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Abstract
Aim: To evaluate activity of oxidative stress (OS) as marker of vascular aging in different age groups of patients with
combined course of arterial hypertension (HT) and type 2 diabetes mellitus (T2DM).
Methods: 126 patients (average age 57.8 ± 6.2 years) with stage II HT and compensated T2DM were divided into
2 subgroups: 2a (n = 59) - aged 45-60 years; 2b (n = 97) - aged 61-75 years; 30 patients with isolated stage II HT
(comparison group), 20 practically healthy individuals (control group). The activity of antioxidative [glutathione
peroxidase, sulfhydryl groups (SH-groups)] and oxidative [malonic dialdehyde (MDA)], 8-hydroxy-2-deoxyguanosine
(8-OH-dG) systems in blood serum, were studied.
Results: A significant increase in MDA levels (P < 0.05) and SH-groups (P < 0.05) compared with healthy volunteers
was observed. Patients in 2b group had lower MDA values than in 2a (6.25 ± 0.33 μmol/L, 7.07 ± 0.44 μmol/L,
respectively, P > 0.05). In the 2b group, in comparison with 2a patients, a decrease in thiol status was observed (P > 0.05).
The level of 8-OH-dG was increased in patients with HT and T2DM, but there was also an age-associated increase in
the average 8-OH-dG in the 2b group.
Conclusion: The age-associated changes in the OS in comorbid course of HT and T2DM did not have significant
differences. Nevertheless, the presence of correlations between various indexes that are included in the concept of “vascular
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aging” and indicators of oxidant-antioxidant systems in different age groups allows us to make an assumption about the
significant influence of the oxidative status on the status of vascular age, especially in the older age group persons.
Keywords: Hypertension, type 2 diabetes mellitus, oxidative stress, vascular aging

INTRODUCTION
A significant increase in the proportion of older people in the population of developed countries is
accompanied by an increase in mortality from the main diseases of old age-diseases of the cardiovascular
system, malignant neoplasms, neurodegenerative processes, reduced resistance to infection and diabetes
mellitus.
According to the United Nations Organization prognosis, by 2025 the number of people over 60 will reach
1.2 billion (15% of the world’s total population). Therefore, the concept of healthy aging, developed in 2001
by the United Nations Organization, is classified as one of the highest priority areas of medicine.
Aging is considered to be a natural physiological process. At the same time, there are data which
demonstrate that physiological aging is observed in only 3%-6% of the human population while in other
cases accelerated aging is observed. Aging is a biological process that develops with age and manifests as a
gradual decrease in the adaptive capabilities of the organism. These changes can play a significant role in
the development of different pathologies.
Medico-biological studies involving elderly, old people and centenarians are recognized as necessary to
identify age-associated risk factors and specific markers that would optimize therapy for age-associated
diseases, especially taking into consideration that cardio-vascular mortality remains high, despite
therapeutic and prophylactic efforts. There is also a need to develop new pathophysiological models for a
better understanding of cardiovascular risks (CVRs) based on new age-associated concepts.
Since age is a marker of the cumulative effect of risk factors and the overall integral index of the
development of many chronic diseases [cardiovascular diseases (CVD), type 2 diabetes mellitus (T2DM),
malignant diseases], Nilsson et al.[1] proposed the concept of “early vascular aging”, which is a new concept
for studying patients with high CVR or patients with early family manifestations of cardiovascular events.
“Vascular age” (VA) generally includes many determinants, the main ones of which are: endothelial
dysfunction, pulse wave velocity (PWV), central arterial pressure and carotid intima-media complex
thickness (CIMCT). These parameters can be considered as “tissue biomarkers” of vascular lesions, which
may be more sensitive than “circulating biomarkers” (e.g., C-reactive protein, hyperglycemia, dyslipidemia)
and in combination with classical risk factors show better additional results predicting cardiovascular
complications[2]. At present, the Framingham scale and the European scale for assessing the 10-year risk
of cardiovascular mortality (SCORE) are widely used, in which age is one of the most important CVR
determinants and is associated with a number of morphological and functional changes in vessels[3].
As knowledge accumulates, it is becoming increasingly evident that aging and major chronic age-related
diseases have the same basic molecular and cellular mechanisms[4]. It is believed that in the first place they
are associated with mild chronic systemic inflammation. To denote this phenomenon a group of scientists
led by Franceschi et al.[5] proposed the term “inflammaging”. Today inflammaging is a widely accepted
theory of aging. Global age-related systemic inflammation in many organs is involved in the pathogenesis
of the most associated diseases, but until now it has not been fully determined whether these conditions
are the cause or consequence of age-related systemic inflammation. Inflammation is one of the central
pathogenetic mechanisms at all stages of development of atherosclerosis and its complications. What
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mechanisms are involved in the development of age-associated chronic inflammation is not definitively
established.
The age-associated increase in oxidative stress can contribute to the development of chronic inflammation
and the progression of various diseases. Today the theory of oxidative stress is considered one of the most
popular theories explaining not only aging, but also the initiation, as well as the progression of many
modern diseases, in particular cardiovascular and diabetes mellitus. Recently, oxidative stress has been
actively studied in order to better understand the mechanisms of protection and the relationship between
oxidative damage and the aging process[6].
Population aging became the leading demographic feature of Ukraine as well [7]. Hypertension (HT),
T2DM, ischemic heart disease (IHD), cerebral vascular disease with different severity of clinical symptoms
and in different combinations are the most common in elderly people[4,7].
The purpose of this study was to evaluate plasma parameters of oxidant-antioxidant systems as markers of
vascular aging in patients of different age groups with a combined course of arterial HT and T2DM.

METHODS
126 patients (55 males and 71 females) from 45-75 years old (mean age: 57.8 ± 6.2 years) with stage II HT
(mean duration of disease 10.2 ± 3.7 years) and well controlled T2DM (mean duration of disease: 4.1 ± 2.4
years) were examined and according to the current World Health Organization (WHO) age classification[8]
were divided into 2 subgroups: group 2a (n = 59) - patients with HT in combination with T2DM aged 4560 years; group 2b (n = 97) - patients with a combined course of HT and T2DM aged 61-75 years. As a
comparison group, patients with isolated stage II H (n = 30), identical in age and sex to the main group
(average age 53.8 ± 4.6 years) were studied. The control group consisted of 20 healthy individuals, matched
for age and sex.
The study did not include patients with symptomatic HT, uncontrolled HT, type 1 diabetes, decompensated
T2DM and other endocrine disorders, clinical signs of IHDs or severe concomitant chronic diseases. The
excluding criteria were also: taking iodine medications, glucocorticoids, amiodarone, lithium medications,
and medications containing estrogens and pregnancy. For patient selection, the diagnostic criteria of HT
approved by the European recommendations on diagnosis and treatment of HT[9] were used. The diagnosis
of T2DM was established according to the approved by order of the Ministry of Health of Ukraine dated
on 21.12.2012 № 1118 “On Approval and implementation of medical-technological documents for the
standardization of medical aid in type 2 diabetes”[10] and in accordance with the recommendations of the
American Diabetes Association and the European Association for the study of diabetes[11].
On a background of dietary recommendations, all patients received basic therapy in accordance
with international and national recommendations for the management of patients with appropriate
pathology[9-11]. Before being included in the study, all patients had been receiving antihypertensive therapy
for at least 6 months in individually selected doses with the use of angiotensin - converting enzyme
(ACE) inhibitors or angiotensin II receptors blockers (ACE inhibitors/ARBS), diuretics (indapamide
or torasemide). Some of the patients received calcium antagonists (amlodipine or lercanidipine). As an
antidiabetic therapy, patients with T2DM received metformin in individually selected doses from 10002000 mg per day, 49 patients (29.51%) additionally were using sulfonylurea derivatives.
Blood pressure (BP) levels were assessed in all patients by means of blood pressure obtained from three
measurements at 2-min intervals in a sitting position.
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Determination of total cholesterol (TC), triglycerides (TG) and cholesterol of high density lipoproteins
(HDL cholesterol) were performed in serum enzymatically by photocolorimetric method with sets
produced by Human (Germany). The content of cholesterol in the low density lipoprotein (LDL cholesterol)
was calculated by the formula of Friedewald W. T. with consideration of measurement in mmol/L: LDL
cholesterol = cholesterol - (HDL cholesterol + TG/2.22).
Determination of the concentration of fasting glucose was performed by the glucose oxidase method using
analyzer Humolizer (made in Germany). The level of glycated hemoglobin (HbA1c) was measured by
enzyme immunoassay (ELISA) using a set of reagents Hummer (USA). To determine the insulin resistance
(IR) index HOMA-IR was used, which was calculated with the formula: [(Glucose fasting) × (fasting
insulin)] mmoL/mL/22.5.
Besides the indicators of carbohydrate and lipid metabolism all patients underwent measurement of the
concentration of insulin in blood serum by the method of ELISA using a kits DRG Instrument Gmbh
(Germany) on a semi-automatic ELISA analyzer “ImmunoChem-2100”, HighTechnology, Inc. (USA).
To study the antioxidative system, the activity of glutathione peroxidase (GPO) and the level of sulfhydryl
groups (SH-groups) were assessed. GPO plays an important role in protecting biological cell membranes
against oxidative damage by increasing the concentration of reduced glutathione (oxidised glutathione
ratio - GSSG-R) in the process of aerobic glycolysis. SH-groups are the organic compounds that contain
a sulphydryl group. Among all the antioxidants that are available in the body, they constitute the major
portion of the total body antioxidants and they play a significant role in defense against reactive oxygen
species (ROS). The level of malonic dialdehyde (MDA) was used as a marker of the lipid peroxidation
and oxidative system activity. The activity of GPO (KF 1.11.1.9) in Ethylenediaminetetraacetic acid
(EDTA)-hemolysate was determined by the decrease in the content of reduced glutathione during
a 5-min incubation of a test sample of hemolysate in the presence of oxidizing substrate - cumene
hydroperoxide by the photometric method[12]. The SH-groups and MDA were determined in serum using
a photometric method[12]. The following reagents were used: thiobarbituric acid (Organika, Germany),
dithiobisnitrobenzoic acid (Merck, Germany), restored glutathione (Sigma-Aldrich, Germany), cumene
hydroperoxide (Merck, Germany). The determination of 8-hydroxy-2-deoxyguanosine (8-OH-dG) in blood
serum, as one of the biomarkers of oxidative damage, was carried out by ELISA with kits “Bio-Vendor”
(Czech Republic).
Ultrasound examination of the common CIMCT was performed according to the standard procedure on
the device “LOGIQ5”.
The results obtained are presented as the average value of parameters (M) and standard error (m).
Processing of statistical data was performed using the software package “Statistics for Windows 8.0”. The
student criterion and Pearson’s chi-squared test were used to estimate the differences between groups with
normal distribution. The differences were considered statistically significant at P < 0.05.
The study was performed in compliance with the basic provisions of the Helsinki declaration of the world
medical association on ethical principles of scientific and medical research involving humans (1964-2000)
and the order of the ministry of health of Ukraine dated 23.09.2009 № 690. The article is a fragment of
the research work of the department of clinical pharmacology and internal medicine of Kharkiv National
Medical University “Optimization of diagnosis and treatment of comorbid pathology (HT and diabetes
mellitus type 2) on the basis of evaluation of cardio-hemodynamics, metabolism and pharmacogenetic
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Figure 1. The state of lipid metabolism in patients with AH and DM2T, depending on the age group. TC: total cholesterol; TG: triglycerides;
HDL cholesterol: cholesterol of high density lipoproteins; LDL cholesterol: cholesterol of low density lipoproteins

analysis”. The study was approved by the commission on bioethics at the Kharkiv National Medical
University, consistent with the principles outlined in the Helsinki declaration.

RESULTS
Comparative analysis of lipid and carbohydrate metabolism parameters, as was expected, showed the
presence of dyslipidemia both among patients with isolated HT and in the combined course of HT and
T2DM in comparison with controls. Inclusion of compensated T2DM to HT was not accompanied by a
significant aggravation of lipid metabolism disorders, but increased the index of IR almost 2-fold compared
with patients with isolated HT and 4-fold compared with the control group (group 1: 4.40 ± 0.51, group 2:
8.26 ± 0.68, control: 2.23 ± 0.36 respectively, P < 0.05).
The distribution of patients with HT and T2DM in the 2 age categories did not reveal significant differences
in the disorders of both lipids, except HDL cholesterol, and carbohydrate metabolism [Figure 1]. In the 2b
subgroup patients, despite a higher level of fasting glucose (2a subgroup: 8.59 ± 0.72 mmoL/L and 2b: 9.15 ±
0.67 mmoL/L, respectively, P > 0.05), there was a decrease in the signs of insulin resistance (HOMA-IR:
2a: 8.88 ± 1.15 and 2b: 7.92 ± 0.86, respectively, P > 0.05). It is believed that the increase in IR leads to the
depletion of antioxidant protection. In our work in patients with comorbid pathology with an increase in
the age group, there was a unidirectional decrease in the signs of both IR and indexes of both oxidative
and antioxidant systems [Table 1]. In patients of the older age group, the correlation analysis revealed the
presence of an average positive relationship between GPO and HOMA-IR (P = 0.046, r = 0.374).
When evaluating the carotid intima-media thickness (CIMT) we were guided by the data obtained in the
Atherosclerosis Risk in Communities (ARIC) study, in which it was demonstrated that the calculation
of VA, taking into account gender, age and race, can be made on the basis of the CIMT measurement[2].
Stein et al.[13] have shown that the assessment of VA using a non-invasive CIMT measurement, can
more accurately determine the age as one of the main indicators in the evaluation individual risk of
cardiovascular disease.
As is known, the presence of HT and T2DM themselves are characterized by a tendency to increase the
CIMT, which we observed in our patients, although it is worth noting that this increase was in comparison
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Table 1. Age-associated comparative assessment of oxidative-antioxidant systems in patients with H and DM2T
Index
8-OH-dG, ng/L
GPO, μmol/min/gHb
MDA, µmol/L
SH-groups, µmol/L
CIMT RCCA, mm
CIMT LCCA, mm
Insulin, μIU/mL
HOMA-IR
SBP, mmHg
DBP, mmHg
PBP, mmHg

2a subgroup (n = 59)
14.07 ± 1.03
5.73 ± 0.36
7.07 ± 0.44
584.38 ± 14.56
0.08 ± 0.00
0.08 ± 0.00
24.55 ± 4.24
8.88 ± 1.15
152.92 ± 5.85
92.50 ± 3.29
60.42 ± 3.72

2b subgroup (n = 97)
17.23 ± 0.97*
5.23 ± 0.23
6.25 ± 0.33
567.36 ± 15.03
0.08 ± 0.00
0.08 ± 0.00
19.71 ± 2.17
7.92 ± 0.86
143.64 ± 2.82
88.88 ± 1.75
54.76 ± 2.15

*P < 0.05: compared to the 2a group; HOMA-IR: insulin resistance index; MDA: malonic dialdehyde; GPO: glutathione peroxidase; SHgroups: sulfhydryl groups; 8-OH-dG: 8-hydroxy-2-deoxyguanosine; CIMT RCCA: carotid intima-media thickness of right common carotid
artery; CIMT LCCA: carotid intima-media thickness of left common carotid artery; SBP: systolic blood pressure; DBP: diastolic blood
pressure; PBP: pulse blood pressure

with control group, and in 67% not reach the threshold for the European recommendations (CIMT thickness ≤
0.9 mm)[14]. The subdivision of patients with HT and T2DM into age groups was accompanied by a slight
increase in this parameter, which did not reach significance (2a subgroup - CIMT of right common carotid
artery (RCCA) - 0.086 ± 0.004 mm, CIMT of left common carotid artery (LCCA) - 0.086 ± 0.003 mm, 2b
subgroup - CIMT RCCA - 0.088 ± 0.003 mm and CIMT LCCA - 0.087 ± 0.002 mm, respectively, P > 0.05).
Ultrasound examination of carotid arteries revealed the presence of atherosclerotic plaques in 39 patients
(30.95%), 5 of which (12.82%) belong to the 2a subgroup, and 34 patients (87.18%) - 2b subgroup.
Oxidative stress is defined as an imbalance between the concentration of oxidation products and the
activity of antioxidant processes in the body. Oxidative stress promotes the oxidation of a number of
molecules, such as DNA, lipids, and proteins, which are associated with various processes, including aging.
Despite the available data on the beneficial effect of modern antihypertensive[15] and antidiabetic[16] therapy
on oxidative stress, the results of our study demonstrate the presence of intensive OS in patients with the
combined course of HT and T2DM. This manifests in a significant increase in MDA levels (P < 0.05), and a
decrease in levels of SH-groups (P < 0.05) compared with healthy volunteers.
MDA is the main end product in the process of lipid peroxidation. Data from recent years suggest using
the MDA level as a marker of the risk of complications in patients with T2DM, especially inadequately
compensated[17].
In the studies of Carracedo et al.[18] it was shown that people with age showed a significant increase in MDA.
In our work, patients in the older age group had lower MDA values than those under 60 (6.25 ± 0.33 μmoL/L
and 7.07 ± 0.44 μmoL/L, respectively, P > 0.05).
The main role in protecting against the influence of OS is played by an antioxidant system (AOS), one of the
main components of which is the thiol disulfide system. An important biomarker reflecting the state of this
system is the organism thiol status. Thiol status indicates the total level of SH-groups of proteins and free SHgroups. In patients with the combined course of HT and T2DM [Table 2], there was a significant decrease
in thiol status in comparison with the control group (573.52 ± 10.91 μmoL/L and 712.26 ± 11.08 mmoL/L,
respectively, P < 0.05).
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Table 2. Indexes of lipid, carbohydrate metabolism, oxidant and antioxidant systems in patients with isolated hypertension,
combination of H and DM2T compared with controls
Index
TC, mmol/L
TG, mmol/L
VLDL cholesterol, mmol/L
HDL cholesterol, mmol/L
LDL cholesterol, mmol/L
Glucouse, mmol/L
HbA1c, %
Insulin, μIU/mL
HOMA-IR
MDA, µmol/L
GPO, μmol/min/gHb
SH-groups, µmol/L
8-OH-dG, ng/L

Control (n = 20)
4.77 ± 0.52
1.03 ± 0.30
0.54 ± 0.22
1.45 ± 0.30
2.6 ± 0.33
4.62 ± 1.08
4.62 ± 1.08
9.84 ± 2.20
2.23 ± 0.36
4.07 ± 0.22
406.20 ± 31.2
712.26 ± 11.08
6.66 ± 0.97

Isolated H (group1, n = 30)
5.95 ± 0.23
1.63 ± 0.13
0.72 ± 0.06
1.41 ± 0.06
3.7 ± 0.24
5.45 ± 0.12
6.22 ± 0.15
19.77 ± 2.06
4.40 ± 0.51
6.11 ± 0.31
346.80 ± 15.01
570.54 ± 12.64
16.26 ± 0.83

H with DM2T (group2, n = 126)
5.34 ± 0.21
1.91 ± 0.14
0.85 ± 0.08
1.18 ± 0.04*
3.28 ± 0.21
8.25 ± 0.30*
7.32 ± 0.20*
22.89 ± 2.20
8.26 ± 0.68*
6.55 ± 0.27
324.60 ± 12.01
573.52 ± 10.91
15.89 ± 0.76

*P < 0.05: compared to the 1st group; TC: total cholesterol; TG: triglycerides; VLDL cholesterol, HDL cholesterol: cholesterol of high
density lipoproteins; LDL cholesterol: cholesterol of low density lipoproteins; HbA1c: glycated hemoglobin; HOMA-IR: insulin resistance
index; MDA: malonic dialdehyde; GPO: glutathione peroxidase; SH-groups: sulfhydryl groups; 8-OH-dG: 8-hydroxy-2-deoxyguanosine

This trend persisted even when patients were divided into age groups: in patients of the older age group in
comparison with younger patients a decrease in thiol status was observed (P > 0.05). These changes were
observed against the background of an insignificant age-dependent decrease of GPO, which indicates a
decrease of the antioxidant protective force [Table 1].
Previously, it was shown that guanine is the most oxidizable of the four bases included in the DNA
structure[19]. Its oxidation product, as a result of ROS exposure, is 8-OH-dG, which can be determined
in various biological tissues and liquids. In our study the correlation analysis revealed 8-OH-dG bonds
practically only in the group of individuals under 60 years: the average positive correlation between 8-OHdG and CIMT (P = 0.038, r = -0.569), a high positive relationship between 8-OH-dG and SBP (P = 0.027, r =
0.765) 8-OH-dG and PBP (P = 0.046, r = 0.715).
The correlation analysis also revealed the age-dependence of various correlations between the studied
parameters. Thus, in the group under 60 years a weak negative relationship was found between the SHgroups and the TG levels (P = 0.002, r = -0.04) and HDL cholesterol levels (P = 0.042, r = -0.206). In the
combined course of HT and T2DM in patients of the older age group the correlation analysis revealed
the presence of an average positive association between 8-OH-dG levels and HDL cholesterol (P = 0.045,
r = 0.543), GPO and TC (P = 0.026, r = 0.405), GPO and LDL cholesterol (P = 0.027, r = 0.410), GPO and
HOMA-IR (P = 0.046, r = 0.374).

DISCUSSION
It is known that oxidative stress increases with age and its progressive development can be considered as
one of the aging markers. It is generally accepted that an increase in OS during aging is a consequence
of a decrease in the effectiveness of antioxidant protection. The quantitative determination of 8-OHdG is suggested as one of the markers of free-radical processes occurring in the body under normal
circumstances and with the development of various pathological processes. It is believed that an increased
level of 8-OH-dG is associated with the aging process, as well as with many pathological conditions,
including diabetes mellitus and HT. In the studies of Wua et al.[19] the correlations between the level of
oxidative DNA damage and the severity of diabetic nephropathy and retinopathy were demonstrated.
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In our study, we observed not only an increase in this index in patients with HT and T2DM compared
to the control group, but there was also an age-associated increase in the average 8-OH-dG in the 2b age
group, which coincides with the results of Wang et al.[20], who demonstrated a significant relationship
between the plasma level of 8-OHdG and the age of the studied subjects.
Our results indicate that the combined course of HT and T2DM is characterized by the presence of pronounced
oxidative stress, which manifests in a significant increase in the intensity of lipid peroxidation, the marker of
DNA damage which increased against the background of a decreased activity of antioxidant protection.
Despite the fact that the age-associated changes in oxidative stress in comorbid course of HT and T2DM
did not have significant differences, the presence of correlations between various indexes that are included
in the concept of “vascular aging” and indicators of oxidant-antioxidant systems in different age groups
allows us to make an assumption about the significant influence of the oxidative status on the status of VA,
especially in the older age group persons.
Given that elderly age is generally characterized by polymorbidity and with age the risk of age-associated
diseases development, including HT and T2DM and their complications, increases, one active area of
research is to study the peculiarities of oxidative stress development in older age groups.
Thus, to date the concept of VA allows us to take a new view at the assessment of CVR: on the one hand,
as a biological model of aging, on the other, it makes it possible to analyze the state of many risk factors in
different age groups.
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