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Objective: to study the effect of statin therapy on the oxidative and antioxidant systems parameters in patients with arterial
hypertension (AH) and cocomitant type 2 diabetes mellitus (DM2T).

Materials and methods. 126 patients (55 males and 71 females, average age was 57.8 + 6.2 years) with AH stage Il and
compensated DM2T were divided into 2 groups: the 1 group — with AH and DM2T (n = 69), who were constantly taking statins
(rosuvastatin 10 mg/day or atorvastatin 20 mg/day) for at least 1 year; the 2 group — patients with AH and DM2T (n = 57) who
did not take statins. The control group included 20 healthy volunteers. The parameters of lipid and carbohydrate metabolism,
the degree of insulin resistance (HOMA-IR), the state of the oxidant system (malonic dialdehyde level -MDA), the antioxidant
system (the activity of glutathione peroxidase (GPO) and the level of sulfhydryl groups -SH-groups) were evaluated. The
statistics was carried out using the Statistica software package, version 8.0.

Results. In the 1st group only the levels of LDL cholesterol significantly differed from the control group (P < 0.05). In the 2nd group
the levels of total cholesterol and LDL cholesterol were expected to be higher than in the 1st group (P < 0.05) and the control group
(P <0.05). Despite the higher level of fasting glucose in the 2nd group than in the 1st group, HOMA-IR in the 1st group was higher
than in the 2nd group (7.48 = 1.76 and 7.17 £ 1.54, respectively, P > 0.05). In the 1st group in comparison with the 2nd group
unreliable increase in GPO and SH-groups levels on the background of the increase in MDA levels (P > 0.05) were observed.

Conclusions. The use of statins in low doses in AH combined with DM2T was accompanied by a nonsignificantimprovement of
antioxidant protection parameters on the background of increased insulin resistance and increased activity of lipid peroxidation.

Bnaue cTtatMHOTEpanii HA NOKa3HUKKU OKUCAIOBAAbHOTO CTPeCy
B NALEHTIB 3 apTepiaAbHOIO rinepTeHsielo Ta LyKpoBUM AiabeTom 2 TRy

B. A. HemuoBa

MeTta po60T1 — BMBUMTY BNAMB Tepanii CTaTuHaMK Ha NapameTpy OKCUAAHTHOI Ta aHTUOKCUAAHTHOI CUCTEM Y MaLlieHTIB 3
apTepianbHoto rineptensieto (Al) y noegHaHHi 3 Lykposum aiabetom 2 Tuny (LO2T).

Matepianu Ta metoau. 126 nauieHTie (55 Yonogikis i 71 xiHka, cepeaHin Bik — 57,8 + 6,2 poky) 3 Al Il cTagii Ta LLO2T y
CcTapii komneHcauii noginumv Ha agi rpynu: 1 —nauieHtv 3 Al i LLA2T (n = 69), gki NOCTilnHO NpuiAManu cTaTuHW (po3yBacTaTuH
10 mr/goby abo atopeactatuH 20 mr/goby) npuHaimHi 1 pik, 2 rpyna — nauieHtn 3 Al i UO2T (n = 57), ski He npuiimanu
cTatuHu. 20 300poBUX JOOPOBOLLB CTAHOBMAM KOHTPOILHY rpyny. [JocnimKyBanucs napamMmeTpu NinigHoro Ta ByrneBogHOMo
06MiHy, cTyniHb iHcyniHopeaucTeHTHoCTi (HOMA-IR), cTaH okeuaaHTHOI cucTemm (3a piBHeM ManoHoBoro Aianbaerigy — MAOA),
CTaH aHTUOKCUAAHTHOI CUCTeMM (akTWBHICTb rnyTaTioHnepokeuaasn (IMO) Ta piBeHb CynbdriapunbHUX rpyn — SH-rpyn).
CratucTrka onpaLiboBaHa 3a 4OMNOMOror nporpamHoro 3abeaneyerHs Statistica Bepcii 8.0.

Pesynsratu. Y 1 rpyni Tinbku piBeHb xonectepuHy JIMHLL iporigHo BigpisHsBes Big KOHTPoONbHOI rpynm (p < 0,05). Y 2 rpyni
piBeHb 3arafibHOro xornecTepuHy Ta xonectepuHy JIMHLL, sik ovikyBanock, Bys BuLWMM, Hix y nepLwuiv rpyni (p < 0,05) Ta koH-
TponbHin rpyni (p < 0,05). HeaBaxatouu Ha BULLMIA PIBEHD MMIOKO3W HaTLLECEPLIE Y XBOPMX 2 rPynu NOPIBHSHO 3 1 rpynoto, iHaeke
HOMA-IR y 1 rpyni 6yB BuwmMm, Hix y 2 (7,48 + 1,76 i 7,17 £ 1,54 BignosiaHo, p > 0,05). Y 1 rpyni NOpiBHSHO 3 2 BU3HAYMNN
HeBiporigHe nigsueHHs pisHs MO Ta SH-rpyn Ha Tni nigeuwwerHs pisia MOA (p > 0,05).

BucHoBku. BrkopucTaHHs HeBUCOKMX [03 cTaTuHiB Npu Al y noegHanHi 3 LIA2T cynpoBoayBanock HEBIPOrigHUM NORinLLEeH-
HSIM NapameTpiB aHTUOKCUAAHTHOrO 3axMCTy Ha T/ NiABULLEHOI iHCYNIHOPE3UCTEHTHOCTI Ta NiABMLLEHOI aKTUBHOCTI nepe-
KWCHOTO OKUCMEHHS MiniaiB.

BausHUe cTaTUHOTEpANWKU Ha NOKa3aTeAu OKUCAUTEALHOI0 CcTpecca
Yy nauueHToB C apTepMaAbHOﬁ runepTel-lsMeﬁ U caxapHbimMm Anabetom 2 TMna

B. A. HemuoBa

Lienb paboTbl — U3y4nTb BNUSIHUE Tepanu CTaTUHaMK Ha NapameTpbl OKCUAAHTHOI M @aHTUOKCUAAHTHOM CUCTEM Y NaLMEHTOB
C apTepuanbHon runepTeHaveit (AlN) B coueTaHnm ¢ caxapHelM guabetom 2 tuna (CO2T).

Marepuanbl u metoabl. 126 nauneHToB (55 MyxUnH 1 71 XeHLumHa, cpeaHuii BospacT 57,8 + 6,2 roga) ¢ Al Il ctagum n
CI2T B cTagum komneHcaumum 6binv pasaeneHbl Ha 2 rpynnbl; 1 rpynna — 6onbHble ¢ Al CO2T (n = 69), koTopble NOCTOSIHHO
npUHUManu ctatuHbl (podyBactatuH 10 mr/cyTkv unu atopsactatuH 20 Mr/cyTkn) He MeHee 1 roga; 2 rpynna — naumeHThbl ¢
AT n CO2T (n = 57), KoTOpble HE MPUHUMAIOT CTaTWHbI. 20 300POBbLIX 4OOPOBOILLIEB COCTABUIN KOHTPOMBHYIO rpynmy. Vc-
CrnenoBanicb NapameTpbl JIMNMAHOTO W yIMeBogHOro obMeHa, cteneHb MHeynuHopesucTeHTHocTn (HOMA-IR), cocTosiHme
OKCWAAHTHOW cUCTeMbI (MO YPOBHIO MaioHOBOrO Auansaernaa — MOA), CocTosHne aHTUOKCMAAHTHOMN CUCTEMBI (MO aKTUBHO-
CTu rnyTaTuoHnepokenaassl (MO) u ypoBHIO cynbdrnapunbHbIx rpynn — SH-rpynn). CtatucTuka npoBoaunach ¢ NOMOLLBH
nporpamMmHoro obecneveHus Statistica Bepcum 8.0.
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Pe3ynkrathkl. B 1 rpynne Tonbko ypoeeHb xonectepuHa JIMHIT goctoBepHO oTnmyancs ot KoHTporbHoM rpynnbl (p < 0,05).
Bo 2 rpynne ypoBeHb o6Liero xonectepuHa u xonectepuna JIMHI, kak u oxuaganock, bbin Bbile, YeM B NEPBON rpynne
(p < 0,05) n koHTponkHow rpynne (p < 0,05). HecmoTps Ha 6onee BbICOKWIA YPOBEHb THOKO3bl HAaTOLLAK Y BOMbHBIX 2 rpynnb
no cpaeHeHuio ¢ 1, nHaekc HOMA-IR B 1 rpynne 6bin Boiwwe, Yem Bo 2 (7,48 + 1,76 1 7,17 + 1,54 cootBeTCTBEHHO, p > 0,05).
B 1 rpynne no cpaBHeHWIO CO 2 6bIN0 BbISIBNEHO HELOCTOBEPHOE NOBbILLEHE ypoBHS O 1 SH-rpynn Ha choHe NoBbILLEHNS

yposHst MOA (p > 0,05).

BbiBoAbI. Vcnonb3oBaHne HEBbLICOKMX 03 cTaTuHOB npu Al B codeTaHun ¢ CO2T conpoBoxaanocb HegoCTOBEPHbLIM
yryyLleHeM napameTpoB aHTMOKCUMAAHTHOM 3aLiUTbl HA (DOHE MOBbILUEHHOW WHCYIIMHOPE3WCTEHTHOCTY W MOBbILLEHHOM

AKTUBHOCTW NEPEKUCHOrO OKNUCNeHna nMnuaos.

Arterial hypertension (AH) and diabetes mellitus (DM) and
related complications remain one of the main problems
of modern medicine. The results of numerous studies in
recent decades confirm the key role of the endothelium in
regulation of vascular homeostasis. At the same time, it is
known that when oxidative stress (OS) increases, endo-
thelial function is disturbed, which causes a progression
of atherosclerosis and other cardiovascular complications
[1,2]. Currently, many authors consider oxidative stress
as a «universal framework» for the development of all
diabetes complications, associated with the impaired
endothelial function [1-3]. Another important component
of oxidative stress development is the decrease in the an-
tioxidant protection by hyperglycemia induced inactivation
of antioxidants.

In patients with hypertension, especially in the presence
of concomitant diabetes, an atherogenic dyslipidemia is
commonly observed. A large number of multicenter studi-
es have proved the efficiency of lipid-lowering therapy in
patients with hypertension for the purpose of primary and
secondary prevention [4,5]. The relevance of dyslipidemia
correction in patients with hypertension is explained by
the fact that antihypertensive drugs effect intensity depends
on the cholesterol level in blood plasma. The use of statins
as the most effective means to reduce LDL cholesterol
levels and prevent cardiovascular complications in patients
with hypertension has been justified by recommendations
of the European Society for the Study of Hypertension and
the European Society of Cardiology (ESH/ESC, 2013) [4].
However, current criteria for statin initiation are based not
on actual levels of lipidemia, but on patient’s individual
cardiovascular risk assessment. Unified clinical Protocol
of patients’ health care with hypertension, approved by
the Order of the Ministry of Health of Ukraine of 24.05.2012
#284, also contains clear instructions regarding the obliga-
tory statins prescription to persons with hypertension of high
and very high risk in the absence of contraindications [5].

Statins prescription in type 2 diabetes mellitus (DM) is
one of the fundamental principles of modern antidiabetic
therapy. Reduction of cardiovascular complications and
cardiovascular mortality in type 2 diabetes patients with
statins using for primary and secondary prevention has
been repeatedly proven, as reflected in the recommen-
dations of the American Diabetes Association (American
Diabetes Association, ADA) and European Association for
the Study of Diabetes (EASD) [1,3]. However, in clinical
practice we are often faced with a topical problem of com-
plexity in persistent medication adherence developmentin
patients with chronic diseases by reason of the need for
long-term use. This is particularly critical issue for patients
with comorbid pathology due to the forced polypharmacy,
especially in oligosymtomatic cases, feeling of well-being
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and lack of patients’ knowledge about their disease. Low
socio-economic patient’s status is also rather important.
According to the literature, statin therapy adherence is not
high enough. In addition, convincing evidence regarding
the beneficial effects of natural antioxidants on oxidative
stress has not been received. Currently, there are more
and more experimental data, conducted both in animals
and humans, proving the overwhelming oxidative stress
pleiotropic action of statins. However, available literature
contains very few data on the statins effect on oxidative
stress in comorbid pathology, most of which are obtained
by the use of high doses of statins, that in routine practice
is not very common.

Purpose

Thus, the purpose of this study was to investigate the influ-
ence of statin therapy on oxidative and antioxidant systems
indices in patients with arterial hypertension and concomi-
tant type 2 diabetes mellitus (DM2T).

Materials and methods

The study included 126 patients (55 males and 71 females),
average age of 57.8 £ 6.2 years with stage Il hypertension
and type 2 diabetes in stage of compensation, who on
the background of dietary recommendations received basic
therapy according to international and national guidelines
for management of patients with relevant pathology [3,4,6].
So at least 6 months before inclusion in the study all pa-
tients received ACE inhibitors /ARBS, diuretic (torasemide/
indapamide) in individual dosages as antihypertensive
therapy, some patients received calcium antagonists (am-
lodipine/lercanidipine). All patients received Metformin as
antidiabetic therapy in individually defined doses of 1000 to
2000 mg/day; in addition 29 (of 23.02 %) patients received
sulfonylureas. Patients with uncontrolled hypertension
were not included in the study. All patients were divided
into 2 groups: the first group consisted of patients with
hypertension and type 2 diabetes (n = 69) who constantly
received statins (rosuvastatin 10 mg/day or atorvastatin
20 mg/day) for at least 1 year, the second group — patients
with arterial hypertension and type 2 diabetes (n = 57) who
did not take statins.

The study did not include patients with symptomatic
hypertension, type 1 diabetes and other endocrinologic
disorders, clinical signs of ischemic heart disease or severe
concomitant chronic diseases.

The diagnostic criteria of hypertension, endorsed by
the European recommendations for the diagnosis and treat-
ment of hypertension (2013), were used for the selection of
patients [4]. The diagnosis of DM2T was applied according
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to approved by the Order of the Ministry of Health of Ukraine
of 22.05.2009 # 356, “On approval of protocols of medical
care to patients with endocrine diseases” [6]. The control
group consisted of 20 healthy volunteers comparable with
age and gender of the investigated patients.

The study Protocol included assessment of anthropo-
metric data, blood pressure (BP) average AP, obtained from
the three measurements in 2-minute intervals in the sitting
position.

Fasting blood glucose concentration measurement was
performed by glucose oxidase method using analyzer Hu-
molizer (manufactured in Germany). Measurement of total
serum 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 (manufactured in Germany). The
content of cholesterol in the low density lipoprotein (LDL cho-
lesterol) was calculated by the formula of Friedewald W. T.
with consideration of measurement in mmol/l: LDL choles-
terol = cholesterol — (HDL cholesterol + TG/2.22).

The blood serum insulin concentration and the glyco-
sylated hemoglobin level (HbA) ware measured by enzyme
immunoassay using a set of reagents Hummer (USA). To
determine the insulin resistance (IR) index, HOMA - IR
was used, which was calculated by the following formula:

((Glucose fasting) x (fasting insulin)) mmol/mi/22.5.

To study the antioxidative system the activity of glutathi-
one peroxidase (GPO) and the level of sulfhydryl groups (SH-
groups) were assessed. The level of malondialdehyde (MDA)
was used as a marker of severity of oxidative system activity.
The activity of GPO (KF 1.11.1.9) in EDTA-hemolysate was
determined by the decrease in the content of reduced glu-
tathione during a 5-minute incubation of a test sample of
hemolysate in the presence of oxidizing substrate — cumene
hydroperoxide by the photometric method [7]. The SH-groups
and MDA were determined in serum using photometric
method [7]. The following reagents were used: thiobarbituric
acid (Organika, Germany), dithiobisnitrobenzoic acid (Merck,
Germany), restored glutathione (Sigma-Aldrich, Germany),
cumene hydroperoxide (Merck, Germany).

The results are presented as mean values + standard
deviation from the mean value (M + SD). Statistical data
processing was performed using software package Sta-
tistica, version 8.0. To assess differences between groups
in the distribution close to normal, the criterion of Student

was used. The differences were considered statistically
significant when P < 0.05.

The present study was performed in compliance with
the basic provisions of the World Medical Association Dec-
laration of Helsinki: ethical principles for medical research
involving human subjects (1964-2000) and the Order of
the Ministry of Health of Ukraine of 23.09.2009 # 690. The
present article is a part of the research of Clinical Pharma-
cology Department of Kharkiv National Medical University
#0112U002385 “To Optimize the Diagnosis of Hypertension
and Detection of Subclinical Lesion of Target Organs in
Individuals of Young Age”.

Results and discussion

The results of our work show that, despite the significant
improvement of lipid indicators compared with individuals
who do not take statins, the use of rosuvastatin in a dose
10 mg/day or atorvastatin 20 mg/day did not always provide
sufficient normalization of cholesterol metabolism indicators
(Table 1). The patients of the 1st group retained significant
differences of the TG and LDL Cholesterol levels compared
with the control group (P < 0.05). Nevertheless, the recom-
mended target levels of TC, LDL Cholesterol, TG were got
in many patients of this group. Patients of the 2nd group
showed a more pronounced atherogenic dyslipidemia, which
was manifested as significantly higher values of TC and LDL
Cholesterol compared with the control group, and compared
with the patients taking statins. It is constantly emphasized in
the literature that doses of statins applied in routine practice
are often too small to ensure the achievement of TC and LDL
Cholesterol target levels recommended for patients with DM2T.
However, these lipid indicators are important risk factors for
cardiovascular disease (CVD). It is believed that DM2T is
the most common cause of secondary hypertriglyceridemia,
which in case of inadequate control of lipid disorders, leads to
insulin resistance, hypertension and atherosclerosis. Although
information on the relationships between TG and risk of CVD
and its complications development is very controversial. The
present study observed hypertriglyceridemia in both groups
of patients, more pronounced in the second group, which
was significantly different from the level in the control group (1
group—1.75+0.33 mmol/l, 2 group—2.14 + 0.28 mmol/l, con-
trol group —1.03 £ 0.30 mmol/l, P < 0.05). The intake of statins
in this study did not cause a significant decrease in TG levels.

Table 1. Comparative characteristics of lipid and carbohydrate metabolism and oxidant-antioxidant system

in patients with hypertension and type 2 diabetes depending on the use of statin therapy

Indicator Control 1 group 2 group
(n=20) (n=69) (n=57)

Cholesterol, mmol/l 477 +£0.52 5.16+0.29 5.85+0.36%. **
TG, mmol/l 1.03+0.30 1.75+0.33* 2.14 +0.28*
VLDL cholesterol, mmol/l 0.54 +0.22 0.79£0.17 0.89+0.34
HDL cholesterol, mmol/l 1.45+0.30 1.24+0.18 120+0.11
LDL cholesterol, mmol/l 26+0.33 3.08+0.12* 3.76 £ 0.45*. **
Glucose, mmol/l 462+1.08 7621134 8.09+1.16*
HOMA-IR 2.23+0.36 7.48 +1.76* 7.7 +1.54*
Glycated hemoglobin, HbA (%) 4.62+1.08 7.28+0.68* 7.88+0.54*
Malonic dialdehyde (MDA) umol/l 4071022 6.75+1.18* 6.44+1.03*
Glutathionperoxidase (GPO) (ukat/GNF) 6.77 £ 0.52 530+093* 511+0.87*
The SH groups (umol/l) 712.26 + 11.08 570.56 + 13.71* 555.24 + 14.63*

*: P <0.05 when compared with the control group; **: P < 0.05 when compared groups 1 and 2.
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Despite the fact that the level of fasting glucose in
patients of the 2 group was higher than in the 1 group,
the index of insulin resistance — HOMA in a group of people,
taking statins was higher, which confirms the opinion about
the worsening of insulin resistance even when using low
doses of statins. By now there are numerous data about
the negative effects of statins on carbohydrate metabolism,
insulin synthesis and cells receptor sensitivity. Data of
randomized, placebo-controlled study published in 2010
showed the effect of 2-month therapy with atorvastatin at
doses of 10, 20, 40 and 80 mg/day on the level of insulin,
glucose, glycosylated hemoglobin, lipoprotein and apopro-
teins B in blood plasma compared to placebo in patients with
hypercholesterolemia [8]. It has been noted, that despite
the significant reduction in LDL cholesterol and apo B levels,
atorvastatin treatment increased fasting insulin levels and
glycated hemoglobin against the backdrop of increasing
insulin resistance and increasing random glycaemia in
patients with hypercholesterolemia. However, it should be
noted that not all researchers have found the carbohydrate
metabolism disorders on the background of atorvastatin use.

Regardless lipid-reducing activity in recent years
some studies have appeared in which a great importance
is paid to the statins ability to decrease in cardio-vascular
risk by influencing OS, preventing or reducing endothelial
dysfunction. For instance in the experimental study of Celal
Kilitet al. (2017) it has been shown that lovastatin prevents
endothelial dysfunction development by OS suppressing in
various models with high CVD risk [9].

In earlier experiments, conducted mainly on animals,
using fluvastatin and simvastatin, positive changes after
statins prescription were observed, not only in inflammatory
processes but also in indicators of peroxidation [8].

Despite the available data on the favorable influence of
modern anti-hypertensive [10] and antidiabetic [2] therapy
on oxidative stress, our results demonstrate the presence
of strong OS in patients with combined course of AH
and DM2T. This is manifested in a significant increase in
the MDA levels (P < 0.05) and decrease in GPO (P < 0.05)
and SH-groups (P < 0.05) levels compared to healthy
volunteers. In the group of patients receiving atorvastatin/
rosuvastatin, compared to patients not taking statins, we
observed the following: on the background of tendency
in antioxidant protection (GPO and SH-groups) indices
improvement which does not reach accurate values, the oxi-
dative system activation is observed, resulting in increased
values of MDA (6.75 £ 1.18 mmol/l, 6.44 + 1.03 mmol/l,
respectively, P > 0.05). The oxidative system intension in
patients of the 1st group may be explained by the increase
in the degree of insulin resistance caused by statins, and
improved antioxidant protection — confirmation of actual
pleiotropic effect of this group of drugs. Also the authors
of the present study suggest that insufficiency of the an-
tioxidant actions of statins in the first group of patients is
associated with the inadequate doses of drugs for this effect
realization, which can be seen by the lipid indicators. Taking
into account that the data of recent studies, according to
results of which it is recommended to use the levels of
MDA as risk of complications markers in patients with type
2 diabetes, especially poorly compensated [11], researches
in this area have both significant scientific importance and
practical value.
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Conclusions

1. The combined course of arterial hypertension and
type 2 diabetes mellitus is accompanied by the presence
of marked oxidative stress, despite the presence of stable
anti-hypertensive and anti-diabetic therapy.

2. The use of statins in patients with arterial hyper-
tension and type 2 diabetes mellitus was accompanied
by an improvement of antioxidant protection indicators
on the background of increased insulin resistance and
increased activity of lipid peroxidation — MDA.

3. The use of atorvastatin 20 mg or rosuvastatin 10 mg
was accompanied by a slightly marked positive influence on
oxidative stress in patients with arterial hypertension and
type 2 diabetes mellitus.

4. Despite the presence of contradictory data regarding
the negative impact of statins on particular parts of meta-
bolism in patients with type 2 diabetes mellitus, the obtained
results have demonstrated the undeniable benefits of statin
therapy and the need to improve patient adherence, espe-
cially in cases of comorbid pathology that increases the risk
of cardio-vascular complications development.

Prospects: since the majority of statins effects
on oxidative stress in humans studies was performed
using high doses of drugs, it is necessary to conduct a
more detailed study of the most frequently used doses
in practical medicine on oxidative stress indicators influ-
ence and their interaction with other metabolic systems
in individuals with comorbid pathology, including type 2
diabetes mellitus.
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