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Impact of prooxidant-antioxidant imbalance on the biological age
and the rate of aging in arterial hypertension with type 2 diabetes mellitus

V. D. Nemtsova

Kharkiv National Medical University, Ukraine

Purpose: to study the state of oxidative-antioxidative balance and its influence on the biological age (BA) and the features of aging
in patients with a comorbid course of arterial hypertension (AH) and type 2 diabetes mellitus (T2DM).

Materials and methods. In 96 patients with Il stage AH and T2DM and 40 patients with isolated Il stage AH (IAH), a BA, rate
of aging (according to the method of V. P. Voytenko et al.) and oxidative stress (OS) indexes (activity of glutathione peroxidase,
serum levels of sulfhydryl groups, malonic dialdehyde, 8-hydroxy-2-deoxyguanosine) were investigated.

Results. In IAH patients, physiological aging (PhA) was detected in 12.5 %, delayed type of aging (DTA) —in 55.0 %, accelerated
type of aging (ATA) —in 32.5 %. In AH and T2DM, PhAwas in 9.4 %, DTA—in 31.3 %, ATA—in 59.4 % of patients. Only 5 patients
(12.5 %) with IAH and 3 patients (3.13 %) with AH and T2DM had no signs of OS. The patients with ATA in comorbid pathology
were characterized by a significant activation of oxidative and stimulation of antioxidant systems compared to those with DTA,
which was less common among IAH patients. The presence of correlations between the antioxidant system indicators and age
parameters characterizing the degree of aging was found.

Conclusions. OS, which is one of the significant factors resulting in premature aging, was more enhanced in AH and T2DM
than in IAH. OS manifestations were more significant in ATA regardless of nosology, but were more pronounced in AH and
T2DM. Therefore, OS evaluation together with age-related characteristics can be used both to assess an organism state and
as an integral indicator characterizing the effectiveness of therapeutic and preventive measures.

BnAuMB NpOOKCUAAHTHO-AaHTHOKCUAAHTHOTO AMcHanaHcy Ha GionoriuHuM Bik
i Temnu cTapiHHA Npu apTepiaAbHii rinepTeHsii Ta uykposomy aAiaberi 2 Tuny

B. A. HemuoBa

MeTa po60TH — BUBYUTM CTaH OKCMAAHTHO-aHTUOKCMAAHTHOrO BanaHcy Ta 1oro Bnnme Ha BionorivyHui Bik (BB) Ta ocobnmeocTi
CTapiHHS y XBOpUX Ha apTepianbHy rineptensito (Al') i3 cynyTHiM nepebirom Lykposoro giabety 2 tuny (LA2T).
Marepianu Ta metogu. Y 96 nauienTie 3 Al' Il ctynens Ta LI2T i 40 naujienTis 3 isonsoBaHoto Al (IAIN) Il ctyneHs gocnigxkysanm

GionoriyHunii Bik, Temnu cTapiHHs (3a meTogom B. I, BorTteHka Ta cniBaeT.) i nokasHukm okcupatueHoro ctpecy (OC): akTUBHICTb
ryTaTioHNepoKCHAa3w, PiBHi CynbrinpunbHUX rpyn, ManoHOBOTO AianbAeriay, 8-rapoKeu-2-Ae0KCUryaHo3uHy B CMpOBATL KPOBI.

Pesyneraru. Mpw IAT disionorivHe ctapiHHs (PC) Buasunn y 12,5 % nauieHTis, ynosinbHeHui Tun ctapinus (YTC) -y 55,0 %,
npuckopeHni Tun ctapinus (MTC) -y 32,5 %. Mpu Al Ta LWA2T: ®C -y 9,4 %, YTC —y 31,3 %, MTC —y 59,4 % xBopux. Tinbku B
5(12,5 %) nauienTis 3 1A i 3 (3,13 %) nauienTie 3 Al i LIA2T He BusiBunm ozHakn OC. Hassricts MTC npw komopbigHir natonorii
XapaKTepu3yBarnacb BiporiJHO aKTMBALLEID OKCMAAHTHOI Ta CTUMYMALIEI0 aHTUOKCUAAHTHOI CUCTEMW NOPIBHSIHO 3 ocobamu 3
YTC, Wwo He Tak xapakTepHo Ans nauieHTie 3 |Al. BcTaHOBUIM KOpENsLiiHi 3B’s3K1 MiX NOKa3H1Kamy aHTUOKCUAAHTHOT CUCTEMM
11 BIKOBUMY MOKa3HMKaMW, LLO XapakTepuaytoTb CTYMiHb CTapiHHS.

BucHoBku. OKcraaTMBHUN CTPEC, SKMWA € OBHUM 3i 3HAYYLLMX YMHHVIKIB, LLIO NPU3BOAATL A0 NepeavacHoro ctapiHHs, npu Al i
LA2T 6ys BupaxeHiwmm, Hix npu IAT. Mposisu OC 6ynu 3Havywwi npu MTC HesanexHo Big Hosonorii, ane npu Al i LLA2T supa-
eHi BinbLue. ToMy AOCNimKEHHS OKCUAATUBHOTO CTPECY Pa3oM i3 BIKOBUMY XapaKTEPUCTUKAMM MOXHa BUKOPUCTOBYBATH i ANs
OLHIOBaHHS CTaHy OpraHi3my, i i iHTerpanbHuii MoKasHuIK, LLO XapakTepuaye eheKTUBHICTb NikyBarnbHO-NPOMinakTUYHKX 3axoaiB.

BAMsiHWE NPOOKCUAAHTHO-aHTUOKCHAAHTHOTO AUc6anaHca Ha 6GUoAOrMuecKun Bo3pacTt
M TeMNbl CTapeHUA NpU apTepUaAbHON TMNEepPTeH3UU U caxapHom Auabete 2 Tuna

B. A. HemuoBa

Llenkb paboTbi — 13y4nTb COCTOSHNE OKUCIUTENBHO-aHTUOKCAAHTHOTO 6anaHca v ero BNnsHue Ha bronornyeckuii BospacT (BB)
11 0COBEHHOCTM CTapeHus y MaLMEHTOB C apTepuanbHoi runepTeHsnen (AlN) n caxapHbiM anabetom 2 Tuna (CO2T).

Marepuanb! n metogpl. Y nauvenTos ¢ Al Il craguv B codetanm ¢ CO2T v 40 nauveHToB ¢ nsonuposanHon Al (AT Il cragum
nccnenosany BB, Temnbl cTapenys (no metogy B. I1. BoiiteHko 1 coaBT.) v nokasateny okeugatneHoro crpecca (OC): aKTUBHOCTb ry-
TaTVOHMEPOKCUA3bI, YPOBHM CybepruapuribHbIX FPY, MasIoHOBOTO Avarnbaeniaa, 8-rmapoKCy-2-LeoKCUryaHo31Ha B ChIBOPOTKE KPOBM.

Pesynerarbl. [pu VAT ousmnonornyeckoe ctaperme (PC) ycraHosneHo y 12,5 %, 3ameaneHHbi Tun ctaperms (3TC) -y 55,0 %,
yckopeHHbIit Tun ctaperns (YTC) —y 32,5 %. Mpu AT n CO2T: ¢C -y 9,4 %, 3TC -y 31,3 %, YTC -y 59,4 % naumeHToB.
Tonbko y 5 (12,5 %) naumenTos ¢ VAT 1 3 (3,13 %) naumneHToB ¢ A" n CA2T He yctaHosunm npusHaku OC. Hanuuve YTC npu
KOMOpOUAHOW NaTONOMMM XapakTepU30BanNoCh 3HAUUTENBHON aKTUBALMEN OKUCTIUTENBHON W CTUMYNSLMEN aHTUOKCUAAHTHO
CUCTEM MO CPaBHEHMIO C TakoBbIMU Npu 3TC, YTO He CTOMb XapaKTEPHO A5 NauMeHToB ¢ VAT YcTaHOBNEHb! KOPPENnsLUMOHHbIE
CBS3W MeXy NoKasaTensiM1 aHTMOKCUAAHTHOW CUCTEMbI U BO3PACTHLIMW NapameTpamu, XapakTepr3yoLLMMm CTeneHb CTapeHus.
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Ole r’MMHaAbHbl€e UCCAEAOBAHNA

BoiBogpbl. Mpu AT n CO2T otmeveH 6onee BbipaxeHHbIN, Yem npu VAT okcuaaTuBHBIN CTPECC, KOTOPbIV SBMSIETCS OQHUM
13 3Ha4YMMbIX (haKTOPOB, NPUBOASALLMX K NpexaeBpeMeHHOMY cTapeHuto. MNposieneHus OC 6binu 6onee 3Haummbl npu YTC,
HE3aBKCMMO OT HO30510rMK, HO Npw Al 1 C2T BhipakeHbl B 6onbLuer cTeneHun. Takum obpaom, onpeaenenne OC B coyeTaHnm
C BO3PACTHLIMW XapaKTepUCTUKaMM MOXET BbiTb CMONb30BAHO M NS OLIEHKW COCTOSIHUS OPraHW3Ma, U Kak WHTerpanbHbIi
rnokasarernb, XapakTepuaytoLLmii 3OdeKTUBHOCTb NIe4eBbHO-NPOUNaKTUYECKX MEPONPUATUNA.

The growth of elderly and senile population has charac-
terized the world demographic situation changes in recent
decades, as a result of which the aging process is increa-
singly becoming the subject of numerous medical and social
studies. At present, Ukraine experiences a challenging
medical and demographic situation characterized by a
decline in fertility, an increase in all-cause mortality, which,
combined with the increasing number of elderly and senile
age persons, is a rather powerful argument for activating
research in the field of aging demography.

The chronological (calendar) age does not give a
proper idea of the body’s age-related damage degree and
cannot serve as a reliable criterion for determining the life
expectancy. Individuals of the same sex and age based on
birthdate have varying degrees of age-related disorders
in organs and systems of the body, various genetic de-
terminants, pathological processes occurring in the body,
have experienced a varying degree of lifetime exposure to
environmental damaging factors influence [1,2].

Therefore, at present, the concept of biological age
(BA) is used as one of the diagnostic criteria for aging,
which is an integral indicator of the human health status,
reflecting the reserve potential of the organism. By asses-
sing the deviation of the BA from the proper biological age
(PBA) — the population standard of aging, it can be judged
whether the body aging is physiological, or it is delayed,
or premature [1,3,4]. Although it is impossible to influence
the calendar age, BA is a variable value and depends on
many factors.

Premature aging promotes the early development of
age-related pathology — ischemic heart disease, arterial
hypertension (AH), cancer, type 2 diabetes mellitus (T2DM),
and the onset of diseases accelerates the rate of human
aging [5].

Certain factors, the so-called predictors of premature
aging, including, according to modern concepts, oxidative
stress (OS) contribute to the pathological (premature) type
of aging [5,6]. Today, the theory of OS is considered one of
the most popular theories, explaining not only aging, but also
the initiation, as well as the progression of many diseases in
modern humans, namely cardiovascular diseases, diabetes
mellitus (DM). Recently, OS is being actively studied in
order to better understand the protective mechanisms and
the interaction between oxidative damage and the aging
process [7]. The cause of OS is known to be the prooxidant
and antioxidant misbalance. Antioxidant levels and providing
agood protection by antioxidant systems are very important
for preventing OS [6].

Numerous studies have shown that one of the most
important indicators of aging is the blood pressure level,
which is included in all formulas for BA calculating. Thus,
in patients with hypertension, an accelerated rate of aging
(ARA) was mainly observed [8]. On the other hand, the same
mechanisms that pay the important role in DM pathogenesis
are characteristic of age involution (endothelial dysfunction,
inflammation, OS efc.) [5,6]. The incidence of DM is known

to have a clear tendency to increase with age due to patients
with type 2 of the disease. With a general increase in the life
expectancy of people, the number of patients with T2DM
grows from year to year, thus determining the social signif-
icance of the problem [9]. Back in 1975, T. Furukawa et al.,
using a battery of 12 tests, after performing a comparative
assessment of the aging rate in healthy people and patients
with AH and DM, showed that both types of pathology accel-
erate the course of age-related processes [8].

However, currently available studies on the human
aging mechanisms, focused on the latter assessment in
individuals with multiple organ pathologies, contains insuf-
ficient data on the specific contribution of various diseases
to these processes [1,8,10]. The existence of age-related
features of the healthy and sick organism reactivity suggests
the existence of an interaction between an age-related
pathology and aging as a general biological process. Iden-
tification of such mechanisms would permit individualizing
and optimizing the tactics of geroprophylactic therapy in
patients with various pathologies.

Aim

Thus, the purpose of the research was to study the state
of oxidative-antioxidative balance and its influence on
the biological age and the features of aging in patients

with the comorbid course of arterial hypertension and type
2 diabetes mellitus.

Materials and methods

The study included 96 patients (39 males and 57 females),
the mean age — 62.66 + 4.2 years, with stage Il AH (di-
sease duration of 10.2 £ 3.7 years, mean systolic blood
pressure — 141.05 + 11.34 mm Hg, diastolic blood pres-
sure — 84.05 = 5.59 mm Hg) and T2DM (disease duration
of 4.1 £ 2.4 years, mean fasting glucose level — 8.46 + 0.53
mmol/l, mean glycosylated hemoglobin — 7.62 £ 0.23 %).
As a comparison group, the study included 40 sex- and
age-matched (mean age of 60.59 + 2.37 years) patients
with isolated stage Il AH. The control group consisted of 22
sex- and age-matched volunteers (mean age 58.3 + 1.96
years, 10 males and 12 females) to the examined patients
and without cardiovascular diseases and endocrinopathies.

For the patients selection, the AH diagnostic criteria,
agreed with the ESC/ERS Guidelines for the diagnosis and
treatment of AH (2013) were applied [11]. The diagnosis of
T2DM was established in compliance with the International
Recommendations of the American Diabetes Association
and the European Association for the Study of Diabetes [12].

Along with the dietary recommendations, all patients
received basic therapy in accordance with International and
National guidelines for the management of patients with
the related pathology [11,12]. So, stable antihypertensive
therapy was received by all the patients for at least 6 months
prior to inclusion into the study with individually-selected
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doses using angiotensin-converting enzyme inhibitors or
angiotensin Il receptor blockers (ACEI/ARB), diuretics
(indapamide); some patients received calcium antagonists
(amlodipine or lercanidipine). As antidiabetic therapy, pa-
tients with T2DM received metformin at individually-selected
doses ranging from 1,000 to 2,000 mg per day, and 3 pa-
tients (3.13 %) additionally received a sodium glucose linked
transporter-2 (SGLT2) inhibitor and 5 patients (5.21 %) —an
agonist of glucagon-like peptide 1 (GLP 1). The study did
not include patients with symptomatic AH, type 1 DM and
other endocrinological disorders, clinical signs of coronary
heart disease or severe concomitant chronic diseases.

All patients were anthropometrically measured; arterial
pressure level was recorded as the arithmetic mean, three
measurements were carried out with 2-minute intervals in
a seated position on the dominant arm.

To study the antioxidant system status, the activity of glu-
tathione 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 gluta-
thione (oxidized glutathione ratio— GSSG-R) in the process
of aerobic glycolysis. SH-groups are organic compounds
containing a sulfhydryl group. Among all the antioxidants
that are available in the body, they constitute the major
portion of the total body antioxidants and play a significant
role in defense against reactive oxygen species (ROS). The
level of malondialdehyde (MDA) was used as a marker of
lipid peroxidation (LPO) and oxidative system activity. The
activity of GPO (EC 1.11.1.9) in Ethylenediaminetetraacetic
acid (EDTA)-hemolizate was determined by the decrease
in a reduced glutathione content within the 5-minute period
of a test hemolizate sample incubation in the presence of
an oxidizing substrate — cumene hydroperoxide by means
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: thiobarbi-
turic acid (Organika, Germany), dithiobis nitrobenzoic acid
(Merck, Germany), glutathione (Sigma-Aldrich, Japan),
cumene hydroperoxide (Merck, Germany). The determina-
tion of 8-hydroxy-2-deoxyguanosine (8-OH-dG) in the blood
serum as one of oxidative damage biomarkers, including
oxidative DNA damage, was carried out by ELISA with
“Bio-Vendor” kits (Czech Republic).

Among the wide variety of methods for determining BA,
the method by V. P. Voitenko et al. has been extensively
used in many studies on the problems of aging as the most
accessible and integral one [1,2]. It consists in calculating
the actual BA value for each examined patient and rationing
its individual values by comparing with the estimated value
appropriate to the population standard — PBA [1]. To cal-
culate BA, the following indices were used: systolic blood
pressure (SBP, mm Hg), pulse blood pressure (PBP, mm
Hg), static balancing time on the left leg (SB) in seconds,
time inspiratory capacity (TIC) in seconds, body mass (BM)
and subjective health assessment (SHA, in relative value
units) — the number of negative responses to the question-
naire. The SHAindex was determined using a questionnaire
containing 29 questions. With the number of negative
answers equal to zero, health was considered ideal, with
29 — bad. The resulting SHA index value was included in
the formula to determine the BA index.
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The BA was calculated using the following formula:

BA of men = 26.985 + 0.215 x SBP - 0.149 x TIC —
0.151 x SB +0.723 x SHA.

BA of women = (-1.463) + 0.415 x PBP - 0.141 x
SB +0.248 x BM + 0.694 x SHA.

PBA values were calculated using the formulas below:

PBA of men = 0.629 x CA + 18.56;

PBA of women = 0.581 x CA + 17.24,

where CA is the chronologic age of an individual in
years.

The absolute deviation of BA from the population
standard was judged by the biological age coefficient (BA-
PBA), the relative deviation — by the BA/PBA index. With
BA-PBA=0or BA/PBA= 1, the biological age matching with
the population norm was recorded. Deviation from these
values indicated accelerated or slow aging — the higher
the BA deviation from its proper value (BA-PBA > 0, BA/
PBA> 1), the faster an individual was aging, and vice versa,
the more BAlagged behind PBA (BA-PBA< 0, BA/IPBA< 1),
the slower was the rate of aging [8,10].

The results obtained were presented as a mean va-
lue  standard deviation from the mean (M + SD). Statistic
data processing was performed using the Statistica software
package, version 8.0. To assess the differences between
groups with the distribution close to normal, the Student's
t-criterion and the Pearson’s x?> were used. Differences
were considered statistically significant at P < 0.05. The
correlation between quantitative/qualitative variables was
assessed using the Spearman rank correlation coefficient
(R). Chaddock scale was used to assess the strength of
an association.

The work was performed in compliance with the basic
provisions of the World Medical Association (WMA) Decla-
ration of Helsinki on ethical principles for medical research
involving human subjects (1964-2000) and the MOH of
Ukraine Order No 690 dated September 23, 2009.

Results

When analyzing the studied age characterizing indices
(Table 1), the following results were obtained: there were
statistically significant differences in all the studied para-
meters, except for the chronologic age, between patients
with AH and T2DM and those of the control group. Patients
with isolated AH did not demonstrate significant differences
with the control group (except for PBA). The coefficients
characterizing the rate of aging in AH and T2DM were
changed to a greater extent than in isolated AH, which
combined with the value of BA exceeding the PBA for
this group of patients meant the premature aging signs
presence.

When assessing the type of aging among patients
with isolated AH, physiological aging (PhA, chronologic
age = BA)was detected in 5 (12.5 %), delayed type of aging
(DTA)—in 22 (55.0 %), accelerated type of aging (ATA) —in
13 (32.5 %) patients. Among individuals with a combined
course of AH and T2DM, PhA was observed in 9 (9.4 %),
DTA—-in 30 (31.3 %), ATA—in 57 (59.4 %) patients.

When assessing the oxidant (OX) and antioxidant
(AOX) systems status in the examined patients, only 5
patients (12.5 %) with AH and 3 patients (3.13 %) with AH
and T2DM did not present any signs of OS.
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Table 1. Comparative characteristics of age indexes in the studied groups (M £ m)

Control Patients with AH Patients with AH
(n=22) (n=40) and T2DM
(n=96)

Chronologic age (CA), years 58.30 £ 1.96 60.59 +2.37 62.66 +£4.20
Biological age (BA), years 50.20 + 1.68 52.73+1.14 57.41+1.30**
*P =0.009
Proper biological age (PBA), 50.93 £ 0.42 53.46 £ 0.81° 56.22 £ 0.79**
years P=0.018
Coefficient of aging (BA-CA), -8.12+0.97 -7.86+1.23 -5.25+1.10*
years
Index of aging (BA/PBA) 0.96 £0.02 0.98 £0.03 1.03 + 0.04*
Biological age coefficient -0.73+£0.33 -0.87+1.34 0.19 + 1.68*

(BA-PBA)

*: P < 0.05 changes are significant compared with the control group; #P: significant difference between
the isolated AH group and the AH with T2DM group.

Table 2. Comparative characteristics of oxidant-antioxidant system indices

in the examined patient

groups (M £ m)

Control Patients with AH Patients with AH
(n=22) (n=40) and T2DM
(n=96)

8-hydroxy-2-deoxyguanosine, ng/l  6.66 + 0.97
Clutathionperoxidase, pkat/gHb

Malonic dialdehyde, pmol/l
SH-groups, umol/l

16.26 +0.83' 15.89 +0.76"
6.77 £0.52 5.78 +0.25' 5.41+0.20°
4.07 £0.22 6.11+0.31° 6.55+0.27°
712.26 + 11.08 570.54 + 12.64° 573.52 £ 10.91°

*: P <0.05, changes are significant compared with the control group.

Table 3. Oxidative stress indexes depending on aging type of the examined patients

(M £ m)

Patients with AH Patients with AH and T2DM
(n =35) (n=87)

Aging degree

8-hydroxy-2-
deoxyguanosine, ng/l

Glutathionperoxidase,
ukat/gHb

SH-groups, pmol/l

Malonic dialdehyde, pmol/l

DTA ATA DTA ATA

1a(n=22) b(n=13)  2a(n=30)  2b(n=57)

1780201  1638+1.01 1776131  14.89+097*
P=0048

6.09+0.31 518+038*  495:030 540041

P =0.046

5492441800 57348+14.76 549.30+1234 578.05+14.86%
P=005

584+030  625:064  625:037  7.06:035
P=0025

DTA: delayed type of aging, ATA: accelerated type of aging, *: significant difference between ATA and
DTAin the corresponding groups.
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Comparative analysis showed significant differences
in all OS indexes when comparing the studied groups with
the control group. None of the indices showed significant
differences between the studied patient groups (Table 2).

The correlation analysis revealed the correlations
between the AOXS indices and the age indices characte-
rizing the aging degree, the most significant of which was
the positive correlation between the coefficient of aging (BA-
CA) and SH-groups (r = 0.390, P = 0.027 - in isolated AH
group and r = 0. 354, P = 0.047 — in AH and T2DM group,
respectively), the positive correlation between the index
of aging (BA/ PBA) and SH-groups (r = 0.370, P = 0.037)
and BA coefficient (BA-PBA) and the GPO level (r = 0.364,
P =0.040) in AH and T2DM group. No correlation was found
between the levels of MDA and age characteristics.

To assess the effect of OS indices on the aging degree,
both groups of patients were divided into subgroups: 1a
(n =22) and 2a (n = 30) subgroups included AH patients
(1a) and AH with T2DM patients (2a) with DTA; 1b (n = 13)
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and 2b (n=57)included AH patients (1b) and AH with T2DM
patients (2b) with ATA (Table 3).

Patients with PhA were not evaluated at this study stage
due to a small number of observations in both of the groups.

According to the study results, it was revealed that
the LPO rate (MDA) increased with the aging rate accele-
ration, regardless of the diagnosis, reaching significant
differences only in patients of 2a subgroup (P = 0.025). How-
ever, the correlation analysis revealed the presence of MDA
correlations only in AH patients of the DTA subgroup (with
CA-r=0.515,P=0.034 and PBA-r=0.495, P = 0.043).

Blood levels of 8-OH-dG decreased with ATA in both
subgroups of patients, with AH and AH with T2DM, but
significant differences were observed only when combined
with T2DM.

The correlation analysis revealed the positive correla-
tion of moderate strength between the 8-OH-dG level and
BA in the DTA of 1a subgroup (r = 0.557, P = 0.020). The
correlation analysis also revealed the presence of significant
interactions between the 8-OH-dG level and such age cha-
racteristics as CA (r = 0.408, P = 0.038) and the aging rate
(ATA, DTAor PhA; R =-0.520, P = 0.019), which confirmed
the significance of this index not only as a marker of OS,
but also as a biomarker of aging.

As it can be seen from Table 3, the thiol status in
the DTA subgroups was characterized by the same level
indicating the presence of mechanisms maintaining AOX
protection at a certain level regardless of the metabolic
processes disorder degree. The presence of ATA was
accompanied by the thiol status activation; in the presence
of comorbid pathology, an increase in SH-groups reached
significant values (P = 0.05). The correlation analysis
revealed the positive correlation of moderate strength be-
tween the concentration of SH-groups and the coefficient of
aging (BA-CA) in individuals with DTA of both subgroups 1a
(r=0.615, P =0.009) and 2a (r = 0.662, P = 0.01). In ATA,
acorrelation between SH-groups and age indices was only
detected in the group of isolated AH (with the coefficient of
aging (BA-CA) —r=0.662, P = 0.01).

The presence of ATA in AH and T2DM group was
accompanied by an insignificant increase in the GPO
level as opposed to the dynamics of this index in isolated
AH, where a significant decrease of the above index was
observed (P = 0.046). However, no correlation was found
between GPO and the age indices in ATA subgroups. In
DTA, the presence of correlation relationships between GPO
and the age indices was only revealed in 1a subgroup (with
the coefficient of aging (BA-CA) —r = 0.615, P = 0.009).

Assessment of the relationship between the indices
characterizing OS and the aging rate features was carried
out using the Spearman rank correlation coefficient, which
revealed the presence of negative correlations between
the GPO level and the aging rate (R =-0.397, P = 0.024)
in isolated AH group as well as between the blood level of
8-OH-dG and the aging rate (R =-0.520, P = 0.019) in AH
with T2DM group.

Discussion

The urgency of determining the aging rate is due to the fact
that it can have a real prognostic value for assessing
the health of both an individual and groups exposed to one
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or another risk (hereditary, environmental, social, occupa-
tional, etc.). In addition, the quantitative characteristics of
the aging rate can serve as an objective efficacy measure
of such impacts on humans as lifestyle changes, dietary
intervention, various bioadditives, medications or other
therapeutic effects [4].

In our study, the absence of significant differences in
the aging characterizing indexes between the control group
and patients with isolated hypertension is explained, on
the one hand, by the presence of stable antihypertensive
therapy, which allows patients to maintain stable blood
pressure levels, which was the criterion for inclusion in
the study, and on the other hand, patients with compli-
cated and uncontrolled hypertension were not included in
the study. The simultaneous presence of DM significantly
affects the aging indicators, which is evident from significant
differences not only in relation to the control group, but also
in relation to the isolated course of hypertension. Currently,
there is no doubt that insulin resistance, which plays a major
role in the pathogenesis of diabetes and its complications,
is also one of the leading factors in the development of
age-related and accelerated aging process diseases [14].
The data of this work confirm the hypothesis that biological
age is a dynamic indicator that reflects not only the state of
the body, but also the therapeutic and preventive measures
effectiveness.

The study of OS was mainly conducted in hypertension
without diabetes or diabetes without hypertension [15-17].

In patients with a combined course of AH and DM,
previous studies of OS were mainly focused on its effect on
carbohydrate metabolism, blood pressure levels, risk factors
[18]. The effect of OS on the aging process in this comorbid
pathology has not been practically studied.

The lack of OX-AOX systems stabilization in the most
patients of this study, in our opinion, is due to insufficient
medicamentous correction particularly of blood pressure
and partly of carbohydrate metabolism at the time of in-
clusion in the study, which, in its turn, is characterized by
the processes leading to OS development and progression.

Thus, despite the permanent blood pressure control,
which was the criterion for inclusion in our study, the tar-
get levels (as recommended by the European Society of
Cardiology [19]) of SBP in group with isolated AH were
not reached by 16 (40.00 %) patients, in group with AH
and T2DM - by 57 (59.38 %) patients. The target level
of the DBP were not reached by 23 patients (57.50 %) in
group with isolated AH and by 77 (80.21 %) — in group with
AH and T2DM.

Hyperglycemia is known to cause glycosylation and
inactivation of antioxidants, which is also observed in our
work. The presence of insignificant differences in OS indices
between patients of groups with isolated AH and with AH
and T2DM may be explained by the fact that a significant
proportion of AH and T2DM group patients (50 patients
— 52.08 %) had a compensated status of carbohydrate
metabolism (glycosylated hemoglobin was less than 7.5 %)
on antidiabetic therapy. In addition, the beneficial effect of
metformin, received by all patients with AH and T2DM in
this study, on OS has been shown in many studies [20].

Considering the above, to clarify the role of OS in this
comorbidity, it is necessary to conduct large-sample com-
parative studies on the oxidative-prooxidant balance state
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when reaching and not reaching the target blood pressure
levels and T2DM compensation. This will make it possible
to consider OS not only as a pathogenetic and prognostic
factor of these diseases, but also as a marker for controlling
therapeutic measures.

In groups of patients, changes in the parameters cha-
racterizing AOX system (AOXS) were not unidirectional,
which is probably due to the varying degree of the studied
AOXS parameters compensatory activation in response
to the increased free radical processes, as well as to
the degree of AOX inhibition in response to long-term LPO
activation.

The presence of significant differences between
subgroups, taking into account aging degree, not for all
indices characterizing the OS, may indicate a sufficiently
pronounced compensation at this stage (the study did
not include patients with pronounced cardiovascular and
diabetic complications). Nevertheless, ATA with comorbid
pathology was still characterized by a significant activation
of LPO, stimulation of antioxidant protection compared to
persons with the DTA, which was not so typical for patients
with isolated AH.

The observed decrease in 8-OH-dG plasma levels in
the ATA was more pronounced in patient with comorbid
pathology confirming, on the one hand, the current opinion
on the antioxidants inactivation during hyperglycemia and
its negative impact on the levels of DNA damage products
caused by the oxidative process [21], and on the other
hand, indicates the depletion of AOX reserves in the ATA.

In our opinion, such an ambiguous and multidirectional
status of the OX-AOX system with the ATA can be explained
by the fact that the mechanisms triggering the process of
accelerated aging at the body level seem to include pro-
cesses providing both negative and protective (stimulating)
action on the antioxidant protection system, which requires
further study.

Conclusions

1. Oxidative stress in most cases accompanies
the course of both isolated AH and its combination with
T2DM, regardless of the aging rate, including mediation of
DNA oxidative damage development.

2. Patients with a combined course of AH and T2DM,
have a more pronounced oxidative stress than those with
an isolated AH course, which is one of the significant factors
leading to the premature aging development.

3. The accelerated rate of aging, regardless of the exi-
sting pathological processes and states, is accompanied
by more significant manifestations of oxidative stress than
the delayed rate of aging.

Thus, determination of BA and the aging rate in the pe-
riod of late ontogenesis with a high degree of accuracy
reflects the degree of the physiological body adaptation
impairment, resulting from a combination of age-dependent
and pathological processes including OS, therefore OS
evaluation together with age characteristics can be used
not only to assess the body status, but also as an integral
indicator characterizing the treatment and prevention
measures efficacy.
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