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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 »s. 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: groupl — 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 (HbA,,) 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) x (fasting insulin) mmol/mL/22.5

Oxidative stress assessment included activity of
GPO and the level of sulthydryl 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

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

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

Parameter Control group (n = 30) Group 1 (n = 156) Group 2 (n = 100) p
p* < 0.001
* *
MDA [umol/l] 4.20 +0.08 6.48 + 0.14 6.13 = 0.18 b2 > 0.05
N N p* < 0.05
GPO [ukat/gHb] 6.67 = 0.16 5.41 + 0.1 5.81 +0.15 Do = 0,032
* .001
SH-groups [molL] 704.10 + 9.43 574.86 + 6.08* 569.37 + 7.60* pr <000
Pio > 0.05
*
8-0HdG [ng/L] 6.77 = 0.16 15.37 = 0.27* 14.00 = 0.29* pr <0001
prs = 0.002

*changes are reliable compared with the control group; MDA — malondialdehyde; GPO — glutathione peroxidase; SH-groups — sulfhydryl groups; 8-0HdG — 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 [umol/L] 6.40 = 0.1 6.10 = 0.10 0.048
Glutathione peroxidase [ukat/gHb] 5.24 £ 0.31 5.90 = 0.1 0.048
SH-groups [umol/L] 556.53 + 15.65 571.55 = 6.57 0.226
8-0HdG [ng/L] 16.47 = 0.62 15.11 +0.29 0.046

MDA — malondialdehyde; GPO — glutathione peroxidase; SH-groups — sulfhydryl groups; 8-0HdG — 8-hydroxy-2-deoxyguanosine
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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)

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 (SBE, 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

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 8-0HdG plasma(nnle;le:sz 2u)p to 15.68 ng/L | 8-OHdG plasma Ie(\:ali r;l:)re than 15.68 ng/L -

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] 311012 357 £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 [uIU/mL] 20.98 = 1.25 17.96 = 1.50 > 0.05
HOMA-IR 6.74 + 0.52 7.96 = 0.30 0.046
HbA,. (%) 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 [umol/L] 6.21 = 0.23 6.59 = 0.14 > 0.05
GPO [ukat/gHb] 5.67 = 0.14 5.22 = 0.17 0.042
SH-groups [umol/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; HbA,, — 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), HbA,. (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 S-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 Yildirim
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 us. 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.
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