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Abstract
Background: The aim of the study was to determine the prognostic value of 8-oxo-2’-deoxyguanosine (8-OHdG) 
plasma levels for cardiovascular complications (CVC) development in hypertension (HTN) and type 2 diabetes 
mellitus (T2DM) comorbidity.
Material and methods: One hundred fifty-six patients (mean age 61.71 ± 0.87 years) with the combined course 
of HTN stage II and T2DM (group 1) and 100 non-diabetic patients with HTN stage II (mean age 60.59 ± 0.87 
years, group 2) were examined. Lipid, carbohydrate metabolism, plasma insulin, plasma 8-OHdG (by ELISA), blood 
pressure levels were measured. Observation period was 12 months.
Results: Plasma levels of 8-OHdG in the patients’ groups were significantly higher than in the controls (p < 0.001), 
in the group 1 higher than in group 2 (15.37 ± 0.27 ng/L vs. 14.00 ± 0.29 ng/L, respectively, p = 0.002). Plasma 
levels of 8-OHdG in group-2 patients who developed cardiovascular complications during observation period were 
significantly higher than in those without cardiovascular complications (16.47 ± 0.62 ng/L vs. 15.11 ± 0.29 ng/L, 
respectively, p = 0.046). The ROC analysis made it possible to propose the 8-OHdG plasma level ≥ 15.68 ng/L as 
an identifier for the cardiovascular complications in patients with studied comorbidity. In group 1, in patients with 
8-OHdG plasma level ≥ 15.68 ng/L such cardiovascular risk factors as total cholesterol (TC) (p = 0.034), low den-
sity lipoprotein cholesterol (LDL-C) (p = 0.035), systolic blood pressure (p = 0.022), HOMA-IR (p = 0.046) were 
significantly higher compared with those whose level of this indicator was < 15.68 ng/L.
Conclusion: Determination of the plasma 8-OHdG allows not only for assessment of the severity of oxidative stress, 
but also for determination of the course and prognosis in comorbidity of HTN and T2DM.
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Introduction

Hypertension (HTN) affects 26.4% of the world’s 
adult population, remaining the leading risk factor 
for premature death and disability worldwide [1]. 
HTN together with such common risk factors as 
dyslipidemia, obesity, smoking, hypodynamia, dia-
betes mellitus (DM) is causative for at least 70–75% 
incident stroke, 80–90% myocardial infarction [2]. 
The association of HTN and type 2 DM (T2DM) 
is estimated at 80% of diabetic patients [2]. At 
the same time, among patients with HTN the prev-
alence of T2DM is in 2–2.5 times higher than in 
subjects with normal blood pressure [2]. 

There are numerous studies suggesting that oxida-
tive stress (OS) links vascular wall damage to the pro-
gression of various cardiovascular complications in 
diabetes [3]. One of the key role in the regulation 
of cells’ antioxidant protection plays the enzymat-
ic redox system of glutathione [4], which includes 
reduced glutathione and enzymes that ensure its re-
generation from the oxidized form of glutathione: 
glutathione peroxidase (GPO), glutathione reductase 
and glutathione transferase. Reduced glutathione 
availability, in turn, maintains the high activity of 
thiol-containing enzymes and has a stabilizing effect 
on the state of highly reactive SH-groups in erythro-
cyte membranes [4]. 

Oxidative stress also includes reactive molecules 
that can damage nucleic acids, which significantly 
affects the course of many diseases. Changes in ge-
netic information, mutagenesis, and cellular apopto-
sis associated with this make oxidative damage of nu-
cleic acids one of the most dangerous modifications 
among biomolecules [5]. It was previously shown 
that of the four bases, which make up the DNA 
structure, guanine is the most oxidized [6]. Among 
the most important biological OS markers there are 
the following purines: 8-hydroxy-2’-deoxyguano-
sine (8-OHdG) or its oxidized form 8-oxo-7,8-di-
hydro-2’-deoxyguanosine (8-oxodG). 8-OHdG is 
considered as the most sensitive and useful marker of 
oxidative DNA damage [7, 8], which can be found 
in many tissues and fluids as it easily penetrates from 
cells into the blood [6]. However, the biological role 
of 8-OHdG is currently poorly understood [6, 9].

Patients with any type of diabetes, both children 
and adults, are characterized by higher levels of oxi-
dative DNA damage as assessed with 8-OHdG lev-
els. Based on these observations, the 8-OHdG may 
play a role as a biomarker in the diagnosis of OS in 
diabetes [5, 7].

The aim of our study was to determine the prog-
nostic value of 8-oxo-2’-deoxyguanosine plasma lev-

els for the development of cardiovascular complica-
tions in patients with a combined course of HTN 
and T2DM.

Material and methods

The study included 2 groups: group1 — 156 
patients (82 males and 74 females), the mean age 
62.11 ± 0.64 years, with HTN stage 2 (disease dura-
tion of 10.2 ± 3.3 years) and T2DM (disease dura-
tion of 4.6 ± 2.4 years) and 100 nondiabetic patients 
with HTN stage 2 (disease duration of 9.3 ± 2.6 
years) as a comparison group (group 2) no differ-
ent in terms of sex distribution and age (mean age 
of 60.59 ± 0.87 years) [10–12]. The control group 
consisted of 30 volunteers matched by sex and age, 
but free of cardiovascular disease and endocrine dis-
orders.

Along with dietary recommendations, patients 
were administered with blood pressure-, glyce-
mia- and cholesterol-lowering therapies, as recom-
mended by international and national guidelines 
for the management of these patients [10–12]. Sta-
ble drug therapy was administered no shorter than 
6 months prior to inclusion. Patients with symp-
tomatic HTN, type 1 DM as well as other endo-
crine disorders and severe diseases of any sorts were 
excluded. The follow up was set at 12 months. 

Office blood pressure (BP) was measured in a sit-
ting position on the non-dominant arm. Body mass 
index (BMI) was calculated as standard. Fasting glu-
cose and glycated hemoglobin level (HbA1c) together 
with lipids: total cholesterol (TC), triglycerides (TG), 
high-density lipoprotein cholesterol (HDL-C), very 
low density lipoproteins cholesterol (VLDL-C), low 
density lipoprotein cholesterol (LDL-C) were as-
sessed. Additionally, lab test included plasma insulin 
concentration (enzyme immunoassay). Insulin resis-
tance (IR) was estimated with HOMA-IR index by 
the formula: 

(fasting glucose) × (fasting insulin) mmol/mL/22.5 

Oxidative stress assessment included activity of 
GPO and the level of sulfhydryl groups (SH-groups). 
The level of malondialdehyde (MDA) was used as 
a marker of the lipid peroxidation and oxidative sys-
tem activity. The activity of GPO (EC 1.11.1.9) in 
Ethylenediaminetetraacetic acid (EDTA)-hemolysate 
was determined by the decrease of the reduced gluta-
thione content within the 5-minute period of test he-
molysate sample incubation in the presence of an ox-
idizing substrate, cumene hydroperoxide, by means 
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of the photometric method [13]. The SH-groups 
and MDA were determined in the blood serum using 
the photometric method [13]. The following reagents 
were used: thiobarbituric acid (Organika, Germany), 
dithiobis nitrobenzoic acid (Merck, Germany), glu-
tathione (Sigma-Aldrich, Japan), cumene hydrop-
eroxide (Merck, Germany). The determination of 
8-OH-dG in the blood serum was carried out by 
ELISA with kits “Bio-Vendor” (Czech Republic).

Statistical methods
Normality of data distribution was tested with 

Shapiro-Wilk test. Quantitative variables are pre-
sented as Mean ± SE (SE-standard error), qualita-
tive characteristics were described as the frequency 
of events (% of the observations normal number). 
T-test was used to check for differences between 
groups where appropriate. Linear regression anal-
ysis with correlation coefficient was performed to 
see the associations where appropriate. Receiver op-
erating characteristic (ROC) analysis was used to 
determine the identifier of the cardiovascular events 
formation. P-value of less than 0.05 was considered 
valid for all calculations.

The study was performed in compliance with 
the basic provisions of the World Medical Associa-
tion (WMA), Helsinki Declaration on ethical prin-
ciples for medical research involving human subjects 
(1964–2000) and MHC of Ukraine Order N690 

dated September 23, 2009. The study was approved 
by the Bioethics Commission of Kharkiv National 
Medical University (Ukraine) in accordance with 
the principles set forth in Helsinki Declaration. All 
the patients signed the inform consent.

Results

Despite standard antihypertensive, antidiabetic 
and hypolipidemic therapy, the OS markers were sig-
nificantly higher in both study groups as referred to 
controls (Tab. 1). The presence of T2DM was char-
acterized by a significantly more pronounced OS, 
which was manifested by a significantly higher levels 
of 8-OHdG (p = 0.002) against the background of 
significantly lower levels of GPO (p = 0.032) in com-
parison with nondiabetic patients with AH.

By the end of the follow-up period, in 20 patients 
(12.8 ± 2.7%) with comorbid pathology, cardio-
vascular complications (CVC) developed including 
acute coronary syndromes (MI inclusive), isch-
emic stroke, transient ischemic attack (TIA), signs 
and symptoms of heart failure. Comparative analysis 
of OS parameters with relation to CVC showed sig-
nificantly higher levels of 8-OHdG in patients who 
developed CVC (p = 0.046) (Tab. 2). At the same 
time, in this subgroup of individuals, there were signs 
of a significant decrease in the antioxidant system 

Table 1. Oxidant-antioxidant balance parameters (M ± m)

Parameter Control group (n = 30) Group 1 (n = 156) Group 2 (n = 100) p

MDA [µmol/l] 4.20 ± 0.08 6.48 ± 0.14* 6.13 ± 0.18*
p* < 0.001
p1–2 > 0.05

GPO [µkat/gHb] 6.67 ± 0.16 5.41 ± 0.11* 5.81 ± 0.15*
p* < 0.05

p1–2 = 0.032

SH-groups [µmol/L] 704.10 ± 9.43 574.86 ± 6.08* 569.37 ± 7.60*
p* < 0.001
p1–2 > 0.05

8-OHdG [ng/L] 6.77 ± 0.16 15.37 ± 0.27* 14.00 ± 0.29*
p* < 0.001
p1–2 = 0.002 

*changes are reliable compared with the control group; MDA — malondialdehyde; GPO — glutathione peroxidase; SH-groups — sulfhydryl groups; 8-OHdG — 8-hydroxy-2-deoxyguanosine

Table 2. Oxidant-antioxidant balance parameters in patients with comorbidity of arterial hypertension (AH) and type 2 diabetes mellitus 
(T2DM) in dependence of presence of cardiovascular complications (CVC) during observation period (M ± m)

Parameter Patients with CVC (n = 20) Patients without CVC (n = 136) p

MDA [µmol/L] 6.40 ± 0.11 6.10 ± 0.10 0.048

Glutathione peroxidase [µkat/gHb] 5.24 ± 0.31 5.90 ± 0.11 0.048

SH-groups [µmol/L] 556.53 ± 15.65 577.55 ± 6.57 0.226

8-OHdG [ng/L] 16.47 ± 0.62 15.11 ± 0.29 0.046

MDA — malondialdehyde; GPO — glutathione peroxidase; SH-groups — sulfhydryl groups; 8-OHdG — 8-hydroxy-2-deoxyguanosine
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activity (significantly lower levels of GPO, p = 0.048) 
and significantly higher levels of OS indicator MDA 
(p = 0.048).

To find the optimal threshold value of 8-OHdG 
or the cut-off-value of this parameter as a predictor 

of CVC in patients with HTN and T2DM a ROC 
analysis was performed. AUC equaled 0.834 ± 0.042, 
which suggested a very good quality of an identifier 
for the CVC development (Fig. 1).

The 8-OHdG level = 15,68 ng/L was the optimal 
cut-off with the maximum values of sensitivity (Se) 
81.8% and specificity (Sp) 77.2%: in 81.8% patients 
with AH and T2DM with CVC 8-OHdG levels 
were more than 15.68 ng/L, and 77.2% of patients 
with this comorbidity without CVC had 8-OHdG 
levels less than 15.68 ng/L. 

Analysis of metabolic parameters and BP levels 
depending on the level of 8-OHdG, proposed as 
a predictor of CVC in specified comorbidity, showed 
significantly higher levels of TC (p = 0.034), LDL-C 
(p = 0.035), systolic blood pressure (SBP, p = 0.022), 
and HOMA-IR index (p = 0.046) in patients with 
8-OHdG levels of more than 15.68 ng/L (Tab. 3). 
The presence of significantly higher values of these 
recognized cardiovascular risk factors (CVR) in pa-
tients with plasma 8-OHdG above the threshold 
confirmed the assumption that the plasma level of 
8-OHdG can be used as a marker of CVC in this 
category of patients.

Studying the role of plasma 8-OHdG as a marker 
for disease course and prognosis, the impact and re-
lationships between this parameter and anthropo-
metric and metabolic parameters, which are known 

Figure 1. Receiver operating characteristic (ROC) curve 
8-hydroxy-2’-deoxyguanosine (8-OHdG) level for the prediction of 
cardiovascular complications (CVC) in patient with comorbidity of 
arterial hypertension (AH) and type 2 diabetes mellitus (T2DM)

Se
ns

iti
vit

y

1 — Specificity

Sensitivity: 81.8
Specificity: 77.2

Criterion: ≥ 15.68

Table 3. Metabolic and anthropometric parameters according to 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels in patients with hypertension 
(HTN) and type 2 diabetes mellitus (T2DM) comorbidity

Parameter 8-OHdG plasma levels up to 15.68 ng/L 
(n = 122)

8-OHdG plasma levels more than 15.68 ng/L 
(n = 34) p

TC [mmol/L] 5.21 ± 0.12 5.73 ± 0.22 0.034

VLDL-C [mmol/L] 0.79 ± 0.03 1.09 ± 0.20 > 0.05

HDL-C [mmol/L] 1.08 ± 0.03 1.33 ± 0.05 < 0.001

LDL-C [mmol/L] 3.11 ± 0.12 3.57 ± 0.23 0.035

TG [mmol/L] 1.92 ± 0.07 1.82 ± 0.22 > 0.05

Fasting glucose [mmol/L] 9.01 ± 0.30 7.82 ± 0.52 0.039

Fasting insulin [µIU/mL] 20.98 ± 1.25 17.96 ± 1.50 > 0.05

HOMA-IR 6.74 ± 0.52 7.96 ± 0.30 0.046

HbA1c (%) 7.74 ± 0.12 6.96 ± 0.16 > 0.05

BMI [kg/m2] 28.60 ± 0.34 28.34 ± 0.63 > 0.05

SBP [mm Hg] 145.10 ± 1.08 152.82 ± 2.21 0.022

DBP [mm Hg] 87.25 ± 1.06 86.67 ± 1.45 > 0.05

PBP [mm Hg] 54.81 ± 1.18 57.43 ± 1.44 > 0.05

MDA [µmol/L] 6.21 ± 0.23 6.59 ± 0.14 > 0.05

GPO [µkat/gHb] 5.67 ± 0.14 5.22 ± 0.17 0.042

SH-groups [µmol/L] 577.42 ± 6.22 572.69 ± 9.89 > 0.05

TC — total cholesterol; VLDL-C — very low density lipoproteins cholesterol; HDL-C — high density lipoprotein cholesterol; LDL-C — low density lipoprotein cholesterol; 
TG — triglycerides; HOMA-IR — HOmeostatic Model Assessment — Insulin Resistance; HbA1c — glycosylated hemoglobin; BMI — body mass index; SBP — systolic blood pressure; 
DBP — diastolic blood pressure; PBP — pulse blood pressure; MDA — malondialdehyde; GPO — glutathione peroxidase; SH-groups — sulfhydryl groups
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CVR markers, were evaluated. Correlations between 
8-OH-dG levels and such CVR factors as TG lev-
els (r = –0.190, p = 0.018), HDL-C (r = 0.268, 
p = 0.001), SBP (r = 0.219, p = 0.006), and dia-
stolic blood pressure (DBP) (r = 0.216, p = 0.007) 
were revealed. The analysis of variance revealed 
a significant effect of 8-OH-dG plasma levels on 
BMI (p = 0.008), TC (p = 0.004), TG (p = 0.010), 
LDL-C (p = 0.005), HbA1c (p = 0.033), HOMA-IR 
(p = 0.001), SBP (p = 0.008), and pulse blood pres-
sure (PBP) (p = 0.007).

Discussion

Our study showed the association of the comorbid 
HTN and T2DM with the 8-OHdG levels (an oxi-
dative stress marker). Apparently, the magnitude of 
oxidative stress denoted with 8-OHdG levels might 
be discriminative for TOD development. The pres-
ence of T2DM in hypertensive patients further ag-
gravated OS.

Despite the data on the beneficial effects of con-
temporary blood pressure-lowering [10] and hypo-
glycemic [11] therapies, our study did not confirm 
these phenomena in real-world cohorts. Clustering 
of HTN and T2DM may partly explain lack of such 
phenomenon. As previously shown, an increase in 
blood glucose between 5.5 and 7.0 mmol/L may be 
accompanied by an increase in free radicals, which in 
turn may translate into TOD development [7].

Over the course of the last 2 decades, there have 
been studies suggesting the negative effect of statins 
on oxidant-antioxidant balance, especially studies 
in diabetes. The so-called statin-induced oxidative 
stress, associated primarily with toxic effects on liv-
er enzymes [14–16] and with a negative effect on 
the redox-balance of b-cells [17], cannot be excluded 
also in our cohort. 

Numerous studies have shown that 8-OHdG 
is not only a biomarker of OS, a possible risk 
factor for cancer, coronary heart disease, diabetes 
and atherosclerosis, but can also be a predictor of 
the course and prognosis of some diseases [18]. 
Our data coincide with the data of Erkan Yıldırım 
et al. (2017) who found higher levels of 8-OHdG 
in patients with HTN, including white coat hyper-
tension, emphasizing the role of this molecule in 
oxidative damage [19]. The presence of significant-
ly higher levels of 8-OHdG in patients with HTN 
solely as well as HTN + T2DM vs. the control 
group are also in line with the results of the me-
ta-analysis of 14 trials involving 810 CVD patients 
which demonstrated higher levels of 8-OHdG in 

this category of patients compared to healthy in-
dividuals [20].

Elevated levels of 8-OHdG in patients with diabe-
tes have been described in a number of studies; a cor-
relation between the level of oxidative DNA damage 
and the severity of diabetic nephropathy/retinopathy 
was reported [21]. It is known that high levels of ox-
idized purines caused by hyperglycemia reflect DNA 
damage [22]. As opposed to previous reports [21] 
on normalization of the elevated levels of 8-OHdG 
in diabetes with glycemia-lowering drugs, our study 
showed more than twofold increase in 8-OHdG lev-
els in patients with HTN and T2DM compared with 
the control group (p < 0.001) and significantly high-
er than in the nondiabetic patients with HTN solely 
(p = 0.002), despite the ongoing therapy.

In our previous study, we have shown that mu-
tually aggravating effect of endothelial dysfunction, 
dyslipidemia, hyperglycemia and insulin resistance 
on the clinical course of HTN and T2DM may 
exist [23]. In this study, differences in TC, LDL-C, 
HOMA-IR and SBP were observed with relation 
to 8-OHdG plasma levels. Plasma levels of TC 
and SBP are included in most of the scales used to 
assess CV risk (SCORE, Framingham scale) [24, 
25]. The presence of a coherent relationship be-
tween 8-OHdG levels and SBP as well as 8-OHdG 
levels and TC supports the concept of utilizing 
this marker in the prediction of clinical course of 
HTN and T2DM.

Conclusions

Our study suggests that 8-OHdG plasma lev-
els not only depict current oxidative stress status, 
but it may contribute to more precise CV risk as-
sessment of patients with comorbid hypertension 
and diabetes. 

Conflict of interests
The authors declare the absence of conflict of interests.

References

1. Forouzanfar MH, Alexander L, Anderson HR, et al. GBD 
2013 Risk Factors Collaborators. Global, regional, and national 
comparative risk assessment of 79 behavioural, environmental 
and occupational, and metabolic risks or clusters of risks in 
188 countries, 1990-2013: a systematic analysis for the Global 
Burden of Disease Study 2013. Lancet. 2015; 386(10010): 
2287–2323, doi:  10.1016/S0140-6736(15)00128-2, indexed 
in Pubmed: 26364544.

2. Illiash MH, Bazyka OIe, Dovhanych NV, et al. [Hypertension 
and diabetes mellitus: modern aspects of treatment]. Practitioner. 
2016; 5(2): 5–9.

http://dx.doi.org/10.1016/S0140-6736(15)00128-2
https://www.ncbi.nlm.nih.gov/pubmed/26364544


Valeriya Nemtsova et al. Prognostic value of 8-oxo-2’-deoxyguanosine in TOD

83www.ah.viamedica.pl

3. Münzel T, Camici GG, Maack C, et al. Impact of Oxidative Stress 
on the Heart and Vasculature: Part 2 of a 3-Part Series. J Am Coll 
Cardiol. 2017; 70(2): 212–229, doi: 10.1016/j.jacc.2017.05.035, 
indexed in Pubmed: 28683969.

4. Kalinina EV, Chernov NN, Novichkova MD. Role of glutathi-
one, glutathione transferase, and glutaredoxin in regulation of 
redox-dependent processes. Biochemistry (Mosc). 2014; 79(13): 
1562–1583, doi:  10.1134/S0006297914130082, indexed in 
Pubmed: 25749165.

5. Urbaniak SK, Boguszewska K, Szewczuk M, et al. 8-Oxo-7,8-Di-
hydro-2’-Deoxyguanosine (8-oxodG) and 8-Hydroxy-2’-De-
oxyguanosine (8-OHdG) as a Potential Biomarker for Ges-
tational Diabetes Mellitus (GDM) Development. Molecules. 
2020; 25(1), doi:  10.3390/molecules25010202, indexed in 
Pubmed: 31947819.

6. Marmiy NV, Esipov DS. The biological role of 8-oxo-2’-de-
oxyguanosine. Moscow University Bulletin Series 16 Biology. 
2015; 4: 19–23.

7. Al-Aubaidy HA, Jelinek HF. Oxidative DNA damage 
and obesity in type 2 diabetes mellitus. Eur J Endocrinol. 
2011; 164(6): 899–904, doi:  10.1530/EJE-11-0053, indexed 
in Pubmed: 21436346.

8. Di Minno A, Turnu L, Porro B, et al. 8-Hydroxy-2-Deoxygua-
nosine Levels and Cardiovascular Disease: A Systematic Review 
and Meta-Analysis of the Literature. Antioxid Redox Signal. 
2016; 24(10): 548–555, doi: 10.1089/ars.2015.6508, indexed 
in Pubmed: 26650622.

9. Kant M, Akış M, Çalan M, et al. Elevated urinary levels of 
8-oxo-2’-deoxyguanosine, (5’R)- and (5’S)-8,5’-cyclo-2’-deoxy-
adenosines, and 8-iso-prostaglandin F as potential biomarkers of 
oxidative stress in patients with prediabetes. DNA Repair (Amst). 
2016; 48: 1–7, doi: 10.1016/j.dnarep.2016.09.004, indexed in 
Pubmed: 27769710.

10. Williams B, Mancia G, Spiering W, et al. ESC Scientific Docu-
ment Group . 2018 ESC/ESH Guidelines for the management 
of arterial hypertension. Eur Heart J. 2018; 39(33): 3021–3104, 
doi: 10.1093/eurheartj/ehy339, indexed in Pubmed: 30165516.

11. Buse JB, Wexler DJ, Tsapas A, et al. 2019 update to: Management 
of hyperglycaemia in type 2 diabetes, 2018. A consensus report 
by the American Diabetes Association (ADA) and the European 
Association for the Study of Diabetes (EASD). Diabetologia. 
2020; 63(2): 221–228, doi:  10.1007/s00125-019-05039-w, 
indexed in Pubmed: 31853556.

12. Unifikovanyi klinichnyi protokol pervynnoi ta vtorynnoi (spetsi-
alizovanoi) medychnoi dopomohy: tsukrovyi diabet 2 typu (nakaz 
MOZ 1118 vid 21.12.2012 r. [In Ukrainian].

13. Arutyunov A, Dubinina EE, Zyibina NN. [Methods for evalua-
tion of free radical oxidation and antioxidant system of the body: 
methodical recommendations] . Foliant. 2004: 104c.

14. Liu A, Wu Q, Guo J, et al. Statins: Adverse reactions, oxidative 
stress and metabolic interactions. Pharmacol Ther. 2019; 195: 
54–84, doi:  10.1016/j.pharmthera.2018.10.004, indexed in 
Pubmed: 30321555.

15. Zeng H, Liu Z. Atorvastatin Induces Hepatotoxicity in Diabetic 
Rats via Oxidative Stress, Inflammation, and Anti-Apoptotic 
Pathway. Med Sci Monit. 2019; 25: 6165–6173, doi: 10.12659/
MSM.915790, indexed in Pubmed: 31420530.

16. Nemtsova VD. The effect of statin therapy on oxidative stress 
indices in patients with arterial hypertension and type 2 diabetes 
mellitus. Zaporozhye Med J. 2018; 0(1), doi: 10.14739/2310-
1210.2018.1.121876.

17. Lorza-Gil E, de Souza JC, García-Arévalo M, et al. Coen-
zyme Q protects against b-cell toxicity induced by pravastatin 
treatment of hypercholesterolemia. J Cell Physiol. 2019; 
234(7): 11047–11059, doi:  10.1002/jcp.27932, indexed in 
Pubmed: 30536661.

18. Thomas MC, Woodward M, Li Q, et al. ADVANCE Collabora-
tive Group. Relationship Between Plasma 8-OH-Deoxyguanosine 
and Cardiovascular Disease and Survival in Type 2 Diabetes 
Mellitus: Results From the ADVANCE Trial. J Am Heart As-
soc. 2018; 7(13), doi: 10.1161/JAHA.117.008226, indexed in 
Pubmed: 29960985.

19. Yıldırım E, İpek E, Bavunoğlu I, et al. The impact of protein 
oxidation on sustained and white coat hypertension. Anatol 
J Cardiol. 2017; 17(3): 210–216, doi: 10.14744/AnatolJCardi-
ol.2016.7174, indexed in Pubmed: 27684518.

20. Di Minno A, Turnu L, Porro B, et al. 8-Hydroxy-2-Deoxygua-
nosine Levels and Cardiovascular Disease: A Systematic Review 
and Meta-Analysis of the Literature. Antioxid Redox Signal. 
2016; 24(10): 548–555, doi: 10.1089/ars.2015.6508, indexed 
in Pubmed: 26650622.

21. Al-Aubaidy HA, Jelinek HF. Oxidative DNA damage 
and obesity in type 2 diabetes mellitus. Eur J Endocrinol. 
2011; 164(6): 899–904, doi:  10.1530/EJE-11-0053, indexed 
in Pubmed: 21436346.

22. Urbaniak SK, Boguszewska K, Szewczuk M, et al. 8-Oxo-7,8-Di-
hydro-2’-Deoxyguanosine (8-oxodG) and 8-Hydroxy-2’-De-
oxyguanosine (8-OHdG) as a Potential Biomarker for Ges-
tational Diabetes Mellitus (GDM) Development. Molecules. 
2020; 25(1), doi:  10.3390/molecules25010202, indexed in 
Pubmed: 31947819.

23. Nemtsova V, Bilovol O, Shalimova A. Vascular endothelial 
growth factor as a marker of endothelial dysfunction in poly- 
and comorbidity: focus on hypertension, type 2 diabetes mellitus 
and subclinical hypothyroidism. Arterial Hypertension. 2019; 
23(2): 98–104, doi: 10.5603/ah.a2019.0006.

24. D’Agostino RB, Vasan RS, Pencina MJ, et al. General car-
diovascular risk profile for use in primary care: the Fram-
ingham Heart Study. Circulation. 2008; 117(6): 743–753, 
doi: 10.1161/CIRCULATIONAHA.107.699579, indexed in 
Pubmed: 18212285.

25. Verweij L, Peters RJG, Scholte Op Reimer WJM, et al. Validation 
of the Systematic COronary Risk Evaluation — Older Persons 
(SCORE-OP) in the EPIC-Norfolk prospective population 
study. Int J Cardiol. 2019; 293: 226–230, doi:  10.1016/j.
ijcard.2019.07.020, indexed in Pubmed: 31324398.

http://dx.doi.org/10.1016/j.jacc.2017.05.035
https://www.ncbi.nlm.nih.gov/pubmed/28683969
http://dx.doi.org/10.1134/S0006297914130082
https://www.ncbi.nlm.nih.gov/pubmed/25749165
http://dx.doi.org/10.3390/molecules25010202
https://www.ncbi.nlm.nih.gov/pubmed/31947819
http://dx.doi.org/10.1530/EJE-11-0053
https://www.ncbi.nlm.nih.gov/pubmed/21436346
http://dx.doi.org/10.1089/ars.2015.6508
https://www.ncbi.nlm.nih.gov/pubmed/26650622
http://dx.doi.org/10.1016/j.dnarep.2016.09.004
https://www.ncbi.nlm.nih.gov/pubmed/27769710
http://dx.doi.org/10.1093/eurheartj/ehy339
https://www.ncbi.nlm.nih.gov/pubmed/30165516
http://dx.doi.org/10.1007/s00125-019-05039-w
https://www.ncbi.nlm.nih.gov/pubmed/31853556
http://dx.doi.org/10.1016/j.pharmthera.2018.10.004
https://www.ncbi.nlm.nih.gov/pubmed/30321555
http://dx.doi.org/10.12659/MSM.915790
http://dx.doi.org/10.12659/MSM.915790
https://www.ncbi.nlm.nih.gov/pubmed/31420530
http://dx.doi.org/10.14739/2310-1210.2018.1.121876
http://dx.doi.org/10.14739/2310-1210.2018.1.121876
http://dx.doi.org/10.1002/jcp.27932
https://www.ncbi.nlm.nih.gov/pubmed/30536661
http://dx.doi.org/10.1161/JAHA.117.008226
https://www.ncbi.nlm.nih.gov/pubmed/29960985
http://dx.doi.org/10.14744/AnatolJCardiol.2016.7174
http://dx.doi.org/10.14744/AnatolJCardiol.2016.7174
https://www.ncbi.nlm.nih.gov/pubmed/27684518
http://dx.doi.org/10.1089/ars.2015.6508
https://www.ncbi.nlm.nih.gov/pubmed/26650622
http://dx.doi.org/10.1530/EJE-11-0053
https://www.ncbi.nlm.nih.gov/pubmed/21436346
http://dx.doi.org/10.3390/molecules25010202
https://www.ncbi.nlm.nih.gov/pubmed/31947819
http://dx.doi.org/10.5603/ah.a2019.0006
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
https://www.ncbi.nlm.nih.gov/pubmed/18212285
http://dx.doi.org/10.1016/j.ijcard.2019.07.020
http://dx.doi.org/10.1016/j.ijcard.2019.07.020
https://www.ncbi.nlm.nih.gov/pubmed/31324398

