ISSN 2079-8334. Ceim meouyunu ma 6ionozii. 2023. No 1 (83)

DOI 10.26724/2079-8334-2023-1-83-126-130
UDC 616.61-004.6

THE ROLE OF LIPID METABOLISM IN THE DEVELOPMENT OF ENDOTHELIAL
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The purpose of the study was to study the relationship between lipid metabolism and flow-mediated dilation and
endothelium-independent vascular dilation in diabetic nephropathy patients. The study included 120 patients with chronic kidney
disease against the background of diabetic nephropathy. They were divided into 4 groups according to the stages of disease. The level
of flow-mediated dilation in the brachial artery was determined by the hyperemic test and the level of endothelium-independent
vascular dilation by the nitroglycerin test. The lipid spectrum was assessed by the level of total cholesterol, triglycerides, high-density
lipoproteins, low-density lipoproteins in blood serum, as well as by calculating the atherogenic coefficient. In the 1st group, a moderate
inverse relationship was determined between flow-mediated dilation and total cholesterol, triglycerides, atherogenic coefficient
(respectively, r=-0.503, p<0.05; r=-0.513, p<0 0.05; r=-0.531, p<0.05). At subsequent stages of chronic kidney disease, the
correlation in the groups was of the same nature (0.726, p<0.01). Thus, the results obtained indicate the effect of changes in the blood
lipid spectrum on the degree of flow-mediated dilation and absence of influence on endothelium-independent vascular dilation.
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POJIb JIIIIITHOT'O OGEMIHY Y PO3BUTKY EHJOTEJIIAJBHOI JUC®YHKIIII
MPU JIABETUYHIN HE®POIIATI{

B e L SN
///////////////////////////////////////////////////////////////////////////////////////////

Mertoro nocnikeHHs Oyiio BUBYEHHS B3a€MO3B'SI3Ky MDK JIIITITHIM OOMIHOM Ta IOTIK-ONOCEPEIKOBAHOIO JIIIIATAIIIEl0, &
TaKOX EHIOTelHe3ae)KHOI0 CYAMHHOI0 JWIIATAlli€l0 y XBOpUX Ha AiaberndHy Hedpomarito. Bymo obcrexxeHo 120 xBopux 3
XPOHIYHOIO XBOPOOOIO HUPOK, II0 PO3BUHYJAcs Ha (oHi AiabeTHyHOI Hedpomarii, po3aileHHX Ha 4 IpyIH, 3aJIeXHO BiI cTafii.
Busnayanu piBeHb MOTIK-OMOCEPEKOBAHOI IMJIATallii IIe4oBOi apTepii 3a IOMOMOrOI TilmepeMidHoi HpoOW Ta piBeHb
SHIOTeNHHe3aIeKHOT CYAMHHOI JpiaTanii 3a JIOIOMOTOK0 HIiTPOINIIIEpHHOBOI NMpoOu. JIimigHUH CIIEKTp OLIHIOBAJIM 3a PiBHEM
3arajbHOTO XOJICCTEPHHY, TPUIJILICPHUIIB, JIMOMPOTEIiB BUCOKOI IUILHOCTI, JIMOMPOTEIiB HU3BKOT MIITBHOCTI Y CHPOBATII KPOBI,
a TaKOX LULIXOM PO3paxyHKy Koe(illieHTa aTeporeHHocTi. Y 1-if rpymi Bu3Ha4yaiacs MoMipHa 3BOPOTHA 3aJIGKHICTh MiXK IOTIiK-
OIOCEPEIKOBAHOKO TUJIATAIIIEIO T 3aTATBHAM XOJIECTEPUHOM, TPUIITIICpUAaMH, KoedilieHTOM areporeHHocTi (BiamnosiaHo r=-0,503,
p<0,05; r=-0,513, p<0,05); r =-0,531, p <0,05). [Ipu HACTYITHUX CTAAisIX XPOHIYHOI XBOPOOH HHUPOK CIIBBIAHOLICHHS IPYNH OYIIO
Takoro x xapakrepy (0,726, p<0,01). Takum 9uHOM, OTpUMaHI pe3yJIbTaTH CBiA4aTh MPO BIUIMB 3MiH JIMITHOTO COEKTPY KPOBi Ha
CTYMiHb MOTIK-0MOCEPEAKOBAHOI TUIATAIlI], aJie BIICYTHICT BIUIMBY Ha €HIOTEiH-HE3AICKHY CYAUHHY JAIATAINO.

KawuoBi ciaoBa: giabetnuna Hedpomaris, MOTIK-OMOCEPEAKOBaHA JWJIATallisl, HITPOTIIIICPHH-1HIyKOBaHA
Ba30AMJIATALis, JIIIMI JHUH OOMIH.

Diabetes mellitus (DM) is at the forefront of the etiological causes of CKD [2, 5]. Currently, the
spread of DM in the world has taken on the character of a non-communicable epidemic. According to the
World Health Organization (WHO), the number of patients with type 2 DM by 2025 may reach 380 million
[13]. Recent studies have revealed that endothelial dysfunction (ED) is the cause of the rapid development
of macro- and microangiopathies in patients with DM [1, 7]. In diabetic patients, ED is considered the
earliest sign of vascular damage and can be detected in the primary stages of the disease, even before
atherosclerotic plaques are detected [2]. Thus, ED, being an early manifestation of the lesion, is considered
a prognostically important marker.

ED also plays a significant role in the last stages of atherosclerotic lesions. Thus, a violation of the
endothelial reaction and an increase in adhesion leads to spasm, the development of plaques and, ultimately,
a violation of the integrity of the endothelial surface [6]. It was revealed that ED is a trigger pathogenetic
mechanism in the development of nephropathy in patients with DM [9]. For this reason, endothelial
dysfunction in diabetic patients is under the consistent and close supervision of researchers. [12, 13].
Impaired endothelium-dependent vasodilation (EDVD) is also involved in the progression of CKD. An
increase in the response to vasoconstrictor agents leads to an increase in the reactivity of micro vessels,
which, in turn, disrupts the synthesis of vasodilatory factors [4]. To prevent the progression of CKD, early
diagnosis of ED is extremely important. Another method for assessing the functional state of the
endothelium is the study of endothelial-damaging factors, the plasma level of which correlates with ED.

The purpose of the study was to establish the relationship between lipid metabolism and flow-
mediated dilation and endothelium-independent vasodilation in diabetic nephropathy.

Materials and methods. During the study, 120 patients aged 20—-60 years (mean 45.5+1.02 years)
with CKD who received inpatient treatment were examined. Of these, 58 patients were female (48 %), and
62 male patients (52 %). In all patients, the cause of CKD was diabetic nephropathy. All patients were
divided into 4 groups according to CKD stages. The 1st group included 30 patients with an average age of
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50.7£1.45 years, with a disease duration of 7.82+0.76 years, with a glomerular filtration rate (GFR) of
98.5+1.37 ml/min/1.73m?, group 2, respectively, consisted of 29 patients aged 50.4+1.18 years, with a
disease duration of 9.33+0.84 years, with a GFR of 67.7+2.25 ml/min/1.73m?, the 3rd group included 30
patients (mean age—53.4+1.04 years) with a disease duration of 10.00+0.58 years, with a GFR of 38.9+1.60
ml/min /1.73m?, in the 4th group — 29 patients (mean age—55.1+0.99 years), respectively, with the duration
of the disease 13.69+1.26 years and GFR 26.45+0.85 ml/min /1.73m?. 30 healthy individuals (mean age
41.241.09 years) constituted the control group.

All patients underwent clinical and laboratory-instrumental studies. GFR was calculated using the
CKD EPI calculation method. In all 4 groups, the level of flow-mediated dilation (FMD) in the brachial
artery was determined by the hyperemic test and the level of Nitroglycerine-induced vasodilation (NID).
The lipid spectrum was assessed by the level of total cholesterol (TC), triglycerides (TG), high density
lipoproteins (HDL), low density lipoproteins (LDL) in blood serum, as well as by calculating the
atherogenic coefficient (AC). The level of TC, TG, HDL was determined by the enzymatic method. The
principle of the method is that cholesterol is oxidized by cholesterol oxidase, releasing hydrogen peroxide,
which, in the presence of peroxidase, converts p-aminoatipyrine into a colored compound. The color
intensity is proportional to the concentration of cholesterol levels.

To characterize groups of homogeneous units, the arithmetic mean (M), standard error (m) and range
of change were determined. To study the qualitative indicators, the absolute number of groups and their
percentage were determined. To compare quantitative indicators, the nonparametric Mann-Whitney test was
used, which evaluates the difference between the indicators. The statistical difference p<0.05 was assessed as
significant. For a statistical study of the cause-and-effect relationship, a non-parametric method was used -
the Spearman rank correlation coefficient. This method determines the measure of linear relationship between
random variables. When using rank correlation, if the correlation coefficient between the indicators is 0.3 or
less, then the correlation is considered weak, if 0.4-0.7 is medium, 0.7 and above is high.

Results of the study and their discussion. At the 1st stage of CKD, the decrease in the reaction
of the endothelium averaged 9.78+0.16 %. At the same time, in 76.47 % of patients, FMD was less than
10 %. As CKD progressed, that is, as kidney function declined, there was also a decrease in FMD below
10 %. (Table 1).

Table 1
Level of FMD and NID depending on the stage of CKD in diabetic nephropathy patients
DN (n=120)
Control group (healthy I group Il group 11 group IV group
individuals) n=30 n=30 n=29 n=30 n=31
9304019 8.25+0.28%* 7.46+0.24* (6.0-9.0)
FMD (%) | 14.0£0.06 (13.5-14.7) | 9.78+0.16* (8.2-11.4) (7.2-10.8) p1<0.001
(9.2-11.8) p1>0.05 p1<0.001 p2<0.001
) ' ) p2<0.01 p3<0.05

E3
. 9.68+0.06* 8.54+0.08
11.2£0.10 (9.3.102) (7.9-9.2)
NID 14.9£0.07 (14.2-155) | 12.35£0.11%* (10.9-12.1) <0.001 p1<0.001
(11.8-13.4) p1<0.001 p1<0'001 p2<0.001
p2<b. p3<0.001

Note: *~indicator of statistical significance between patient and healthy groups (p <0.05). pl, p2, p3 - statistically significant
difference compared to the indicators of groups 1, 2 and 3, respectively.

Thus, at the 2nd stage of CKD, FMD averaged 9.30+0.19 % but did not differ in statistical
significance from the control group (p>0.05). If there was no statistically significant difference between
the Ist and 2nd groups, then in the 3rd and 4th groups, the FMD was 8.25+0.28 % and 7.46+0.24 %,
respectively, and, in these groups, both among themselves and in comparison, with the healthy group, there
was a statistically significant difference.

Even though in the 2nd and 3rd groups there were cases when FMD was below 10 %, in the 4th
group in all patients FMD was <10 % (fig. 1).

So, in the 2nd in 93.33 %, in the 3rd in 81.25 % of cases there was a change of the FMD.

In the 1st group, NID, averaging 12.35+0.11 %, and in the 2nd group, respectively, 11.2+0.10 %,
meant a normal reaction. The data obtained differed from the control group in statistical significance
(p<0.05).

In DN patients, starting from the 3rd stage of CKD, NID was below 10 %, in the 4th group, a
significant decrease in this indicator was noted. Thus, despite the fact that in the 3rd group the maximum
NID was 10.2 %, its mean value was 9.68+0.06 %. In the 4th group, there was not a single patient with
NID above 10% and the mean value was 8.54+0.08 %. The results obtained were statistically more
significant than the control group (p<0.05).
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At the 1st and 2nd stages of CKD in all patients, NID was more than 10 %. However, in the
subsequent 3rd and 4th stages, the frequency of changes increased. So, if at the 3rd stage of CKD in the
3rd group in 2 patients (12.5 %) NID was >10 %, then in the 4th group in 31 patients (100 %), that is, in

all NID was <10 % (fig. 2).
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To assess the dependence of vasodilation and lipid spectrum in patients with CKD, the presence

and degree of dyslipoproteinemia were determined. In groups, depending on the stage of CKD, changes in
the lipid spectrum were of a different nature and frequency (Table 2).

m
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Fig. 1. Rate of change in FMD

m>10-normal m<10 - pathology

Fig. 2. Frequency of change in NID

Table 2
Lipid spectrum indices in DN depending on the stage of CKD
DN n=120
Indices Control group I group 11 group 111 group IV group
n=30 n=29 n=30 n=31
388.0+21.34*
299.9+10.32*
* |
e mald 165.224.06 254,144 55 ?2855'7%8? 0 (254.0-398.0) (223'30?41'0)
Y (129.0-201.0) (220.0-284.0) P Phta p1<0.01 pi=2.
p1<0.001 005 p2<0.001
p2>5. p2<0.001
167.9410.08*
138.9+7.88*
* |
6 mal 105.5+5.62 121.6+8.18 g;‘é’gffé%) (90.0-195.0) “S%goim)
» Mg (58.0-147.0) (60.0-170.0) PP p1>0.05 pi=.
p1>0.05 >0.05 p2>0.05
p2>%. p2<0.05
31,9112
37.941.58*
* !
56.3£2.01 57.0+4.16 38.3£2.09 (24.0-48.0) (24.0-39.0)
HDL, mg/dl (21.0-52.0) p1<0.001
(42.0-80.0) (28.0-77.0) p1<0.001
p1<0.001 005 p2<0.05
p2>%. p3<0.01
166.1410.51*
143 448.76*
% -
LOL, mgidl 67.5+3.97 72.0+3.72 g;gfféyo) (74.0-199.0) Sigoﬁglo)
' (14.0-90.0) (46.0-98.0) pPets p1<0.001 :
p1<0.001 005 p2<0.05
p2=%. p3>0.05
11.61+1.12%
7.15£0.46*
* .
2.04£0.13 3.98£0.48% 6.75+0.51%# (4.8-10.9) (7.7-25.7)
AC (0.75-3.40) (1.9-7.9) (4.2-11.6) p1<0.001 p1<0.001
o A p1<0.001 005 p2<0.001
p2=%. p3<0.001

Note: * — index of statistical significance between sick and healthy groups (p<0.05); # — the difference between the indicators
of the respective groups is statistically significant p<0.05); p1, p2, p3 — statistically significant difference compared to indices in groups
1, 2 and 3, respectively.

As CKD progressed, there was a statistically significant difference from the control group in the

level of total cholesterol and this index was significantly higher than the average values (p<0.05).

In the 2nd group, the concentration of total cholesterol differed in statistical significance from the
1st group (p<0.05). Despite the fact that this index in the 3rd and 4th groups did not differ statistically
significantly, at the 4th stage, its concentration increased significantly and amounted to 290.0-641.0 mg/dI.
In contrast, an increase in the level of TG concentration was noted at all stages of CKD, only in the 4th
group the result obtained was statistically significantly different from other groups. At all stages of CKD,
HDL and LDL levels changed. It is known that a decrease in HDL concentration is an independent risk
factor for cardiovascular complications. In the 1st group, the average HDL concentration did not change.
Despite this, in this group, the minimum HDL value was 28.0 mg/dl. However, in the subsequent stages of
CKD, a significant decrease in this index was observed. So, in the 2nd group, its concentration was
38.3+£2.09 mg/dl, in the 3rd group — 37.9+1.58 mg/dl, in the 4th group it was 31.9+1.12 mg/dL.
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In groups 2—4, corresponding to the stages of CKD, there was an increase in the concentration of
LDL. At this time, a statistically significant difference was revealed between the 1st and 2nd groups
(p<0.001).

AC is an integral index and allows you to determine in advance the risk of atherosclerosis with
high accuracy. However, in the 2nd and 4th groups, there was a statistically significant difference in the
KA index between the group. Thus, in the 2nd group this index was 6.75+0.51, in the 4th group it was
11.61+£1.12. There is significant increase in the risk of developing atherosclerosis in the 1st group compared
to the control group. In group 3, dyslipidemia was detected as a statistical increase in total cholesterol and
atherogenic lipoproteins. The revealed changes depended on GFR. In the course of the study, at various
stages of CKD, along with the analysis of the results of the lipid spectrum in both groups, a study of its
correlation with FMD and NID was also conducted. Already from the initial stage of CKD, a statistically
significant correlation between the level of FMD and the lipid spectrum was determined. So, in the 1st
group, a moderately average correlation was detected between EDVD and indicators of total cholesterol,
TG and CA (r=—0.503, p<0.05; r=-0.513, p<0.05; r=—0.531, p<0.05 respectively). In subsequent stages of
CKD, the correlation was of the same nature. In the 4th group, a high correlation was determined between
EVD and CA (r=-0.726, p<0.01). The correlation between NID and the lipid spectrum was also studied,
and the correlation between these indicators was practically not detected.

Various researchers have identified a prognostically significant role of a decrease in EDVD in the
development of the atherosclerotic process, diseases of the cardiovascular system, and mortality [2, 6]. It is
believed that lipid deposits in the glomerular capillaries reduce glomerular filtration. This, in turn, increases
the intraglomerular pressure of intact nephrons, thus contributing to the development of glomerulosclerosis
[6, 9]. Itis believed that the greatest damage to the renal glomeruli occurs with an increase in the level of total
cholesterol. So, in the conducted studies, for nephrotic hyperlipidemia, first of all, a significant increase in
total cholesterol was characteristic [4, 8]. Along with an increase in the level of total cholesterol, proteinuria
also increased and the number of sclerosed glomeruli increased. In clinical studies, it has been indicated that
in any nephropathy, hyperlipidemia contributes to the progression of renal failure. Thus, the progression of
renal failure depends on the level of total cholesterol, TG, LDL, HDL [1, 3]. In nephrotic syndrome, TG and
LDL levels increase, HDL levels remain within the normal range, or slightly decrease [10].

Based on our results, we can conclude that there is a pattern between ED and kidney dysfunction.
So, during the study, the correlation between functional biomarkers of the endothelium and functional
indicators of the kidneys was studied. During the study, an association between ED and a decrease in
glomerular filtration rate was noted, which is also confirmed by many studies. Various researchers have
identified a prognostically significant role of a decrease in EDVD in the development of the atherosclerotic
process, diseases of the cardiovascular system, and mortality [4, 11]. For our part, it was found that in
patients with CKD, ED and atherogenesis, being a single process, is important in the progression of CKD,
and, accordingly, this can significantly help in the development of diagnostic criteria. As CKD progresses,
endothelial activity changes and endothelium-dependent vasodilation decreases.

1. In the 1st group, a moderate inverse relationship was determined between flow-mediated dilation
and total cholesterol, triglycerides, atherogenic coefficient (respectively, r=—0.503, p<0.05; r=-0.513, p<0
0.05; r=-0.531, p<0.05). At subsequent stages of chronic kidney disease, the correlation in the groups was
of the same nature (0.726, p<0.01).

2. In groups 2-4, corresponding to the stages of CKD, there was an increase in the concentration of
LDL. At this time, a statistically significant difference was revealed between the 1st and 2nd groups (p<0.001).

3. The correlation between NID and the lipid spectrum was practically not detected. Thus, the
results obtained indicate the effect of changes in the blood lipid spectrum on the degree of FMD. In contrast,
a high correlation between NID and lipid spectrum was not characteristic. Larger scale studies are required
to obtain more reliable results.
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The COVID-19 pandemic is among the greatest challenges for the worldwide. Vaccine development is an effective weapon
against pandemic development. But there is a paucity of data of COVID-19 vaccine data by sex/gender in Ukraine. The purpose of
the study was to assess diversity in COVID-19 vaccination among gender groups of Ukrainian population. A retrospective-archive
study was conducted in Ukraine from 24 February 2021 to 16 January 2022. The obtained data showed in trends gender differences
in COVID-19 vaccination status. Women preferred vaccination with Pfizer/Biontech and AstraZeneca vaccines more often than men.
Significantly higher level of weekly cases among persons who received two doses than one dose of Pfizer/BioNTech vaccine with as
among males (p<0.05), as females (p<0.05). These findings support idea that a gendered lens should also be applied when designing
COVID-19 vaccination campaign that can help to maximize benefits and minimize adverse events.

Key words: vaccine, SARS-CoV-2, sex, Ukraine
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MMaunemis COVID-19 € ogHuM i3 HaHOITBIIMX BUKJIKKIB I BChOTO CBiTY. PO3po0OKa BakiiH € e()eKTHBHUM 3aCO00M
00poTHEOH MPOTH po3BUTKY MaHAeMii. [Ipore, mannx npo COVID-19 BakunHamito 3a crarTio/reHaepoM B Ykpaidi mano. Metoro
JIOCITi/UKEHHs OyJI0 OLIHUTH pi3HOMaHiTHicTh BakuuHarii npotu COVID-19 cepen renaepHuX rpyn yKpaiHCBKOTO HaceJICHHS.
PerpocniexkTrBHO-apXiBHE MOCHTIKEHHS IPOBOIMIOCSA B YKpaiHi 3 24 moTtoro 2021 poky no 16 ciuns 2022 poky. BecranoeneHo
TeHJepHI BigMiHHOCTI B TpeHAax BakmuHamii mpotn COVID-19. JKinkm BigmaBamu mepeBary MICTUIGHHIO BaKIMHAMHU
Pfizer/Biontech ta AstraZeneca vacrinie, Hix 40JI0BiKH. BijMiueHo BipOriqHO BHINY KiJIbKiCTh THKHEBUX BHUIIAJIKIB BaKI[MHAL]
nBoma mo3amu Bakiuuu Pfizer/BioNTech, nix ommiero mo3oro, sik cepen 4omoBikiB (P<0.05), tak i cepen xinok (p<0.05).
OTpuMaHi JaHi T03BOJSIOTH 3p00HTH BUCHOBKH PO HEOOXiAHICTh BpaXyBaHHS TeHIEPHOI BIIMIHHOCTI ITPH IJIaHyBaHHI KaMTIaHii
BakuuHauii npotu COVID-19, mo cnpustume MakcuMizalii nepesar Ta MiHiMizauii moGi4HUX e(eKTiB.

Kuiwuosi cioBa: Bakunaa, SARS-CoV-2, crath, Ykpaina
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The study is a fragment of the research projects: “The study of the role of exogenous and endogenous factors in the
regulation of the body's protective and adaptive systems”, state registration No. 0118U004460.

The COVID-19 pandemic is among the greatest challenges for the worldwide. In Ukraine more
than 5.4 million people have already been infected with SARS-CoV-2 and with 110 920 deaths [3,10].
COVID-19 vaccine development is an effective weapon against pandemic [12]. Five types of COVID-19
vaccines (AstraZeneca (Covishield, SKBio), Coronavac/Sinovac Biotech, Comirnaty/Pfizer-BioNTech.)
have been approved and vaccination rates accelerated as of February 24, 2021. It was estimated that 50—
70% rates of vaccination are needs to receive for development herd immunity and protection from a severe
increase of infections SARS-CoV-2. But there is a paucity of data of COVID-19 vaccine data by sex/gender
in Ukraine. Therefore, analysis of COVID-19 vaccination trends with a gender-sensitive way can help to
assist in building public confidence and promote high vaccine coverage.
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