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1. Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease 
characterized by hyperglycemia and dyslipidemia due 

to pancreatic β-cell dysfunction and insulin resistance. 
Usually, insulin resistance of target tissues such as the 
liver, muscles and fat stores precedes the onset of T2DM 
by many years, resulting in an initial hyperinsulinemia 
and followed by a consequent deficiency of insulin 
secretion by pancreatic beta cells. Impaired insulin 
secretion by the islet cells and impaired insulin action 
through insulin resistance are the hallmarks in type 
2 diabetes (1). The disease is largely responsible to 
macrovascular (coronary heart disease, peripheral 
vascular disease and stroke), microvascular (neuropathy, 
retinopathy and nephropathy) and both micro- and 
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macrovascular (diabetic foot) complications, which are 
the main reason for the mortality and morbidity (2). 
 It has been shown that oxidative stress via the 
production of larger amounts of reactive oxygen species 
(ROS) is implicated in the progression of insulin 
resistance, pancreatic β-cell dysfunction as well as in 
vascular degeneration processes and the accelerated 
atherosclerosis in T2DM (3,4).  The metabolic 
abnormalities of diabetes cause mitochondrial superoxide 
overproduction in endothelial cells of both large and 
small vessels (5). It is considered that not only constant 
chronic hyperglycemia but also fluctuating blood 
glucose concentrations (6,7) mediates oxidative stress 
mechanisms through various pathways under diabetic 
condition, namely the nonenzymatic glycosylation 
reaction (8), the electron transport chain in mitochondria 
and membrane-bound nicotinamide adenine dinucleotide 
phosphate oxidase (NADPH oxidase) (9). Once formed, 
free radicals – ROS, reactive nitrogen species (RNS), 
which are short lived, but highly reactive species trigger 
cells damage through interaction with a broad range of 
cell components and biological molecules such as lipids 
(10), proteins (11) and nucleic acids (12), thus involving 
in the pathogenesis of distinct pathological conditions. 
 The aim of this study was to investigate serum levels 
of various biomarkers of oxidative stress: ROS, nitric 
oxide radicals (•NO), and those reflecting oxidative 
damages to proteins, lipids, and deoxyribonucleic 
acid (protein carbonyl groups, malondialdehyde and 
8-hydroxy-2'-deoxyguanosine) in T2DM with vascular 
complications as compared to healthy subjects, and 
to determine their predictive value. Further, we have 
explored their alterations and relationships to disease 
characteristics.

2. Materials and Methods

2.1. Study subjects

T2DM patients referred to Endocrinology Clinic 
of University Hospital "Prof. Dr. St. Kirkovich" in 
Stara Zagora, Bulgaria, all fulfilled the WHO criteria 
(13) were included. The study population consisted 
of 93 type 2 diabetic patients with diabetes-specific 
complications, 94 healthy controls with normal 
glucose tolerance tests and absence of a history of 
either vascular disease or dyslipidemia and 16 newly 
diagnosed T2DM patients without manifestations of 
vascular disease. 
 Clinical and medical history data including 
obesity based on body mass index (BMI) > 30 kg/
m²; therapy for diabetes, were recorded for each 
patient. Patients were defined as having suffered a 
cardiovascular event if they had coronary heart disease, 
cerebrovascular disease, and/or peripheral artery 
disease. Diabetic microangiopathy complications 
(neuropathy, retinopathy and nephropathy) were based 

on physician diagnosis and/or microalbuminuria, 
the earliest marker of renal damage, for the latter. A 
venous blood of patients and controls was collected in 
the morning after an overnight fasting for lipid profile 
analysis. Fasting plasma glucose concentrations (FPG) 
and glycated hemoglobin (HbA1c %), representing 
an average measure of glycemic exposure over time, 
were measured as parameters for glycemic control. 
Poor glycemic control was taken at HbA1c values > 
7% and FPG > 6.1 mmol/L. Subjects were excluded if 
they had a history of malignancy, exacerbated cardiac 
and renal failure, any other hormonal illness, diabetic 
ketoacidosis, antioxidant supplement intake and/or 
current active infection. A written informed consent 
was obtained from each participant and the study was 
approved by the Ethics Committee.

2.2. Measurement of oxidative markers

2.2.1. Ex vivo electron paramagnetic resonance (EPR) 
study 

All EPR measurements were performed at room 
temperature on an X-band EMXmicro, spectrometer 
Bruker, Germany, equipped with standard Resonator. 
All EPR experiments were carried out in triplicate and 
repeated thrice. Spectral processing was performed 
using Bruker WIN-EPR and Sinfonia software. 

2.2.2. Ex vivo evaluation the levels of ROS products 

The levels of ROS were determined according Shi 
et al. (14) with some modification. To investigate in 
real time formation of ROS in the sera of patients and 
controls was used ex vivo EPR spectroscopy combined 
with N-tert-butyl-alpha-phenylnitrone (PBN) as a 
spin trapping agent. PBN, upon reaction with unstable 
radical such as ROS, forms a relatively stable spin 
adducts that can be subsequently detected by EPR 
spectroscopy. Briefly, to 100 μL serum was added 
900 μL 50 mM PBN dissolved in dimethyl sulfoxide 
(DMSO) and after centrifugation at 4,000 rpm for 10 
min at 4ºС the EPR spectra were immediately recorded 
in the supernatant. The levels of ROS products were 
calculated as double integrated plots of EPR spectra 
and results were expressed in arbitrary units (arb. 
units). EPR setting were as follows: 3503.73 G center 
field, 20.00 mW microwave power, 5 G modulation 
amplitude, 50 G sweep width, 1 × 105 gain, 81.92 ms 
time constant, 125.95 s sweep time, 5 scans per sample. 

2.2.3. Ex vivo evaluation the levels of •NO radicals 

Based on the methods published by Yoshioka et al. (15) 
and Yokoyama et al. (16) we developed and adapted the 
EPR method for estimation the levels of •NO radicals 
in serum. Briefly, to 50 μM solution of Carboxy. 
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2.3. Statistical analysis

Data were analyzed using SPSS version 13.0 (SPSS Inc., 
Chicago, IL, USA). Means with SDs and percentages 
were calculated to describe clinical and laboratory 
characteristics of the study subjects. Intergroup 
comparisons were performed by an analysis of variance 
(ANOVA), Kruskal-Wallis and Mann-Whitney U tests. 
Proportional differences were tested using the chi-square 
(χ²)/ Fisher's exact tests. Pearson's correlation coefficients 
were calculated to assess univariate correlations between 
the continuous parameters. In the cases, where one of the 
samples is measured as dichotomous, the associations 
were estimated using the biserial correlation coefficient. 
Receiver operating characteristic (ROC) analysis was 
carried out for the evaluation of the diagnostic potential 
of pro-oxidants for T2DM, associated with vascular 
complications. The area under the curve (AUC) was 
calculated, as the diagnostic test that approaches 1 
indicates a perfect discrimination. Sensitivity, specificity, 
positive and negative predictive values according to the 
cutoff values of the oxidative stress parameters related 
to diabetes with induced by it vascular changes were 
calculated. A 2-tailed p values of < 0.05 were considered 
statistically significant

3. Results

3.1. Cohort description

In total, 93 patients with T2DM with diabetes-specific 
vascular complications (male: female subjects 1: 1.3) 
aged 30 to 88 years, mean age 64.2 ± 9.8 years were 
studied. The mean disease duration was 12.7 ± 8.6 
years with a range from 1 to 40. Approximately half 
of the diabetics (58.1%) were obese. Ninety of all 
patients (96.8%) had diabetic neuropathy, 24 (25.8%) 
had retinopathy and 7 (7.5%) had nephropathy. The 
proportion of patients suffering from coronary heart 
disease was 37.6%. Eleven of the patients (11.8%) 
had a medical history of cerebrovascular disease. 
None of the diabetics was presented with symptomatic 
lower extremity arterial disease. The diabetics with 
good glycemic control (39 patients) were taking oral 
hypoglycemic agents (sulphonylureas and biguanides) 
(n =32), as in 6 patient biguanides were combined 
with insulin; and 7 patients were on therapy with 
insulin alone. In the subgroup of diabetic patients 
with poor glycemic control (n =54), 15 were being 
treated with oral hypoglycemic agents (sulphonylureas 
plus biguanides); 39 were insulin-treated; 21 from 
which with the combination of oral drugs (insulin plus 
biguanides). Comparison was done with 94 healthy 
volunteers, 41 men and 53 women, age range from 
35 to 83 years, mean age 56.6 ± 11.2 years. Only 7 
(7.4%) from the non-diabetic controls had slightly 
increased bogy weight (BMI 31 - 33). Participants were 

2-(4-Carboxyphenyl)-4,4,5,5-tetramethylimidazoline-
1-oxyl-3-oxide . potassium salt (PTIO.K) dissolved 
in a mixture of 50 mMTris (рН 7.5) and DMSO in 
a ratio 9:1. To 100 μL serum was added 900 μL Tris 
buffer dissolved in DMSO (9:1) after that the mixture 
is centrifuged at 4000 rpm for 10 min at 4ºС. 100 μL of 
sample and 100 μL 50 mM solution of Carboxy. PTIO 
were mixed and EPR spectra of spin adduct formed 
between the spin trap Carboxy. PTIO and generated 
•NO radicals was recorded. The levels of •NO radicals 
were calculated as double integrated plots of EPR 
spectra and results were expressed in arbitrary units. 
The EPR settings were as follows: 3505 G centerfield, 
6.42 mW microwave power, 5 G modulation amplitude, 
75 G sweep width, 2.5 × 102 gain, 40.96 ms time 
constant, 60.42 s sweep time, 1 scan per sample.

2.2.4. Determination of Lipid Peroxidation Products 
(malondialdehyde)

Total amount of lipid peroxidation products in the plasma 
of healthy volunteers and patients was estimated using 
the thiobarbituric acid (TBA) method of Plaser et al. (17) 
which measures the malondialdehyde (MDA) reactive 
products at 532 nm, and results were expressed in μmol/L. 

2.2.5. Protein Carbonyl Content (PCC)

PCC (nmol/mg) was measured by using a commercial 
enzyme-linked immunosorbent assay (ELISA) kit 
followed manufacturer's instructions. The protein 
carbonyls present in the serum sample or standard 
are derivatized to 2,4-dinitrophenyl (DNP)hydrazone 
and probed with an anti-DNP antibody, followed by a 
horseradish peroxidase (HRP) conjugated secondary 
antibody. The protein carbonyl content in the serum 
sample is determined by comparing with a standard 
curve that is prepared from predetermined reduced and 
oxidized bovine serum albumin (BSA) standards. 

2.2.6. Quantity of 8-Hydroxy-2′-Deoxyguanosine (8-
OHdG)

The measurement of 8-OHdG was carried out using 
commercial ELISA kit, followed manufacturer's 
instructions. The ELISA kit is a competitive enzyme 
immunoassay developed for rapid detection and 
quantitation of 8-OHdG in serum. The serum 8-OHdG 
samples or 8-OHdG standards are coated with BSA 
conjugated 8-hydroxyguanine (8-OHG) on a preabsorbed 
microplate. After a brief incubation, an anti-8-OHdG 
monoclonal antibody is added, followed by a HRP 
conjugated secondary antibody. The 8-OHdG content 
in serum samples is determined by comparison with a 
predetermined 8-OHdG standard curve. The kit has an 
8-OHdG detection sensitivity range of 100 pg/mL to 20 
ng/mL. 
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comparable for sex. Also, for comparison purposes, 
pro-oxidant profiles were examined in a small subset 
(n = 16) of newly diagnosed T2DM patients who had 
no evidence of complications. Table 1 presents key 

characteristics of diabetic patients with related vascular 
disease versus healthy controls.

3.2. Comparisons of serum levels of pro-oxidants 
among study subjects

Oxidative stress levels in circulation, expressed by the 
5 biochemical markers, were considerably higher in 
both T2DM subsets as compared to healthy subjects 
with numerically higher values in those with signs of 
vascular damage (Figure 1, Table 1). No difference in 
serum concentration of all oxidative markers was found 
among obese and non-obese diabetics with vascular 
disease (p > 0.05). The levels of carbonylated proteins, 
ROS and 8-OHdG were significantly increased in 
insufficiently compensated diabetes compared to good 
glycemic control state (8.84 ± 3.95 nmol/mg vs. 6.98 ± 
3.35 nmol/mg, p = 0.019; 2.14 ± 0.76 arb. unit vs. 1.81 
± 0.73 arb. unit, p = 0.031; 3.25 ± 0.65 ng/mL vs. 1.07 
± 0.13 ng/mL, p < 0.001, respectively), while MDA 
and •NO free radicals were estimated equal in these 
settings.

3.3. Relationship between serum concentration of 
oxidative markers and disease characteristics in T2DM 
patients with associated vascular complications

Table 1. General characteristic of the study subjects with T2DM with vascular complications versus healthy controls

Variable

Age (years), mean ± SD
Sex: male/female
Disease duration (years), mean ± SD
BMI (kg/m²), mean ± SD
     BMI  > 30 kg/m², n (%)
FPG (mmol/l), mean ± SD
     FPG > 6.1 mmol/L, n (%)
HbA1c (%), mean ± SD
     HbA1c > 7%, n (%)
Cholesterol (mmol/L), mean ± SD
Triglycerides (mmol/L), mean ± SD
HDL cholesterol (mmol/L), mean ± SD
LDL cholesterol (mmol/L), mean ± SD
Microvascular complications, n (%)
     Neuropathy
     Retinopathy
     Nephropathy
Macrovascular complications, n (%)
     Coronary heart disease
     Cerebrovascular disease
Therapy, n (%)
     Insulin
Insulin + oral hypoglycemic agents
     Oral hypoglycemic agents
ROS [arb. unit], mean ± SD
MDA [μmol/L], mean ± SD
Protein CO groups [nmol/mg], mean ±SD
8-OHdG [ng/mL], mean ± SD
•NO radicals [arb. unit], mean ± SD

Diabetic patients with vascular complications (n = 93)

64.24 ± 9.76
41/52

12.70 ± 8.65
31.52 ± 5.89

54 (58.1)
9.52 ± 5.18
62 (66.7)

8.20 ± 2.06
53 (57.0)

5.12 ± 1.38
2.43 ± 1.27
1.25 ± 0.38
2.86 ± 1.10

90 (96.8)
24 (25.8)
7 (7.5)

35 (37.6)
11 (11.8)

25 (26.9)
27 (29.0)
41 (44.1)

2.01 ± 0.76
3.27 ± 1.01
8.06 ± 3.81
2.34 ± 1.19
31.22 ± 3.98

Controls (n = 94)

56.57 ± 11.19
41/53

–
25.23 ± 3.52

7 (7.4)
4.97 ± 0.32

0 (0)
5.06 ± 0.27

0 (0)
4.43 ± 0.76
1.52 ± 0.44
1.01 ± 0.28
2.32 ± 0.62

–
–
–

–
–

–
–
–

1.19 ± 1.28
2.12 ± 0.55
3.23 ± 2.58
1.24 ± 0.51
4.30 ± 5.01

BMI = body mass index; FPG = fasting plasma glucose; HbA1c = glycated hemoglobin; HDL = high density lipids; LDL = low density lipids; 
ROS = reactive oxygen species; arb. unit = arbitrary unit; MDA = malondialdehyde; 8-OHdG = 8-hydroxy-2'-deoxyguanosine; •NO radicals = 
nitric oxide radicals.

p value

< 0.001
0.948

–
< 0.001
< 0.001
< 0.001

–
< 0.001

–
< 0.001
< 0.001
< 0.001
< 0.001

–
–
–

–
–

–
–
–

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Figure 1. Comparison of the mean serum concentrations of 
the oxidative markers in T2DM patients with and without 
vascular complications versus healthy individuals.  Shown is 
increased oxidative capacity in T2DM patients regardless of the 
presence or absence of vascular disease versus healthy controls. 
The oxidant profiles among both T2DM subsets demonstrated 
significantly higher MDA (p = 0.001) and •NO radicals (p 
< 0.001), a tendency of higher protein carbonyl content (p = 
0.09) in diabetes with evidence of related vascular involvement 
and similar levels of ROS and 8-OHdG (p = 0.147; p = 0.109, 
respectively).
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Serum MDA showed a weak association with fasting 
glucose (r = 0.298, p = 0.004). Calculation of the biserial 
correlation revealed an inverse correlation of MDA with 
diagnosed diabetic neuropathy (r = −0.391, p < 0.001) 
and a weak positive correlation of this pro-oxidant with 
diabetic nephropathy (r = 0.235, p = 0.023). Protein CO 
concentrations in the serum correlated weakly with both 
parameters for glycemic control, fasting plasma glucose 
and glycated hemoglobin (r = 0.231, p = 0.026; r = 
0.260, p = 0.012, respectively). Likewise, systemic levels 
of the 8-OHdG showed a good significant correlation 
with parameters of blood glucose control; with fasting 
glucose (r = 0.585, p < 0.001) and with HbA1c (r = 
0.697, p < 0.001). Plasma 8-OHdG levels correlated 
inversely with the diabetic neuropathy (r = −0.548, p 
< 0.001) and positively with diabetic retinopathy (r = 
0.269, p = 0.009) and history of brain stroke (r = 0.306, 
p = 0.003). We also found a significant relation between 
ROS and diabetic retinopathy (r = 0.307, p = 0.003). No 
association was established for •NO radicals with any 
vascular complication or compensation state of diabetes. 
Most of the tested pro-oxidants correlated with serum 
levels of lipids (data not shown).

3.4. Receiver operating characteristic curves with 
the cutoff values of pro-oxidants for detecting T2DM 
associated with complications

To analyze the predictive accuracy of pro-oxidants 
for detecting the disease with the best combination of 
sensitivity and specificity values we calculated ROC. 
Figure 2 shows the ROC of various pro-oxidants 
against diabetic condition, with high cutoff values 
for all biochemical parameters. Significant AUC 
were obtained for all studied biomarkers (p < 0.001). 
AUC for nitric oxide was very large and substantially 
bigger compared to those for the other pro-oxidants, 
approaching a value of 1, suggesting the greater 
diagnostic accuracy of this biochemical test (Figure 2, 
Table 2).

4. Discussion

Pro-oxidants generated by chronic exposure to a high 
glucose concentration or increased glycemic variability 
and other metabolic abnormalities are important to 
the development of diabetes with its impairments by 
modifying biomolecules and cellular damage. Increased 
free radical generation and subsequent oxidative stress 
has been implicated as underlying cause of both long-
term macrovascular and microvascular complications of 
diabetes (4,18). In the normal physiological conditions 
these chemical substances are counterbalanced with the 
cellular antioxidants, such as superoxide dismutases, 
catalases and glutathione peroxidases (19). The state 
of imbalance between pro-oxidants and antioxidants 
in favor of the former is known as "oxidative stress" 
(20). Since the vascular damage may begin to develop 
before the diagnosis and a great proportion of patients 
with T2DM may already have vascular disease at 
the time they are diagnosed with diabetes, the main 
focus of our investigation concerns such a population 
of patients. In the present study, we have attempted 
to test which of oxidative stress parameters would 
improve identification of T2DM with manifested 
diabetic vascular complications. We analyzed the 
systemic levels of ROS, •NO radicals, MDA, protein 
CO groups and 8-OHdG basing on the proven role of 
these reactive molecules and products of biomolecular 
modification as key tags in the oxidative damage, also 
on the consideration for the usage of some of them as 
biomarkers in the diagnosis of diabetes (21). 
 ROS are chemically reactive molecules, strong 
oxidants, which by the transfer of their free unpaired 

Table 2. Results from ROC analysis

Pro-oxidants

MDA [μmol/L]
Protein CO groups [nmol/mg]
ROS products [arb. unit]
•NO radicals [arb. unit]
8-OHdG [ng/mL]

Cut-off

  2.49
  5.29
  1.33
17.68
  1.44

AUC

0.863
0.849
0.799
0.988
0.773

AUC = area under the curve; PPV = positive predictive value; NPV = negative predictive value; MDA = malondialdehyde; Protein CO groups = 
protein carbonyl groups; ROS = reactive oxygen species; arb. unit = arbitrary unit; •NO radicals = nitric oxide radicals; 8-OHdG = 8-hydroxy-2'-
deoxyguanosine.

Sensitivity (%)

  77.4
  71.0
  77.4
100.0
  59.1

Specificity (%)

77.7
72.5
74.5
98.8
63.0

PPV (%)

77.4
72.5
75.0
98.9
64.7

NPV (%)

  77.7
  71.0
  76.9
100.0
  57.3

Figure 2. Receiver operating characteristic curves of 
oxidative biomarkers for detecting T2DM with diabetic-
induced vascular damages. The model was performed to 
distinguish between above-mentioned disease and no disease.
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electron cause the oxidation of cellular macromolecules 
- polyunsaturated fatty acids (PUFAs) in lipids, amino 
acids in proteins and DNA, resulting in cell structures 
damage, with subsequent function disruption or cell 
death (22). 
 Lipids in cell membrane are among the most 
susceptible to oxidative damage macro molecules due 
to the presence of multiple bonds (23). Free radical 
attack of PUFAs, in particular reaction of oxygen 
with unsaturated lipids via enzymatic and/or non-
enzymatic mechanisms is known as lipid peroxidation. 
Malondialdehyde (MDA) is one of the final products 
of lipid peroxidation generated by decomposition of 
arachidonic acid and larger PUFAs. Evidence now 
exists to suggest that along with primary dyslipidemia, 
oxidative damage and irreversible chemical lipoprotein 
modifications causing a production of oxidized low-
density lipoproteins (oxLDL) is involved in an 
accelerated rate of atherosclerosis in T2DM (24,25). 
Furthermore, this aldehyde (MDA) is also a highly 
toxic and potentially mutagenic molecule, which exerts 
these capabilities through its high reactivity with 
proteins and deoxyribonucleic acids (DNA) (26,27). 
It is a convenient biomarker for lipid peroxidation and 
one of the most commonly used in clinical studies (28).
 Oxidative modification of proteins is another event 
of oxidative stress. This oxidative damage often leads 
to loss in specific protein function and thus might 
play a significant role in the etiology of diseases. An 
accumulation and increase in protein carbonyls has 
been observed in several human pathologies including 
diabetes mellitus. At present, the measurement of 
protein CO groups after their derivatisation with 
2,4-dinitrophenylhydrazine (DNPH) is the most widely 
utilized measure of protein oxidation (29,30). The usage 
of protein carbonyl CO groups (aldehydes and ketones) 
as biomarkers of oxidative stress has some advantages 
in comparison with the measurement of other oxidation 
products because of the relative early formation and 
the relative chemical stability of carbonylated proteins 
within hours and days (31), whereas lipid peroxidation 
products undergo detoxification within minutes (32).
 A great deal of evidence support the role of oxidative 
DNA damage affecting tissue function and integrity as 
a common pathogenic factor in diabetes, as well in the 
onset and progression of diabetic complications (33,34). 
8-hydroxy-2'-deoxyguanosine (8-OHdG), an oxidized 
nucleoside of nuclear and mitochondrial DNA, is a 
sensitive DNA damage biomarker of cellular oxidative 
stress. Diverse pathologies affect 8-OHdG level, but it 
is considered to be a measurable risk factor for cancer, 
atherosclerosis, and diabetes (34), such that its use 
as a biomarker in the diagnosis of diabetes has been 
considered (21).
 •NO is a common gaseous free radical, which 
plays a role in vascular physiology and is also, known 
as endothelium derived relaxing factor. Therefore 

reduction of NO production, release or decreased 
bioavailability to the endothelium leads to endothelial 
cell dysfunction (35). Endothelial dysfunction plays 
an important role in the early stages of development 
of atherosclerosis, which is often observed as a 
macroangiopathic event in T2DM (36). 
 The results from our analysis showed a considerable 
overproduction of the 5 studied oxidative markers 
in T2DM patients, more distinctly in the presence 
of diabetes-associated vascular manifestations. 
These results are in agreement with the majority of 
publications, which demonstrate a significant rise in 
oxidative damage in the diabetic state (3,4,37-39). 
Notably, our T2DM patients with vascular involvement 
significantly exhibit approximately 7-fold elevated 
•NO levels than healthy controls, unlike the other 
biochemical markers which were increased only by 
1.5 to 2.5 times, suggesting, that •NO free radical 
overproduction may be considered crucial in the 
generation of diabetes and vascular disease. The 
glycemic control status was significantly correlated to 
the level of oxidation of the lipids, proteins and DNAs 
(MDA, carbonyl values and 8-OHdG), which confirms 
the influence of elevated blood glucose on the damage 
of all types of biological molecules. The strongest 
degrees of correlation were apparent for the oxidized 
guanine of DNA, showing that hyperglycemia promotes 
DNA oxidation. ROS and 8-OHdG generated by high 
glucose were causally linked to diabetic retinopathy. 
Correspondingly, a positive correlation of the systemic 
8-OHdG content with the brain stoke, a macrovascular 
manifestation attributable to diabetes was found. 
However, deoxyribonucleic acid base modification 
produced by the oxidation of deoxyguanosine was 
inversely correlated with diabetic neuropathy. MDA 
was associated with various locations of microvascular 
damage (neuro- and nephropathy) with a divergent 
link orientation. We further demonstrated the lack of 
difference in the systemic oxidative stress among obese 
and non-obese diabetics, despite the opposite findings 
of the other authors for the increase oxidative stress on 
accumulated fat in obesity (40).
 ROC analysis revealed that •NO values in the 
circulation discriminated the presence of T2DM with 
diabetes-specific vascular complications better than 
the other oxidative stress parameters. The cutoff values 
based on the ROC were higher and outside the normal 
range for all of them. 8-OHdG had lower sensitivity 
(0.59) and specificity (0.63) compared with the other 
biomarkers and showed a reduced AUC, while the 
•NO gives the highest returns for detecting diabetes 
with induces vascular damage. In general, the test 
characteristics positive and negative predictive values 
were in favor of the •NO radicals (98.9% and 100%, 
respectively) while the positive predictive value of 
8-OHdG variable was low (only 64.7 percent). Overall 
the positive predictive values – a relevant characteristic 
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in clinical practice – for MDA, carbonylated proteins 
and ROS were uniformly reasonable. 
 In conclusion, the chronic excess of carbohydrates 
present in T2DM and poor metabolic control result in 
creation of an abundance of reactive intermediates, 
leading to increase chemical modification of proteins, 
lipids and DNAs. Oxidative stress affects vascular 
function and ultimately contributes to vascular disease. 
The cutoff value for the studied oxidative biomarkers 
obtained from plotted ROC curves may serve as an 
indicator of clinical reference for detecting T2DM with 
associated vascular complications. The most efficient 
indicator is •NO, which may have the added ability to 
account for the disease and may strengthen the accuracy 
of clinical diagnosis.
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