results from several studies
showing that apo-B levels are elevated in type 2 diabetes.31,32
Low-density lipoprotein may be modified by oxidation,
which would make it more atherogenic, and LDL oxidation
plays a key role in atherogenesis.33
Following the transport of LDL into the artery wall, its
oxidation can occur in the microenvironment of the
subendothelial space or it can be cell-mediated, and the
process is known to be dependent on superoxide generated
in endothelial cells during mitochondrial respiration.34 In the
present study, it was found that circulating ox-LDL levels in
patients with type 2 diabetes were significantly higher than
in control subjects. In addition, CAD(+) diabetic patients
had higher levels of ox-LDL than did CAD(–) patients. These
results agree with other published data.
The work of Holvoet et al.,5 who used immunological
techniques to measure circulating levels of ox-LDL and
MDA-LDL, supports the fact that LDL containing oxidationspecific epitopes seems to differentiate normal patients from
patients with CAD, transplant atherosclerosis and acute
coronary syndrome (ACS). Other studies have
demonstrated that ox-LDL levels are significantly higher in
patients with diabetes mellitus than in control subjects, and
that high levels of circulating ox-LDL can serve as an
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Fig. 3. The plasma level of oxidised-LDL antibodies (ox-LDL-Ab,
mu/mL) in the non-diabetic control subjects and in the type 2
diabetic groups (CAD[–] and CAD[+]). Data presented as mean±SD.
a
Significantly different from control subjects by ANOVA (P<0.05);
c
Significantly different from baseline of Group III diabetic patients by
paired t-test (P<0.05).

Fig. 4. Relationship between the change in the mean ox-LDL level
with the change in ox-LDL-Ab in the plasma of CAD(+) patients
during the 3 months adjunct antioxidant therapy.

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2007 64 (3)

113

Modified LDL and coronary artery disease in diabetes

independent and significant predictor for future cardiac
events in type 2 diabetic patients with CAD.36
At present, the IMT is the best-studied sonographic
marker for early atherosclerotic vascular wall lesions.37
A thickening of the intima/media complex not only reflects
local alterations, mostly of the common carotid artery,
but also corresponds to generalised atherosclerosis.
A direct correlation between IMT and the risk of
myocardial infarction and stroke in a population of
patients without prior history of vascular disease has been
shown.38 Using ultrasonography, the present study
demonstrated that diabetic patients with CAD had
increased IMT of the carotid arteries, and a relationship was
found between the level of circulating ox-LDL and
thickening of the carotid artery intima/media, which
deserves further comment. From the results of the present
study (Fig. 6) it can be seen that IMT was within the clinically
accepted normal values (≤ 0.8 mm) if ox-LDL level was
below 100–110 u/L. Once the ox-LDL exceeded this range,
IMT increased sharply with plasma ox-LDL. Thus, ox-LDL
level should be kept below the upper limit of 100–110 u/L
in order to avoid the serious atherosclerotic effects of
this factor.
Although adjunct therapy with an antioxidant mixture
improved total antioxidant status in the treated diabetic
patients, resulting in a significant decrease in ox-LDL, there
was no immediate reciprocal effect on IMT. It is possible that
more time is required for mobilisation of the cholesterol
precipitated in the atheromatous plaques. Supplementation
with exogenous antioxidants is expected to give rapid
improvement in the antioxidant status, leading to
suppression of free radical production and consequent
decrease in ox-LDL; however, mobilisation or decrease in the
size of atheromatous plaques is likely to proceed at a slower
rate, but this could be expedited by the use of hypolipidimic
agents.
Oxidative modification of the apolipoprotein moiety of

LDL makes it antigenic, resulting in the production of
autoantibodies against ox-LDL. These autoantibodies may
reflect LDL oxidation in vivo.39 In the present study, the
antibody reactivity level against ox-LDL was significantly
higher in diabetic patients than in controls, but no significant
difference was seen between the two diabetic groups. The
presence of antibodies against ox-LDL in patients with
diabetes has been reported by several investigators,40 and
some studies suggest that the presence of high-titre
autoantibodies against ox-LDL is associated with the
severity of carotid atherosclerosis.39
A very encouraging observation in the present study is the
favourable response of ox-LDL levels to antioxidant adjunct
therapy. Many studies indicate that α-tocopherol
supplementation decreases susceptibility of LDL to
oxidation.41 Epidemiological studies also support the
hypothesis that higher dietary intake of α-tocopherol is
associated with decreased risk for coronary heart disease42
and reduced LDL oxidisability. 43 Ascorbate, another
component of the antioxidant mixture used in the present
study, can help to reduce lipid hydroxyl radicals or recycle
the one-electron-oxidised forms of lipid-soluble
antioxidants.
Ascorbate is well known to recycle the α-tocopheroxyl
radical.44 Moreover, as a co-antioxidant, vitamin C can
prevent the pro-oxidant properties of the α-tocopheroxyl
radical.45 Carr et al.46 found that physiological concentrations
of vitamin C can protect LDL lysine and tryptophan residues
from oxidation and can partially protect LDL cysteine
residues.
The antioxidant adjunct treatment used here also
contained selenium, which is a major antioxidant trace
element and is the co-factor of glutathione peroxidase
(sGPx). Low sGPx activity observed in diabetic patients is
associated
with
thrombosis
and
cardiovascular
complications.47
From the data obtained in the present study and the
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Fig. 5. The susceptibility of LDL to oxidation (nmol MDA/mg LDLprotein) in the non-diabetic control subjects and in the type 2
diabetic groups (CAD[–] and CAD[+]). Data presented as mean±SD.
a
Significantly different from control subjects by ANOVA (P<0.05);
c
Significantly different from baseline of Group III diabetic patients by
paired t-test (P<0.05); dSignificantly different from one month
treatment of Group III diabetic patients by paired t-test (P<0.05).
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subsequent discussion, it is clear that plasma levels of oxLDL correlate with the extent of CAD in type 2 diabetic
patients, and suggest that elevated levels of ox-LDL, rather
than ox-LDL antibodies, can serve as an independent and
significant predictor for future cardiac events in type 2
diabetic patients with CAD.
5

References
1

2

3
4
5
6

7

8
9
10
11
12

13

14

15

16
17

18

19

Sherwin RS. Diabetes mellitus. In: Bennett JC, Plum F eds. Cecil’s
textbook of medicine 20th edn. Philadelphia: Saunders, 1996:
1258–77.
Haffner SM; American Diabetes Association. Management of
dyslipidemia in adults with diabetes. Diabetes Care 2003; 26:
S83–S86.
Baynes JW. Role of oxidative stress in development of
complications in diabetes. Diabetes 1991; 40: 405–12.
Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis.
Circulation 2002; 105: 1135–43.
Jessup W, Kritharides L. Metabolism of oxidized LDL in the
macrophages. Curr Opin Lipidol 2000; 11: 473–81.
Chen CH, Jiang W, Via DP et al. Oxidized low density
lipoprotein inhibit endothelial cell proliferation by suppressing
basic fibroblast growth factor expression. Circulation 2000; 101:
171–7.
Trinder P. Determination of glucose in blood using glucose
oxidase with an alternative oxygen acceptor. Ann Clin Biochem
1969; 6: 24–7.
Karl J. Development and standardization of a new
immunoturbidimetric HbA1c Assay. Klin Lab 1993; 39: 991–6.
Buccolo G, David H. Quantitative determination of serum
triglycerides by the use of enzymes. Clin Chem 1973; 19: 476–82.
Allain CC, Poon LS, Chan CSG, Richmond W, Fu PC. Enzymatic
determination of total cholesterol. Clin Chem 1974; 20: 470–5.
Albers JJ, Warmick GR, Cheny MC. Determination of HDL-C.
Lipids 1978; 13: 926–32.
Steinmetz J, Tarallo P, Fournier B, Caces E, Siest G. Reference
limits of apolipoprotein A-I and apolipoprotein B using an IFCC
standardized immunonephelometric method. Eur J Clin Chem
Clin Biochem 1995; 33: 337.
Holvoet P, Mertens A, Verhamme P et al. Circulating oxidized
LDL is a useful marker for identifying patients with coronary
artery disease. Arterioscler Thromb Vasc Biol 2001; 21: 844–8.
Inoue T. Clinical significance of antibody against oxidized low
density lipoprotein in patients with atherosclerotic coronary
artery disease. J Am Coll Cardiol 2001; 37: 775–9.
Scoccia AE, Molinuevo MS, McCarthy AD, Cortizo AM. A simple
method to assess the oxidative susceptibility of low density
lipoproteins. BMC Clin Pathol 2001; 1: 1–6.
Draper HH, Hadley M. Malondialdehyde determination as
index of lipid peroxidation. Methods Enzymol 1990; 186: 421–31.
Griffith OW. Determination of glutathione and glutathione
disulfide using glutathione reductase and 2-vinyl pyridine.
Anal Biochem 1980; 106: 207–12.
Schafer FQ, Buettner GR. Redox environment of the cell as
viewed through the redox state of the glutathione
disulfide/glutathione couple. Free Radic Biol Med 2001; 30:
1191–212.
Sundram RK, Bhaskar A, Vijayalingam S, Viswanathan M,
Mohan R, Shanmugasun-Daram KR. Antioxidant status and
lipid peroxidation in type II diabetes mellitus with and without
complications. Clin Sci 1996; 90: 255–60.

20 Giugliano D, Ceriello A, Paolisso G. Oxidative stress and diabetic
vascular complications. Diabetes Care 1996; 19: 257–67.
21 Lu SC. Regulation of hepatic glutathione synthesis: current
concepts and controversies. FASEB J 1999; 13: 1169–83.
22 Samiec PS, Drews-Botsch C, Flagg EW et al. Glutathione in
human plasma: decline in association with aging, age-related
macular degeneration, and diabetes. Free Radic Biol Med 1998;
24: 699–704.
23 Vijayalingam S, Parthiban A, Shanmugasundaram KR, Mohan V.
Abnormal antioxidant status in impaired glucose tolerance and
non-insulin-dependent diabetes mellitus. Diabetic Med 1996;
13: 715–9.
24 Dieber-Rotheneder M, Puhl H, Waeg G, Striegl G, Esterbaur H.
Effect of oral supplementation with D-tocopherol on the
vitamin E content of human low density lipoproteins and
resistance to oxidation. J Lipid Res 1991; 32: 1325–32.
25 Porkkala-Sarataho E, Nyyssnen K, Salonen JT. Increased
oxidation resistance of atherogenic plasma lipoproteins at high
vitamin E levels in non-vitamin E supplemented men.
Atherosclerosis 1996; 124: 83–94.
26 Freisleben H, Packer L. Free radical scavenging activities,
interactions and recycling of antioxidants. Biochem Soc Trans
1993; 21: 325–30.
27 Jain SK, Mc Vie R, Smith T. Vitamin E supplementation restores
glutathione and malondialdehyde to normal concentrations in
erythrocytes of type 1 diabetic children. Diabetes Care 2000;
23: 1389–94.
28 Laakso M, Lehto S, Penttila I, Pyorala K. Lipids and lipoproteins
predicting coronary heart disease mortality and morbidity in
patients with non-insulin-dependent diabetes. Circulation 1993;
88: 1421–30.
29 Goldberg IJ. Diabetic dyslipidemia: causes and consequences.
J Clin Endocrinol Metab 2001; 86: 965–71.
30 Lamarche B, Tchernof A, Mauriège P et al. Fasting insulin and
apolipoprotein B levels and low-density lipoprotein particle size
as risk factors for ischemic heart disease. JAMA 1998; 279:
1955–61.
31 Wagner AM, Perez A, Calvo F, Bonet R, Castellvi A,
Ordonez J. Apolipoprotein(B) identifies dyslipidemic
phenotypes associated with cardiovascular risk in normocholesterolemic type 2 diabetic patients. Diabetes Care 1999;
22: 812–7.
32 Hegele RA, Harris SB, Zinman B, Hanley AJ, Connelly PW.
Increased plasma apo-lipoprotein B-containing lipoproteins
associated with increased urinary albumin within the
microalbuminuria range in type 2 diabetes. Clin Biochem 1999;
32: 143–8.
33 Steinberg D. Oxidative modification of LDL and atherogenesis.
Circulation 1997; 95: 1062–71.
34 Mabile L, Meihac O, Escargueil-Blanc I et al. Mitochondrial
function is involved in LDL oxidation mediated by human
cultured endothelail cells. Arterioscler Thromb Vasc Biol 1997;
17: 1575–82.
35 Holvoet P, Vanhaecke J, Janssens S. Oxidized LDL and
malondialdehyde-modified LDL in patients with acute
coronary syndromes and stable coronary artery disease.
Circulation 1998; 98: 1487–94.
36 Shimada K, Mokuno H, Matsunaga E et al. Predictive value of
circulating oxidized LDL for cardiac events in type 2 diabetic
patients with coronary artery disease. Diabetes Care 2004; 27:
843–4.
37 Simons PC, Algra A, Bots ML, Grobbee DE, van der Graaf Y.
Common carotid intima-media thickness and arterial stiffness:

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2007 64 (3)

115

116

Modified LDL and coronary artery disease in diabetes

38

39

40

41

42

indicators of cardiovascular risk in high-risk patients. The
SMART Study (Second Manifestations of ARTerial Disease).
Circulation 1999; 100: 951–7.
O’Leary D, Polak J, Kronmal R, Manolio TA, Burke GL, Wolfson
SK Jr. Carotid-artery intima and media thickness as a risk factor
for myocardial infarction and stroke in older adults. N Engl J
Med 1999; 340: 14–22.
Salonen JT, Yla-Herttuala S, Yamamoto R et al. Autoantibodies
against oxidized LDL and progression of carotid atherosclerosis.
Lancet 1992; 339: 883–7.
Mironova MA, Klein RL, Virella GT, Lopes-Virella MF. Antimodified LDL antibodies, LDL-containing immune complexes
and susceptibility of LDL to in vitro oxidation in patients with
type 2 diabetes. Diabetes 2000; 49: 1033–41.
Anderson JW, Gowri MS, Turner J et al. Antioxidant
supplementation effects on low-density lipoprotein oxidation
for individuals with type 2 diabetes mellitus. J Am Col Nutr 1999;
18: 451–61.
Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA,

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2007 64 (3)

43

44
45

46

47

Willett W. Vitamin E consumption and the risk of coronary heart
disease in men. N Engl J Med 1993; 328: 1450–6.
Fuller CJ, Chandalia M, Garg A, Grundy SM, Jialal I. RRR–alphatocopherol acetate supplementation at pharmacological doses
decreases low-density-lipoprotein oxidative susceptibility but
not protein glycation in patients with diabetes mellitus. Am J
Clin Nutr 1996; 63: 753–9.
May JM. Is ascorbic acid an antioxidant for the plasma
membrane? FASEB J 1999; 13: 995–1006.
Upston JM, Terentis AC, Stocker R. Tocopherol-mediated
peroxidation of lipoproteins: implications for vitamin E as a
potential antiatherogenic supplement. FASEB J 1999; 13: 977–94.
Carr AC, Tijerina T, Frei B. Vitamin C protects against and
reverses specific hypochlorous acid- and chloramine-dependent
modifications of low-density lipoprotein. Biochem J 2000; 346:
491–9.
Faure P. Protective effects of antioxidant micronutrients
(vitamin E, zinc and selenium) in type 2 diabetes mellitus.
Clin Chem Lab Med 2003; 41: 995–8.

