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BO3MOKHOCTHA NPUMEHEHUSI MET®OPMHUHA U1 KOPPEKIIMA
JHAOTEIHNAJBHOU JUCOYHKIUN U AJAIITAIIMOHHBIX PE3EPBOB
OPI'AHU3MA Y BOJIBHBIX METABOJIMYECKUM CHUHAPOMOM
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I]ens. VI3yyeHne BO3MOXXHOCTEH MEIMKAMEHTO3HOW KOPPEKIHMH MET(HOPMUHOM KIMHUKO-
1ab0paTOpHBIX IMOKa3aTelel, IHAOTeNNaAIbHON AUCHYHKINN U HecleuupUIecKuX ajanTaluoH-
HBIX PE3€pBOB OpraHu3Ma y 00JIbHBIX MeTaboaudeckuM cunapomom (MC).

Mamepuanvt u memoovi. B TpEXMecsuHON MporpamMme JICUSHHUsS MPUHSUIM y4yacTue 53
6onbpHBIX MC, paHIOMH3MPOBAHHBIX B JIBE CONOCTaBUMEBIE TPyNIbI. [laineHTs! TPYNIbl KOHTPOIIS
COOIII0JaNI MHAWBUYAIBHYIO TUMOKAJTIOPUIHYIO IHETY W PEXKHUM JO3MPOBAHHBIX (DU3NIECKUX
Harpy3ok. bonbHbIe HccneayeMoil Tpynmbl JONOTHUTENBHO K BBIIICU3I0KEHHON POorpaMMe Mo-
mudukanuu odpasza KU3HH MPUHUMAIU MeTGopMuH. Bcem ydacTHUKAaM MCCIIeNOBaHUS JIBYKpaT-
HO OLIGHHBAJIM aHTPONOMETPUUYECKUE U KIMHUKO-T1a00paToOpHbIe MOKa3aTeld, a TaKKe aHAIU3U-
pOBaIM KOMIIO3UTHBINA COCTaBa Teja, COCTOSHUE COCYIMCTOTO SHIOTENUS M Hecnenu(puyecKue
aJlanTallMOHHbIE pe3epBbl opranu3Ma. CTemneHb SHIAOTENUANBHOW MUCHYHKIMHA OLIEHUBAIN TI0
YPOBHIO 3HJIOTENHMHA-1 U MmoKa3aTensiM (HOTOIIETH3MOTpadhUIecKOro UCCIeI0BaHus, HecTienupu-
YeCcKHUEe aJlalTallMOHHBIE PE3ePBbI — METOAOM aHaIN3a BapuadebHOCTH CepPACYHOr0 PUTMA.

Pezynomamer. MethopMUH B COUETaHUM C QUETOTEpanueld M (PU3NYECKUMH Harpy3Kamu
nokasai ceds B KauecTBe 0€30MacHOro JEKapCTBEHHOTO Mpenapara Uit KOPPEKIUH KOMIIOHEHTOB
MC wu sHporenuanbHON muchyHKuu. Y OonpHBIX MC mpumeHeHne codeTaHus MeThopMHUHA,
IMETOTEpaNy U J03UPOBAHHBIX (DU3MUYECKHX HArPY30K B CPABHEHUU C UCIIOIB30BAHUEM TOJBKO
MporpaMMbl MOAU(HUKAIIMN 00pa3a >KM3HU MPUBOIUT K CHUKEHHIO MHJEKCA MACChl Tela, OKPYXK-
HOCTHU Tajuu (y >KEHIIMH) M Macchl o0mero xupa. BHenpenue merdopMuHa B nporpamMmmy Kom-
IUIeKCHOM Tepanuu 601bHBIX MC criocoOcTByeT OoJiee BhIpa)K€HHOMN, HEKEIH TOIBKO U3MEHEHHE
o0pasa KHU3HHU, KOPPEKIMH MOKa3aTeNIe yriaeBOJHOTO OOMEeHa, CHIDKCHHIO 3HAYSHHUI YHIOTEIH-
Ha-1 ¥ MHJEKCa KECTKOCTH CTEHKH a0PThI, YCHICHUIO aKTUBHOCTH ITAPACUMITATHYECKOTO KOHTYpa
pEryJISIIIUY BET€TaTUBHOW HEPBHON CUCTEMBI.

3aknwuenue. Vicnonb3zoBaHue MeTGOPMHHA B COCTaBe KOMILJIEKCHON Tepanmuu MeTadoiu-
YEeCKOI'0 CHH/IPOMA B CPaBHEHUH C MPpOrpamMMmoiil Moudukauy o0pasa >Ku3HU CcI1ocoOcTBYeET 00-
Jiee 3HAYMMOMY CHIDKEHUIO KIMHUKO-JIA0OPAaTOPHBIX IMOKa3aTelNel, SHAOTeNHaIbHOH AuchyHK-
[IUH ¥ YITYYIIEHHIO HeCenn(PUIECKUX aJalTAllMOHHBIX PE3€PBOB OPraHN3Ma.

Knioueevle cnosa: memabonuueckuii CUHOPOM;, MemM@OPMUH; IHOOMENUANbHASL OUCPYHK-
yus; sHoomenun-1; sapuadbenvnocms cepdeurnoco pumma.

POSSIBILITIES OF USE OF METFORMIN FOR CORRECTION OF ENDOTHELIAL
DYSFUNCTION AND ADAPTATION RESERVES OF AN ORGANISM IN PATIENTS
WITH METABOLIC SYNDROME

A.A. Nizov, E.l. Suchkova, A.l. Girivenko, L.V. Nikiforova
Ryazan State Medical University, Ryazan, Russia

Aim. To study possibilities of pharmaceutical correction of clinical laboratory parameters,
of endothelial dysfunction and non-specific adaptation reserves in patients with metabolic syn-

POCCUNUCKUA MEAUKO-BUOJNIOTMYECKUA BECTHUK I.P. PAVLOV RUSSIAN MEDICAL
nmeHu akagemuka W.MN. NaBnoBa. 2019. T. 27. Ne4. C. 458-467 458 BIOLOGICAL HERALD. 2019;27(4):458-67



http://creativecommons.org/licenses/by/4.0/

OPUITMHANbHOE UCCINEQOOBAHUE

DOI:10.23888/PAVLOVJ2019274458-467 ORIGINAL STUDY

drome (MS) through use of metformin.

Materials and Methods. The three-month program involved 53 patients with MS rando-
mized to two comparable groups. Patients of the control group were kept on individual low-
calorie diet and practiced graduated exercises. Patients of the studied group, besides the men-
tioned program of modification of the lifestyle, took metformin. In all participants, anthropomet-
ric and clinical laboratory parameters were twice evaluated, total body composition, condition of
vascular endothelium and non-specific adaptation reserves of an organism were analyzed. The ex-
tent of endothelial dysfunction was evaluated by the level of endothelin-1 and by parameters of
photoplethysmographic examination, non-specific adaptation reserves — by the method of analysis
of the cardiac rhythm variability.

Results. Metformin in complex with dietary therapy and physical exercises proved to be a
safe medical drug for correction of components of MS and of endothelial dysfunction. Use of met-
formin in patients with MS in combination with dietary therapy and graduated physical exercises
as compared to use of the program of modification of the lifestyle alone, leads to reduction in the
body mass, waist circumference (in women) and of the total fat mass. Introduction of metformin
into the program of complex therapy of patients with MS, provides more evident correction of the
parameters of carbohydrate metabolism, reduction of endothelin-1 and stiffness index of the aortic
wall, enhancement of parasympathetic regulation, than modification of the lifestyle alone.

Conclusion. Use of metformin in the complex therapy of metabolic syndrome in compari-
son with the program of modification of the lifestyle, promotes a more significant reduction of the
clinical laboratory parameters, of endothelial dysfunction and improves non-specific adaptation
reserves of an organism.

Keywords: metabolic syndrome; metformin; endothelial dysfunction; endothelin-1; cardiac
rhythm variability.

Metabolic syndrome (MS) is a cluster in most cases dysfunction of the vascular
of traditional and common conditions — lining is associated with the increased produc-
abdominal obesity, dyslipidemia, arterial hy- tion of some vasoconstrictors, the most im-
pertension and hyperglycemia — that increase portant being endothelin-1 (ET-1) [8]. En-
risk of developing cardiovascular diseases hanced production of ET-1 is considered to be
[1,2,3]. These components of MS have a a marker of ED [9,10]. Hyperinsulinemia
common pathogenesis — a cascade of meta- leads to expressed production of ET-1 by
bolic and hormonal disorders launched by in- endotheliocytes that further increases vaso-
sulin resistance preceded by imbalance of the constriction [9,11].
autonomic nervous system [4-6]. However, At present an important task is de-
recently the increasing attention of scientific velopment of effective methods of influence
community is being given to the role of endo- on the condition of the vascular lining and
thelial dysfunction (ED) in the pathogenesis of therapeutic strategies for arrest of progress
of MS [6]. Numerous research works point to of ED in patients with MS. A promising
a tight connection between insulin resistance method of correction of ED and components
and reduction of the response of the vessel of MS may be therapy with metformin in
wall to vasodilating influences. Alterations of complex with dietary therapy and graduated
the vessel wall to a large extent are mediated physical exercises. Metformin, besides hypo-
by reduction of nitric oxide (NO) — the most glycemic effect, possesses a high cardio-
potent relaxant of the vessel wall [7]. Besides, protective potential through some pleiotropic
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effects: it produces a positive influence on
the endothelial lining of the vessels, and
possesses hypolipidemic and antiatherogenic
effects [12].

Aim — to study possibilities of dietary
and pharmaceutical correction of clinical
laboratory parameters, of ED and non-
specific adaptation reserves of an organism of
patients with MS.

Materials and Methods

The work was carried out in 2017-2018
on the base of RyazSMU and Municipal Clin-
ical Hospital Nell (Ryazan) according to
Good Clinical Practice and principles of Dec-
laration of Helsinki. The protocol of the study
was approved by Local Ethical Committee of
RyazSMU (Ne3 of 2016 October 9).

The study involved 53 patients (10 men
and 43 women) of 25-65 years of age with
verified diagnosis of MS.

MS was diagnosed by the presence of
the main criterion — visceral obesity ((waist
circumference (WC) >94 cm in men and >80
cm in women)) and of two additional criteria
— arterial hypertension (AH) (systolic arterial
pressure (AP) >140 mmHg and/or diastolic
AP >90 mm Hg), level of triglycerides (TG)
>1.7 mmol/L, of high density lipoprotein cho-
lesterol (HDL cholesterol) <1.0 mmol/L in
men and <1.2 mmol/L, of low density lipo-
protein cholesterol (LDL cholesterol) >3.0
mmol/L, fasting blood glucose >6.1 mmol/L
or blood glucose in 2 hours after glucose load
in the range >7.8 and <11.1 mmol/L [1].

All participants had stable parameters
of lipid and carbohydrate profile and did not
take hypolipidemic and hypoglycemic medi-
cal drugs in the preceding 6 months. Criteria
of exclusion were renal and hepatic failure,
congestion heart failure, respiratory failure,
ischemic heart disease, diabetes mellitus,
alcoholism, known intolerance to metformin,
a possibility of use of radiocontrast substan-
ces, pregnancy or lactation.

Individuals included into the study
were randomized to two groups — the studi-

ed group (n=28, 6 men and 22 women) and
the control group (n=25, 4 men and 21
women). The patients included into the
study had a sufficient level of compliance
and adherence to treatment and signed a
voluntary informed consent before inclusion
into the program.

All participants received a low-calorie
individual diet, were keeping the diary of nu-
trition and were doing graduated physical ex-
ercise for not less than 40 minutes a day. The
patients of the group of study received met-
formin at a dose of 2000 mg/day in addition
to dietary therapy and physical activity. The
patients of the control group (n=25) only car-
ried out the above measures for modifi-cation
of the lifestyle. All the participants received
pharmaceutical correction of AH according to
the actual clinical recommen-dations. Dura-
tion of the observation was 3 months.

In randomization and in the course of
treatment, the general examination was
conducted with obligatory measurement of
the arterial pressure by Korotkoff method
and evaluation of anthropometric parame-
ters ((body mass (BM), WC and body mass
index (BMI) calculated by Quetelet formu-
la). The data of clinical urine and clinical
blood ana-lyses, electrocardiogram, values
of transaminases, of creatinine and lipid
spectrum (TG, LDL cholesterol, HDL cho-
lesterol) were evaluated twice. Condition of
carbohydrate metabolism was evaluated by
the results of oral glucose tolerance test
(OGTT) and the level of glycosylated he-
moglobin (HbAlc).

Total body composition was examined
twice using the accepted method of Body im-
pedance on ABC-01 Medass device (Russia)
at the frequency of probe current 50 kHz.
Within the frames of this work, mass of the
total fatty tissue, skeletal-muscular mass, total
fluid mass and lean mass were determined.
Normal values of the given parameters were
automatically calculated by the program indi-
vidually for each patient.
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Before the study and after its comple-
tion, the condition of vascular endothelium
was evaluated by the level of ET-1 in the
blood serum and according to the data of
photoplethysmographic examination on the
hardware-software complex AngioScan-01M
(Russia).

ET-1 level in blood serum was deter-
mined by immunoenzymometric method us-
ing kits of Biomedica cat. Ne BI-20052 on the
apparatus  Labsystems  MultiScan MS
Ne35200 7588 after 12-hour fasting. The ref-
erence median value given in the instruction
to the reagent was 0.26 fmol/mL. This work
was conducted on the base of Central research
laboratory of RyazSMU.

Evaluation of the automated contour
analysis of pulse wave on the AngioScan-
01M apparatus included measurement of:

- stiffness index (SI) — parameter re-
flecting the viscous-elastic properties of large
resistance vessels (normal values 5-8 m/s);

- reflection index (RI) — parameter
characterizing spasm of small peripheral ar-
teries of muscular type (permissible values do
not exceed 30%);

- calculated augmentation index
(Alp75) — index of stiffness of the aortic wall.
Its value depends on the stiffness of the aorta
and noticeably increases with age.

Systemic non-specific mechanisms of
adaptation were analyzed by a method of
mathematical analysis of the cardiac rhythm
using Varicard complex (Russia) in randomi-
zation and after completion of the observa-
tion. Parameters of the activity of the para-
sympathetic regulation — root mean square
deviation of SDNN (normal values up to 40-
80 ms) and RMSSD (permissible values 20-
50 ms), and also parameters of the activity of
sympathetic regulation — index of strain of
regulatory systems IS (normal values 80-150
conv. un.) and index of centralization IC
(permissible values 1.3-2.5 conv. un.) were
evaluated.

Statistical processing of the obtained
results was carried out using personal com-
puter with the operation system Microsoft
Windows 7, software Microsoft Excel 2016
and Statistica 6.0 (StatSoft Inc., USA).
Nominal and categorical variables were pre-
sented as absolute and relative values [n
(%)]. For comparison of relative parameters
in two independent groups by quality char-
acteristic, Pearson’s y2 rest was used, or
Fisher’s exact test in case of the lowest val-
ue of the expected characteristic <5. Nor-
malcy of distribution of characteristics was
determined using Shapiro-Wilk test. The
distribution was considered normal at
p>0.05. Other than normal distribution of
characteristics was presented as Me [Q25;
Q75], where Me is median, and Q25 and
Q75 are the values of the lower and upper
quartiles, respectively. For comparison of
the two groups of patients on the basis of
quantitative characteristics Mann-Whitney
test was used. The critical level of signifi-
cance in verification of statistical hypothe-
ses was taken to be p<0.05.

Results and Discussion

At the beginning of the study all the pa-
tients were comparable in clinical and labora-
tory data, in parameters of the functional con-
dition of the endothelium and variability of
the cardiac rhythm (Table 1). It should be
noted that patients were also divided to
groups by the amount of the administered an-
tihypertensive medical drugs [13]. This is as-
sociated with the peculiarity of some antihy-
pertensive medical drugs to influence the
condition of the endothelium.

In body impedance assessment, all pa-
tients at the moment of randomization were
diagnosed with a significant increase in
mass of the total fatty tissue relative to the
individual norm. The values of lean mass,
skeletal-muscular mass and total fluid mass
were within the individual norm in all par-
ticipants of the treatment program.
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Table 1
Clinico-Demographic Characteristics of Studied Patients with MS
at the Moment of Inclusion into Study
Parameter Studied Group Control Group p

n 28 25 -
Age, years; Me [Q25; Q75] 51.4+4 49.1+6 0.96"
BM, kg; Me [Q25; Q75] 91 [77;100] 84 [77:102] 0.73"
BMI, kg/m?; Me [Q25; Q75] 32.2[29,1;34,7] 34[29.7;38.3] 0.341

_ _ women 99 [89;104] 103 [95;110.5] 0.17
WC, cm; Me [Q25; Q75] men 113 [110:116] 102.5 [96;110] 0.117

Antihypertensive Therapy
Enalapril, % 14.3 20 0.31°
Lisinopril, % 10.7 125 0.88°
Perindopril, % 17.9 24 0.58°
Losartan, % 7.1 4 0.62°
Valsartan, % 28.6 28 0.967
Telmisartan, % 7.1 4 0.62°
Indapamide, % 28.6 28 0.96°
Hypothiazid, % 21.4 24 0.12°
Metoprolol, % 25 20 0.54°
Nebivolol, % 7.1 4 0.41°
Amlodipine, % 21.4 28 0.58°
Moxonidine, % 10.7 16 0.57°
Body Impedance Assessment
Total fat mass, kg; Me [Q25; Q75] 34.2 [28.4;43.6] 40.9 [27.7;51] 0.28'
Lean mass, kg; Me [Q25; Q75] 54.4 [47.4;58.4] 50.4 [46.9;58.2] 0.49"
Skeletal-muscular mass, kg; Me [Q25; Q75] 23.7 [19.9;26.3] 20.8[19.4;24.9] 0.31"
Total fluid mass, kg; Me [Q25; Q75] 40.5 [34.9;42.8] 36.9 [34.4;41.5] 0.29"
Carbohydrate and Lipid Metabolism
Fasting glucose, mmol/L; Me [Q25; Q75] 5.9 [5.4;6.9] 5.7 [5.2;5.9] 0.08"
OGTT, mmol/L; Me [Q25; Q75] 8[7.7:9.8] 8.2 [7.1;8.8] 0.427
HbA1Lc, %; Me [Q25; Q75] 6.5 [5.9;6.8] 6.4 [6.2;6.8] 0.897
LDL cholesterol, mmol/L; Me [Q25; Q75] 4.2 [3.4;4.9] 3.9[2.9;4.2] 017
HDL cholesterol, mmol/L; Me [Q25; Q75] 1.3[1.1;1.5] 1.3[1.2;1.5] 0.61"
TG, mmol/L; Me [Q25; Q75] 1.9[1.4,2.4] 1.7 [1.1;2.2] 0.23"
Functional Condition of Endothelium
ET-1, fmol/mL Me [Q25; Q75] 0.36 [0.2;0.61] 0.52 [0.28;1.12] 0.47
SI®, m/c ; Me [Q25; Q75] 7.8[7.2;8.2] 7.6 [7.3:7.9] 057
Alp75, %; Me [Q25; Q75] 14.2 [10.8; 21.5] 16.5 [7.4;24.6] 0.77"
RI%, %; Me [Q25; Q75] 31.8[28.6; 45.4] 33.6 [27.5;44.3] 0.747
Variability of Heart Rhythm

SDNN®, ms; Me [Q25; Q75] 71 [30;163] 36 [24;121] 0.25"
RMSSD®, ms; Me [Q25; Q75] 39 [16.5;127] 34 [18.5;111] 0.85"
SI”, conv. un.; Me [Q25; Q75] 388 [146:668] 502 [178;804] 0.20"
IC®, conv. un.; Me [Q25; Q75] 5.5[2.1;8.1] 3.1[1.03;5.1] 0.16"

Note: ! statistical significance for Mann-Whitney test, ? statistical significance for Pear-
son/Fisher x2 test, * normal values 5-8 m/s, * normal values up to 30%, > normal values 55-65 ms;

® normal values 20-50 ms; " normal values 80-150 conv. un.;

normal values 1.3-2.5 conv. un.
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All patients completed the research
program in full volume. In the course of
treatment 79.2% (n=42) of participants
showed a good tolerance of metformin,
20.8% (n=11) showed satisfactory tolerance.
Satisfactory tolerance was considered to be
unfavorable effects in the form of short-term
diarrhea and/or nausea which disappeared
within the first 4-5 days of intake of metfor-
min. These phenomena were brief and mild,
they disappeared spontaneously, did not ap-

pear when the dose of the preparation in-
creased and were not accompanied by any
significant deviations in the laboratory pa-
rameters. During the whole period of study
no side effects and significant pathological
alterations of general clinical parameters
were recorded which could lead to cancella-
tion of the drug.

Clinical characteristics of patients with
MS after 3-month course of treatment is given
in Table 2.

Table 2
Clinical Characteristics of Studied Patients with MS on Completion of Study
Parameter Studied Group Control Group p

n 28 25 -
BM, kg; Me [Q25; Q75] 85 [74;93] 84 [76;99] 0.5"
BMI, kg/m?; Me [Q25; Q75] 30.5 [27.6;33] 33.7[28.1;37.3] 0.00411

. . women 96 [84;99] 100.5 [93.5;109] 0.02
WC, cm; Me [Q25; Q75] men 109 [102;109] 100.5 [93.5,102] 0.9"

Body Impedance Assessment
Total fat mass, kg; Me [Q25; Q75] 30.5[22.8;38.1] 39 [30.1;48.4] 0.04!
Lean mass, kg; Me [Q25; Q75] 54.2 [47.6;57.5] 50.6 [47.2;57.1] 0.47
Skeletal-muscular mass, kg; Me [Q25; Q75] 23 [20.3;27.1] 21.2 [19;25.3] 0.26
Total fluid mass, kg; Me [Q25; Q75] 40 [34.9;42.4] 37.1[34.5;41.8] 0.36
Carbohydrate and Lipid Metabolism
Fasting glucose, mmol/L; Me [Q25; Q75] 5.5 [5;5.9] 5.5[5.1;5.8] 0.83
OGTT, mmol/L; Me [Q25; Q75] 6.9 [6.7;7.4] 7.8 [6.9;8.9] 0.03!
HbAlc, %; Me [Q25; Q75] 5.2 [5.1;5.6] 5.9 [5.5;6.1] 0.01"
LDL cholesterol, mmol/L; Me [Q25; Q75] 3.5[3.2;4.2] 3.3[2.7;3.8] 0.74
HDL cholesterol, mmol/L; Me [Q25; Q75] 1.5[1.2;1.7] 1.41.2;1.7] 0.88"
TG, mmol/L; Me [Q25; Q75] 1.6 [1.1;1.8] 1.5[1;2.1] 0.7"
Functional Condition of Endothelium
ET-1, fmol/mL; Me [Q25; Q75] 0.21[0.14;0.39] 0.420.3;0.74] 0.02"
Sl, M/c ; Me [Q25; Q75] 8.5[7.1;7.8] 8.1[7;7.6] 0.21"
Alp75, %; Me [Q25; Q75] 22 [6.9;17.5] 23.7 [4.6;21.8] 0.04!
RI, %; Me [Q25; Q75] 31.9 [27.8;43.5] 34.7 [26.4;38.1] 0.98"
Variability of Heart Rhythm

SDNN, ms; Me [Q25; Q75] 170 [119;271] 116 [46;178] 0.03
RMSSD, ms; Me [Q25; Q75] 156 [111;281] 125 [67.5;315] 0.3"
Sl, conv. un.; Me [Q25; Q75] 297 [182;673] 428 [275;802] 0.2"
IC, conv. un.; Me [Q25; Q75] 2.4[1.5;5.1] 2.1[0.9;9.4] 0.16"

Note: ! —statistical significance for Mann-Whitney test

According to the data of Table 2, values
of BM, BMI and WC decreased in both
groups of patients which evidences the effec-
tiveness of lifestyle modification for correc-

tion of MS. Here, in the course of the body
impedance assessment it was found that BM
in all patients decreased primarily due to loss
of the total fatty tissue, while skeletal-
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muscular mass, total fluid mass and lean mass
showed almost no changes after the treatment
course. However, patients of the studied
group who received metformin, evidently
showed a more significant reduction of BMI,
WC in women, and of the total fat mass than
patients of the control group. The identified
positive effect of metformin in respect of re-
duction of fatty tissue agrees with the litera-
ture data. Thus, according to the results of
earlier studies, metformin showed a sufficient
anorexigenic effect aimed at reduction and
stabilization of the body mass and reduction
of deposition of visceral fatty tissue [14].

Resting on the results of Table 2, it is
important to note a positive effect of metfor-
min in respect of correction of disorders of
carbohydrate metabolism in patients with MS.
Thus, with intake of metformin, a statistically
more reliable reduction of OGTT and HbAlc
in comparison with control group was noted.
These results evidence a sufficient hypogly-
cemic potential of metformin. A good tole-
rance to metformin shown in the given study
permits to recommend it for inclusion into the
complex correction of disorders of carbohy-
drate metabolism in patients with MS [15].

Analysis of the dynamics of the pa-
rameters of lipid metabolism with the under-
lying treatment shows reduction of LDL cho-
lesterol, HDL cholesterol and TG (Table 2).
However, no reliable difference was found be-
tween the numeric values of these parameters
in the studied group and in the control group.
Thus, according to the results of this study, a
hypolipidemic effect of three-month intake of
metformin in patients with MS was compara-
ble with that of three-month application of the
program of the lifestyle modification. Howev-
er, data of the earlier studies show
antiatherogenic potential of metformin [16].
The insufficient effectiveness of this drug in
respect of correction of lipid metabolism may
be attributed to a short observation period.

In the course of study a positive influ-
ence of metformin on the parameters of the

functional condition of the endothelium was
shown. Correction of ED with metformin
resulted in more significant reduction of
ET-1 and Alp75 values than in the control
group (Table 2). These results agree with li-
terature data. In the earlier studies a positive
effect of metformin on correction and
maintenance of integrity of the endothelium
was shown. In three-month course of treat-
ment with metformin at a dose of 1000
mg/day, the values of endothelium-dependent
dilatation of the brachial artery in patients
with MS evidently improved [17]. In young
women with polycystic ovarian syndrome, the
values of ET-1 and parameters of endothe-
lium-dependent dilatation of the brachial ar-
tery showed a statistically significant reduc-
tion after 6-month treatment with metformin
at a dose of 1700 mg/day [18].

Patients of both groups showed a ten-
dency to increase in the parameters of the
parasympathetic regulation — SDNN and
RMSSD (Table 2). Here, SDNN more signif-
icantly increased in the patients of the studied
group than of the control group. The given
results indicate a positive effect of metformin
in terms of correction of non-specific adapta-
tion mechanisms. Taking into account an un-
favorable effect of hyperglycemia on non-
specific adaptation reserves of an organism, it
IS possible to make a conclusion about con-
nection of improvement of parameters of pa-
rasympathetic regulation with the hypogly-
cemic effect of metformin [6,15].

Thus, in patients with MS, besides a
glycemic effect of metformin in complex
therapy, a number of pleiotropic effects were
found. With correction of MS with metfor-
min, there were noted more positive than in
the control group, changes of BM, of WC in
women and of the total fat mass, and also
more significant reduction of the endothelial
dysfunction evaluated by ET-1 level and by
parameters of photoplethysmographic study,
and increase in the parameters of parasympa-
thetic regulation.
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Conclusion

According to the results of the given
study, metformin in combination with die-
tary therapy and physical exercises showed
itself to be a safe and effective medical drug
for correction of components of metabolic
syndrome, of endothelial dysfunction and
non-specific reserves of an organism. Use of
metformin in complex therapy for metabolic
syndrome within 3 months is safe and clini-
cally more effective than programs of modi-
fication of the lifestyle alone. A combination
of metformin, dietary therapy and graduated
physical loads within 3 months in patients
with MS leads to a more reliably evident
reduction of body mass, waist circumference
in women, total fat mass (by the data of
body impedance assessment), normalization

of the parameters of carbohydrate metabo-
lism than use of measures for correction of
the lifestyle alone.

Besides, a course of treatment with met-
formin in combination with measures for cor-
rection of the lifestyle within 3 months more
significantly than in the control group, im-
proves the values of endothelin-1 and index
of the aortic wall stiffness (Alp75) evaluated
by a photoplethysmographic method, and
leads to enhancement of the activity of para-
sympathetic regulation.

Thus, taking into account safety and a
number of pleiotropic effects of metformin, it
is possible to use it as a means for correction
of endothelial dysfunction and for reduction
of the risk of developing cardiovascular
diseases in patients with metabolic syndrome.
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