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Abstract

Introduction. The search of tools for the early detection of conditions associated with both carbohydrate metabolism
disorders and the early development of endothelial dysfunction (ED), which subsequently leads to the development of
cardiovascular events, continues currently. There are a large number of it for assessing these conditions, we settled on the
most sensitive, reliable, economically low-cost methods: studying the biomarkers of endothelial dysfunction Endocan,
FABP4, PAI-1 and ultrasound determination of intima media thickness in patients with prediabetes, risk of T2DM.

Aim. the participation and contribution of biomarkers: FABP4, Endocan, PAI-1 to study on the development of ED in
patients with prediabetes.

Search strategy. This review primarily includes data from original studies, literature reviews found in Scopus, Web of
Science, and Pubmed (Medline) databases, using appropriate keywords. The depth of the search was twenty years, due to the
limited number of studies conducted on this topic and the relatively recent and growing interest of researchers in this field.

Results. All three biomarkers (FABP4, Endocan, PAI-1) appear in the early stages of endothelial dysfunction, when the
development of cardiovascular events is reversible, which is the interest for the further research. Moreover, these biomarkers are
responsible for different pathogenetic mechanisms of the development of endothelial dysfunction, and their combination allows one
to immediately evaluate lipid metabolism disorders (FABP4), endothelial damage (Endocan), and increased thrombus formation
(PAI-1). Thus, it is more accurate to establish the appearance of endothelial dysfunction in the early stages of carbohydrate
metabolism disorder and prediabetes. It is worth noting that studies assessing the level of endothelial dysfunction biomarkers in
patients with prediabetes and the risk T2DM have been poorly studied. And also their simultaneous association in conjunction with
the study of intima media thickness in patients with prediabetes and the risk of T2DM has not been carried out at all.

Conclusions. It is scientific interest to study these markers of endothelial dysfunction at the prenosological stage, in the
absence of vascular accidents manifested by diabetic micro - and macroangiopathies. Studying this issue will identify
successful tools for future early detection and prevention of vascular injury and CVE.
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THAO «MeauumHcknn YHnBepcuteT KaparaHabi», r. Kaparanga, Pecny6onuka KasaxcraH.

BBepeHue. B HacTosiLee BpeMs NPOSOMKAETCS MOUCK MHCTPYMEHTOB )11 PAHHETO BbISIBNIEHNS COCTOSHUIA, CBSI3AHHbIX
KaK C HapyLUEHWUSIMM YIMeBOAHOTO 06MeHa, Tak 1 C paHHUM pasBUTUEM 3HAOTENWanbHON aucdyHkumn (M), npuBogsiLen B
nocneaylowemM K passuTMi0 kapauoBackynspHbix cobbituin (KBC). [ns OUeHKM 3TMX COCTOSHWA CyliecTByeT Gonbluoe
KONMYECTBO METOAMK, Mbl OCTAHOBWMMCb HA Haubonee YyBCTBUTEMbHBIX, HAAEKHbIX, SKOHOMUYECKM HEAOPOrUX METodax:
oueHka GuomapkepoB aHgoTenmansHoit aucyHkumm Endocan, FABP4, PAI-1 v ynbTpa3BykoBOe onpeeneHun TONLWyHbI
WHTUMbI-MeaWna y NauMeHToB ¢ npeganabetom, puckom passutus C2.

Llenb. M3yuntb yyactne v Bknap 6uomapkepos: FABP4, OxpokaH, PAI-1 B paseuTie SHAOTENMANBLHON AUCHYHKLMN
nauueHToB ¢ npeaguabeTom.

Crpaternsa noucka. B 3toT 0630p B nepByto ovepedb BKIHOYEHbI AAHHbIE OPUTMHAMBHBIX MCCENOoBaHUA, 0630poB
nuTepaTypel, HanaeHHbIX B Baszax aaHHbIX Scopus, Web of Science n Pubmed (Medline), ¢ ncnonb3osaHnem COOTBETCTBYHOLLMX
KrroueBbIX croB. MMybuHa noucka cocTaBuUMa ABagLATUNETHE M3-3a OrPaHYEHHOIO KOTMYECTBA UCCIIeA0BaHNIA, MPOBEAEHHDIX MO
9TON TEME, a TakKe OTHOCUTENBHO HEAABHETO W PACTYLLErO MHTEPECA MCCIIeA0BaTeNel B 3Toi obrnacTw.

PesynbTatbl. Bee Tpu Guomapkepa (FABP4, OHpokaH, PAI-1) nosBnstTca Ha paHHUX ctaguax [, korga passutue
KBC obpatimo, YTO NMpeAcTaBnseT MHTEpEC AN AANbHEALUMX WUCCTEe0BaHU U PaHHEN OWarHOCTUKU SHAOTENWamnbHbIX
npobrnem 1 cocyaucTbix katactpod). bonee Toro, 3T GuoMapkepbl OTBETCTBEHHbI 33 pa3Hble NATOrEHeTUYecKue
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MexaHU3Mbl Pa3BUTUS SHAOTENWAmNbHOM AUCHYHKLMK, @ UX COYeTaHue NO3BONISIET Cpasy OLEHUTb HapyLUEHWsS NMUOHOTO
obmeHa (FABP4), nospexaeHue aHgotenus (Endocan) u nosbiweHHoe TpomGoobpasosanne (PAI-1) n Takum obpasom,
TOYHEE YCTaHOBUTL MosiBReHWe OfI Ha paHHWUX CTagusix HapylweHust yrneeogHoro obmeHa u npepuabeta. Cnepyet
OTMETUTb, YTO UCCIELOBAHMS MO OLIEHKE YPOBHS BUOMAPKEPOB 3HAOTENMANBHON ANCKHYHKLMM Y NALMEHTOR C NpeavabeTom
n puckom CL12 He mHorouncreHsl. bornee Toro, ofHOBpEMEHHas OLEHKa MX B3aWMOCBS3W B KOMMIEKCE C UCCMEAO0BaHUEM
TONWMHBI MHTUMbI-MeANA y NaLUNeHToB ¢ npegnabeTom u puckom passutis C2 BoobLye He NPOBOAUMHCS.

BbiBoabl. HayuHbll WHTEpeC NpeacTaBnsieT u3yyeHue 3TuX MapkepoB Of Ha [OHO30MOMMYEcKoM 3Tane, npw
OTCYTCTBUM COCYANCTbLIX KAaTacTpod, NPOSBASOLMNXCS AMabeTUYECKAMM MUKPO- 11 MaKpOaHr1onaTusmMm. MayyeHne gaHHoro
BOMpOCa MO3BOSUT BLISIBATL  YCMELUHble WHCTPYMEHTbI [fnsi OyAylero paHHero BbISBMEHUS W NPeAoTBpaLLeHMs
noBpexaeHus aHaoTenus cocynos u KBC.

Knroyeenie cnosa: sHdomenuanbHas OucgyHkyusi, buomapkepsl, npedduabem, cepdeyHo-cocyducmbie cobbIMus.

Tyuingeme
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Kipicne. Kasipri yakbiTTa kemipcynap anmacyblHbiH Oy3binybiMeH ae, KeiHHEH KapanoBacKynsipNbl OKurFanapbiHbIH
(KBO) pamybiHa okeneTiH aHAoTENWA auchyHKumsckIHbIH, () epTe AamybiMeH e GainaHbiCTbl XaFdainapabl epre
aHbIKTay KypanaapblH i3aey xanracyga. byn xarnannapgsl 6aranayaelH, kentereH agictepi 6ap, 6i3 eH cesiMtan, ceHiMaj
KOHE OKOHOMMKamnblK TYPFbiAAH ap3aH oagicTepre TOKTadblK, Onap: SHOOTEenuit AMCHYHKUMACHIHBIH, BuomapkepnepiH
6aranay Endocan, FABP4, PAI-1 xaHe 2 tunTi kaHT anabeTiHiH gamy kayni 6ap, npeaamabeTneH aybipaTbiH HayKkacTapaa
WHTUMa-Meamna KanbIHAbIFbIH YNbTPaabIObICTbIK aHbIKTaY.

Makcatbl. FABP4, Endocan, PAI-1 6uomapkepnepitii npeganabetned ayblpaTbiH HaykacTapga dHOOTEnWi
BUCHYHKUMACHIHBIH, AaMyblHa SCEPIH 3epTTey.

I3gey cTpaTterusicbl. byn wonyra, e, anabiMeH, CalKec Herisri Ce3aepai nanganaxa otbipbin, Scopus, Web of Science
xaHe Pubmed (Medline) pepekkoprnapbiHaa TabbinFaH TynHyCKa 3epTTeynepaeH, apebuettepre wonynapaaH anbiHFaH
AepekTep Kipedi. byn Takbipbin GOAbIHLA XypridinreH 3epTTeynepaiH, WeKTeyni kenemiHe XaHe 3epTTeyLinepaid, ocbl
canara JereH canbiCTbpManbl Typae XakblHOA XaHe eCin Kene XaTKaH KbI3blFyWbiMblFblHAa GainaHbICThI i3hey XubipMa
XbIN TEPeHAIKTe XKyprisingi.

Hotuxenep. Bapnbik yw 6uomapkep (FABP4, Endocan, PAI-1) aHgoTenuit AMCHYHKUMACHIHBIH epTe Ke3eHaepiHae,
KapauoBackynsapnbl OKuFanapAbliH, Aamybl KaiTbiMabl GonFaH kesge manpa 6onagsl, Oyn opi Kapan 3epTTey xoHe
3HOOTENMI npobnemanapbl MEH TaMbIprblK anaTTapabl epTe AnarHocTMKanay YLWiH Kbi3bIFyLbInbIK Tyabipaabl. COHbIMEH
katap, 6yn Guomapkepnep aHOOTENWIA AUCHYHKUMACHI JaMybiHbIH SPTYpNi NaToreHeTUKanblK MexaHU3MaepiHe xayan
Oepeni xoHe onapabiH KOMOWHaUMSICHI NMMKUATEP anMacybiHblH, Oy3binybliH (FABP4), aHpoTenuigiH 3akbiMaanybiH
(Endocan) xaHe TpoMb Ty3inyiHiH, xoFapbinaybiH (PAI-1) gepey baranayra mymkiHgik 6epegi. Ocbinaiiwa, kemipcynap
anMacyblHblH, Oy3binybiHbIH XaHe npeaanabeTTiH, epTe KeseHAepiH4e SHAOTENMA AMCHYHKUMACHIHBIH, nanga bonybiH
aHbIKTay Aonipek 6onagbl. ATa KeTy kepek, Npeaanabet xaHe 2 TUNTi KaHT guabeTi kayni 6ap HaykacTapaa aH4oTenui
BUCYHKUMACHIHBIH, BruoMapkepnepiHiH, AeHreniH GarananTblH 3epTTeynep a3 3eptrenreH. CoHpgan-ak, npeganabeTneH
ayblpaTbiH HayKacTapAa MHTUMa-Meaua KanblHAbIFbIH XaHe 2 TWNTI KaHT AuabeTiHiH, gamy kayniH 3eptTeymeH Gipre
onapAblH, 6ip mesringe 6ainaHbicbiH 6aFanay Mynge XyprisinmereH.

KopbITbiHAbI. [nabeTTik MUKPO- XOHE MakpoaHr1onaTUsIMEH KOpiHETIH Tamblpnblk anatrap OonmaraH kesge
3HOOTENMI ANCHYHKUMSICBIHBIH, OCbl MapKeprepiH 3epTTey FbifbIMI KbI3bIFYWHINbIK TyAbipagsl. Byn maceneHi 3eptrey
fonawakTa KaH TaMmblpriapbIHbiH, 3aKbIMAaHYbl MEH XYPEeK-KaH TaMblpfiapbl OKUFanapblH epTe aHbIKTay XeHe angblH any
YWiH TabbICTbl Kypanaapabl aHbIKTangabl.

Heziz2i ce3dep: sH0omenuandsi OucyHkyus, buomapkepnep, npedduabem, Xypek-mambip Xaroalnaps!.
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Introduction

The mortality rate from cardiovascular diseases (CVD)
exceed 17.9 million in 2019, It was 32% of all mortality around
the globe [21,37,78]. In Kazakhstan, this mortality was 25.9%
[72,76]. CVD still remain the leading ones. However, an equally
significant non-infectious disease is type 2 diabetes mellitus
(T2DM) makes an important contribution to the development of
endothelial dysfunction. Diabetes is also on the rise from year
to year, increasing morbidity and mortality from it. The
prevalence of T2DM in the Republic of Kazakhstan increased
by 44% from 2004 to 2017, and amounted to 305,160 people in
2015 [4,77]. Beyond diabetes, more than 352.1 million has
prediabetes including impaired fasting glucose and impaired
glucose tolerance. World health organization and International
diabetes federation make prediction of prediabetes grown up to
half a billion by 2045 [1,3,40]. This trend is caused by such
modifiable risk factors of T2DM as overweight, obesity,
unhealthy and junk food and sedentary habits. The global
mortality from T2DM In 2016 reached 1.6 milion. All
carbohydrate metabolism disorders contributed to extra 2.2
million deaths, deteriorating the cardiovascular diseases (CVD)
prevalence [2,40].

Prediabetes is a condition preceding T2DM, manifested
by impaired carbohydrate metabolism in the form of fasting
hyperglycemia, impaired glucose tolerance and euglycemic
insulin resistance [9,61,67,71]. Furthermore, these risk
factors lead not only to T2DM but also to development and
progression of CVD [6,7,15,29,39,41,43,49,58,59,61,66,82].
According to a number of studies, an increase in the risk of
cardiovascular complications and mortality from them is
shown already at the stage of initial disorders of
carbohydrate metabolism.

According to a study conducted by Wilson et al [75], the
development of endothelial dysfunction and macrovascular
complications in the form of adverse cardiovascular events
may occur in the prediabetes stage. In a comparative study
conducted by the DECODE Study Group, patients with IGT
had a higher risk of death from all causes compared with
controls without IGT. It was demonstrated that abnormal
postprandial blood glucose levels were more significant
than fasting glucose levels, and postprandial blood glucose
levels were a predictor of all-cause, cardiovascular, and
coronary artery disease mortality [28].

The search of tools for the early detection of conditions
associated with both carbohydrate metabolism disorders
and the early development of endothelial dysfunction, which
subsequently leads to the development of cardiovascular
events, continues currently. There are a large number of it
for assessing these conditions, we settled on the most

sensitive, reliable, economically low-cost methods: studying
the biomarkers of endothelial dysfunction Endocan, FABP4,
PAI-1 and ultrasound determination of intima media
thickness in patients with prediabetes, risk of T2DM.

Such Biomarkers as Endocan, FABP4, PAI-1 [50,51,63]
are early markers of endothelial dysfunction (ED), which
launches insulin resistance (IR), subsequently various
disorders  of  carbohydrate  metabolism, including
hyperglycemia, IGT. IR and hyperglycemia determined the
development of oxidative stress, with the accumulation of
reactive oxygen species, manifesting by decreased production
of endothelium-relaxing factors. IR leads to increased liver
release of FFAs due to lipolysis, leading to changes in the lipid
profile with increased levels of triglycerides (TG), Very low
density lipoproteins (VLDL) cholesterol, increased lipoprotein
remnants, apolipoprotein B synthesis and small dense LDL
particles, leading to atherogenic dyslipidemia.

Thus, these markers may reflect endothelial dysfunction
in the early stages of the development T2DM, as well as
cardiovascular diseases (CVD) reflecting early vascular
remodeling, and atherosclerosis.

Aim. Is to investigate scientific literature about the
impact of FABP4, Endocan, PAI-1 biomarkers on the
endothelial dysfunction in patients with prediabetes.

A search strategy has been developed to conduct a
literature review of participation of biomarkers FABP4,
Endocan, PAI-1 to the development of endothelial
dysfunction in prediabetes condition. Thus, this review
primarily includes data from original studies, literature
reviews found in Scopus, Web of Science, and Pubmed
(Medline) databases, using appropriate keywords. The
depth of the search was twenty years, 2001-2022 due to the
limited number of studies conducted on this topic and the
relatively recent and growing interest of researchers in this
field. It was decided to expand the depth of the search due
to the presence of earlier articles devoted to the level and
location of biomarker formation under experimental
conditions, which was basic knowledge that could not be
ignored. These studies were experimental, have not lost
their validity, and were carried out as closely as possible in
accordance with modern standards of scientific research.
These articles served as the basis for understanding the
beginning of the synthesis of ED biomarkers. Inclusion
criteria: data from randomized cohort studies conducted on
large populations of subjects, meta-analyses, systematic
reviews and full-length articles describing original studies
were used. Exclusion criteria: articles describing isolated
cases, conference abstracts, personal communications, and
newspaper publications were excluded.

Original search in databases using keywords,
published after 2012, n=1003

Articles excluded after abstract analysis,

Articles selected after abstract analysis,

n=648

Articles excluded inclusion criteria and

n=238

Articles selected after full text analysis,

duplicated in different database, n=110

Articles excluded due to non-English,
and non-Russian language, n=32

n=80

’ Articles included to the review, n=80

Figure 1. Search algorithm.
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Endothelial dysfunction biomarkers in a different
carbohydrate metabolism disorder.

Fatty acid binding protein 4 (FABP4)

Plasma fatty acid binding proteins (FABPs) belong to a
family of proteins with a tissue-specific distribution. It is
biological role is in the cellular uptake and transport of fatty
acids, along with the organization of metabolic and
inflammatory pathways and the regulation of gene
expression [38].

FABP4 manly produced by adipose tissue and
macrophages; huge amount of it is synthesized in mature
adipocytes [54] and has been detected by standard plasma
immune essay [79,80]. Investigation of FABP4 expression
provides controversial results. Drolet R. et al. revealed that
FABP4 is produced in a various types of adipose tissue
[30]. Fisher RM et al. found that FABP4 is more produced
by subcutaneous adipose tissue than visceral, regardless of
the presence or absence of the obesity [35]. However,
Clemente-Postigo M. and et. did not identify significant
differences in FABP4 concentrations in subcutaneous and
visceral adipose tissue [25].

Despite that role of FABP4 is not completely
investigated, researchers have found its link with insulin
sensitivity,  participation in  lipid metabolism and
inflammation  [14]. Nowadays, researchers test the
hypothesis of FABP4 as a main signaling biochemical
mediator of interaction between adipocytes and
macrophages in adipose tissue. In the experimental study
on mice strains with neutralized FABP4 proteins,
researchers revealed reducing obesity-induced IR, IGT and
atherosclerosis, moreover, mice’s adipocytes perfomed
reduced efficiency of lipolysis [55]. A decrease in plasma
concentrations of FABP4 and apoliporoprotein E in
experimental mice showed a slowdown in the development
of atherosclerotic plaque [55]. Numerous studies found
association between FABP4 plasma concentration and
metabolic  syndrome, diabetes, familial combined
hyperlipidemia and CVD [12,17,18,19,20,26]. The strong
correlation between FABP4 and obesity, metabolic
syndrome and high cardiovascular risk were illustrated by
the study conducted by Koh J.H et al. [46]. It can be argued
that FABP4 is a powerful and early biomarker of metabolic
risk in individuals with metabolic syndrome and T2DM in
other prospective studies [70,73]. Accordingly, the role of
FABP4 can be scaled to estimation of CVD. 51.

In a study was conducted by Laryushina et al. was
investigated link between high concentration of FABP4 and
risks of T2DM and cardiovascular events [51].

The main mechanism of endothelial damage when
studying the FABP4 biomarker is atherogenic
dyslipidemia, launch development of atherosclerosis,
endothelial dysfunction and adverse cardiovascular events
[16]. Yeung D.C.Y et al. [81] found direct link between of
increasing FABP4 concentration and thickness of carotid
intima-media.

As a result, the studies hold promise for using plasma
FABP4 as marker of inflammation in adipose tissue that
mediate the development of insulin resistance, T2DM, and
atherosclerosis. In addition, this FABP4 biomarker may
become a potential target for the treatment of metabolic
disorders and both metabolic and cardiovascular diseases
caused by them [36].

Endocan (endothelin-1 molecule)

The Endocan biomarker is also involved in the
development of endothelial dysfunction, and may be a new
potential marker of immunoinflammatory processes
associated with cardiometabolic risk. Endocan (endothelin-1
molecule) is an endothelial cell-specific molecule, a
vasopressor agent, whose structure is a proteoglycan
secreted by the endothelium. With the help of glycan
domains, it can bind to hepatocyte growth factor and
increase mitogenic activity in the lumen of the vessels, in
the organs most specific for this marker, such as the lungs
and kidneys [68].

A genetic study on the expression of the Endocan
mRNA marker [68] revealed that its work is regulated by the
following cytokines: TNFa, IL-1B and IFNy. Endocan has
been shown to contribute to the inhibition of spontaneous
leukocyte adhesion to the endothelium or the random
migration of leukocytes into the blood through the vessel
wall, and thus participates in critical tissue-specific,
leukocyte-endothelial cell interactions.

Prospective studies have revealed a relationship
between increased Endocan concentrations and CVD,
including arterial hypertension, coronary heart disease, and
episodes of acute myocardial infarction [11,47,48,65]. A
positive association has been established between the level
of this biomarker of endothelial dysfunction and intima-
media thickness and subclinical atherosclerosis [53]. These
studies indicate the presence of endothelial dysfunction in
this category of patients, which is reflected by a high
concentration of it.

The results of scientific work on the relationship
between metabolic disorders, risks of T2DM and Endocan
levels are few. An increase in the level of the Endocan
biomarker was detected in patients with verified T2DM, in a
patients with control hyperglucemia [8], and in individuals
with T2DM in uncontrolled hyperglycemia conditions [24].
An increase concentration of the Endocan biomarker was
recorded predominantly in patients with T2DM, in a pilot
study non-alcoholic fatty liver disease [27]. However, the
results of these studies only allowed us to establish a fait
accompli of ED, and indicate a predictable result in the form
of an increase in the Endocan biomarker and the presence
of ED as a result of diabetes. No relationship has been
established regarding the appearance of the Endocan
biomarker as a manifestation of early ED in patients at the
stage of prediabetes.

Plasminogen activator inhibitor-1 (PAI-1)

The Plasminogen activator inhibitor-1 (PAI-1) is a
coronary artery disease biomarker whose significance is in
a fast-acting inhibition of fibrinolysis [10]. In the number of
studies, PAI-1 is believed as one of the risk factors initiates
atherosclerotic process [32,74].

It is known that PAI-1 is not only secreted by endothelial
and smooth muscle cells, but also produces in adipose
tissue cells, including preadipocytes, mature adipocytes,
and macrophages that was proved in several studies
[13,62]. There is literature evidence that hyperglycemia can
affect PAI-1 levels. Chen Y-Q et al [23], demonstrated that
hyperglycemia may activate PAI-1 gene promoter in
vascular smooth muscle cells in a mice strains. It can be
assumed that PAI-1 has similar atherothrombotic effect in
prediabetic patients. In experiments on mice, the lowering
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of PAI-1 was identified under diet control and hypoglycemic
agents, that led to normalization of insulin sensitivity.

In parallel with atherogenesis PAI-1 may serve as a
predictor of the development of T2DM [33,34,69, 50]. In a
study was conducted by Laryushina Ye.M. et al. was
investigated  interrelations  between  high  PAI-1
concentrations and adverse cardiovascular events
development among prediabetic patients [50]. Andreas
Festa A. et al. in a prospective study revealed the role of
PAI-1 as a biomarker of IR along with such standard risk
factors as BMI, waist circumference, gender, age, and
smoking. In this study, T2DM was found in 16.6% of
participants after a 5-year follow-up period [33].

However, there is a research gap in the knowledge of
atherosclerotic plaque formation under the influence of
elevated PAI-1 concentration.

Jung R.G et al. in the meta-analysis taken from 38 relevant
articles [45] have identified relationships between PAI-1 and
adverse cardiovascular events. Increasing of PAI-1 level was
associated with myocardial infarction and stroke among 11557
patients included in meta-analysis PAI-1. However, the
prediction model which was used in meta-analysis did not take
into account the parameters of carbohydrate metabolism
disorder. The prediction model estimating the impact of PAI-1
adverse cardiovascular events in prediabetic patients might be
the future scientific interest.

As a result, the future is needed to evaluate the
common impact of biomarkers Endocan, FABP4, PAI-1 and
ED and further risk of averse cardiovascular events in
patients with prediabetes.

Intima Media Thickness and biomarkers (FABP4,
Endocan, PAI-1).

An increase of intima media thickness (IMT) to be
considered as a preclinical stage of atherosclerosis base on
ultrasound investigation [42,44,60]. There are few studies
that have found that IMT is influenced by glucose levels
[31], glycemic variability in patients with type 1 diabetes
[22], and glycemic fluctuations in patients with type 2
diabetes [52, 63].

A weak but statistically significant relationship was found
between IMT and the level of postprandial glycemia, according
to a meta-analysis [31]. Both parameters were associated with
a cardiovascular event [58]; the higher the glycemia (from
normoglycemic patients with IGT to patients with diabetes), the
higher the odds of cardiovascular events [83].

However, studies assessing the level of the FABP4,
Endocan, PAI-1 biomarkers and its effect on IMT in patients
with prediabetes, risk of T2DM have not been conducted.

Endothelial dysfunction and it biomarkers (FABP4,
Endocan, PAI-1) in insulin resistance conditions and
prediabetes.

The pathogenesis of endothelial dysfunction has a
similar mechanism in patients with prediabetes as same as
T2DM. Obesity develops in conditions where the supply of
nutrients exceeds the body's expenditure, under certain
conditions, as a result of an increased intake of foods
containing easily digestible carbohydrates.

An important role in this pathogenesis is played by a
hereditary factor, which ultimately leads to insulin resistance
(IR) and impaired tolerance to carbohydrates. Glucose
utilization decreases by peripheral tissues, which in turn
increases glucose production by the liver, under IR conditions.

Hyperglycemia stimulates even greater insulin
secretion, causing hyperinsulinemia (HI) [9,66]. This
condition causes dysfunction of pancreatic § cells, and high
levels of free fatty acids further impair tissue glucose
uptake, increasing IR and HI, leading to the phenomenon of
lipotoxicity (decreased insulin production in the pancreas,
against the background of high levels of free fatty acids)
[40]. Thus, this condition leads to insulin deficiency in the
tissues and liver. The translocation of GLUT-4, a glucose
transport protein, into tissues, in particular muscle and
adipose tissue, is disrupted. Next, glycolysis and the
pentose phosphate pathway are inhibited, the Krebs cycle
is disrupted, oxidative phosphorylation slows down
accordingly, and as a result, energy deficiency occurs
(NADPH2)), in the form of the final product of the Krebs
cycle - ATP deficiency. Ultimately, hyperglycemia develops.
The energy deficit is replenished via an alternative pathway
due to lipid oxidation in this category of patients. The
enzyme lipoprotein lipase, in the absence of insulin
resistance in a normally functioning body, promotes the
transfer of fatty acids in very low density lipoproteins (VLDL)
from the liver to adipose tissue (adipocytes). And when
insulin  resistance  develops, lipoproteinase  activity
decreases, which leads to the accumulation of fatty acids
and VLDL in the blood, their oversaturation of adipocytes,
and their resynthesis in the liver, which ultimately leads to
fatty hepatosis. At this stage of excess fatty acids and VLDL
in the bloodstream, the activity of the studied biomarker
FABP4 increases; a high level of this marker indicates an
early phase of endothelial dysfunction and atherosclerosis
(Figure 1).

Changes in the conformation of LP occur under
conditions of excess and circulation of LDL, VLDL against
the background of hyperglycemia, they can glycosylate,
aggregate, become peroxidized under the influence of free
radicals, and finally become immunogenically active and
form complexes with antibodies. As a result of lipid
peroxidation, such a modified lipid (LDL, VLDL) is
recognized by the macrophage as foreign, captured by it,
excess amounts of cholesterol, forcing the latter to absorb
excessive amounts of cholesterol, then the macrophages
turn into foam cells. Foam cells can invade the
subendothelial space causing endothelial damage.

The key, initial process of endothelial dysfunction and
atherosclerosis is damage to the endothelium as a result of
lipid peroxidation by foam cells. At this stage, the next
biomarker Endocan appears, reflecting early endothelial
dysfunction, even at the stage of atherosclerotic plaque
formation. Subsequently, platelets are activated and
aggregated, which secrete thromboxane A2. At the same
time, the last studied biomarker PAI-1 is synthesized,
which, along with platelets, leads to the formation of a blood
clot. Next, platelet-derived growth factor is formed, which
triggers the proliferation of smooth muscle cells. Thus, the
atherosclerotic plaque receives a fibrous capsule, becomes
denser, and a capsule is formed. In the final stages, the
plaque grows with collagen and elastin, is saturated with
Ca+ salts and becomes denser. At the last stage of the
formation of an atherosclerotic plaque, repeated thrombosis
and inflammation are possible, with a decrease in the lumen
of the coronary vessel and the development of fatal and
non-fatal cardiovascular events (Figure 2).
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All three biomarkers (FABP4, Endocan, PAI-1) appear
in the early stages of endothelial dysfunction, when the
development of adverse cardiovascular events is reversible,
which is the interest for the further research. Moreover,
these biomarkers are responsible for different pathogenetic
mechanisms of the development of endothelial dysfunction,
and their combination allows one to immediately evaluate
lipid metabolism disorders (FABP4), endothelial damage
(Endocan), and increased thrombus formation (PAI-1).
Thus, it is more accurate to establish the appearance of
endothelial dysfunction in the early stages of carbohydrate
metabolism disorder and prediabetes.

Conclusion.

In conclusion, it is necessary to note that there are a
sufficient number of theories explaining the increase in the
concentration of endothelial dysfunction biomarkers in
various pathological conditions, such as obesity,
hyperglycemia, and insulin resistance.

It is worth noting that studies assessing the level of
endothelial  dysfunction biomarkers in patients with
prediabetes and the risk T2DM have been poorly studied.
And also their simultaneous association in conjunction with
the study of intima media thickness in patients with
prediabetes and the risk of T2DM has not been carried out
at all. It is scientific interest to study these markers of
endothelial dysfunction at the prenosological stage, in the
absence of vascular accidents manifested by diabetic
micro- and macroangiopathies. Considering insulin
resistance as the most important link in the pathogenesis of
T2DM, it should be noted that currently there is a need to
conduct research in the field of endothelial problems at the
stage of prediabetes. Studying this issue will identify
successful tools for future early detection and prevention of
vascular injury and CVE.
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