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AHHOTALUA
Koponapnast mukpoBackyisipHas auchynkuus (KMJI) u sHnorenuanbHas IMCQYHKIUS — KITIOYCBBIC MEXaHU3Mbl HIIEMUM MHOKapia y
OONBHBIX XPOHMYECKUM KopoHapHeIM cuHapomoM (XKC) ©6e3 oOcrpykTuBHOro mnopaxkeHusi kopoHapubix aprepuit (ANOCA/INOCA),
BeisiBIsIeMble Y 30-50% Takux MAnMeHTOB W IOBBIIMIAIOIINE PHCK CEPACYHO-COCYAHUCTHIX coObITmi B 2-2,5 pasa. Llens o63opa —
CHCTeMAaTH3UPOBaTh KIMHUYECKHe, OHoMapkepHbie u reHetudeckne npemukropbl KMJI. IpoananusupoBansl myGmukaipn PubMed, Scopus,
eLibrary, KubepJlenunka 3a 2015-2026 rr. CucreMaTu3upoBaHbl KIHHAYECKHE MPeAukTopsl (keHckuii mon, CJI, Metabonuveckuil CUHIPOM,
SMUKAPUATBHOE OKUPEHHUE), GHOMApKEpPBI SHIOTETHAIBHON qucdyHKiny 1 Bocnaienus (ADMA, suporenun-1, IL-6, hs-CRP), HOBbIe MapKepbl
(STREM2, FT4/FT3, GDF-15), renernueckue nomumopdusmel (NOS3, ACE, EDNI/PHACTRI1) u meromsl auarnoctuku (CFR, IMR, T19T).
IMpuBenena craructuka BO3 u Pecrybnuku Y36ekucran. KommiekcHas oreHKa JaHHBIX HPEIUKTOPOB IMEPCTIEKTUBHA JUIS TEPCOHANTM3AINU
nuarHoctuka XKC, B ToM ducie B y30€KCKOW MOMyJILIUH.
KiroueBbie cji0Ba: KOpOHApHAs MHUKPOBACKYJSApHAs JUCOYHKIMS; SHIOTENHAIbHAS AUCHYHKIMS; XPOHUYCCKUI KOPOHAPHBIH CHHIPOM;
ANOCA; INOCA; 6uomapkepbl; FeHETHYECKUE TTOTUMOP(U3MBI.
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DIAGNOSTIC ASPECTS OF ENDOTHELIAL AND CORONARY MICROVASCULAR DYSFUNCTION IN ISCHEMIC HEART
DISEASE (LITERATURE REVIEW)
ANNOTATION
Coronary microvascular dysfunction (CMD) and endothelial dysfunction are key mechanisms of myocardial ischemia in chronic coronary
syndrome (CCS) patients without obstructive coronary disease (ANOCA/INOCA), found in 30-50% of cases and doubling cardiovascular risk.
The aim was to systematize clinical, biomarker and genetic predictors of CMD based on PubMed, Scopus, eLibrary sources (2015-2026). Clinical
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predictors, endothelial and inflammatory biomarkers (ADMA, endothelin-1, IL-6, hs-CRP), emerging markers (STREM2, FT4/FT3, GDF-15),
genetic polymorphisms (NOS3, ACE, EDN1/PHACTR1) and diagnostic modalities (CFR, IMR, PET) were systematized. Global and Uzbekistan
statistics are presented. Integrated assessment of these predictors is promising for personalizing CCS diagnosis, including in the Uzbekistan
population.

Keywords: coronary microvascular dysfunction; endothelial dysfunction; chronic coronary syndrome; ANOCA; INOCA,; biomarkers;
genetic polymorphisms.
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YURAK ISHEMIK KASALLIGIDA ENDOTELIAL VA KORONAR MIKROVASKULYAR DISFUNKSIYANI TASHXISLASH
JIHATLARI (ADABIYOTLAR SHARHI)

ANNOTATSIYA

Koronar mikrovaskulyar disfunksiya (KMD) va endotelial disfunksiya obstruktiv koronar kasalliksiz surunkali koronar sindromli (SKS)
bemorlarda (ANOCA/INOCA) miokard ishemiyasining asosiy mexanizmlari bo'lib, bemorlarning 30-50% ida aniglanadi va yurak-gon tomir
xavfini 2-2,5 baravar oshiradi. Magsad — KMD ning klinik, biomarker va genetik prediktorlarini tizimlashtirish (PubMed, Scopus, eLibrary, 2015-
2026). Klinik prediktorlar, endotelial va yallig'lanish biomarkerlari, yangi markerlar (STREM2, FT4/FT3, GDF-15), genetik polimorfizmlar (NOS3,
ACE, EDN1/PHACTRLY) va diagnostika usullari (CFR, IMR, PET) tizimlashtirildi. Bu ma'lumotlarni kompleks baholash SKS diagnostikasini

individuallashtirish uchun istigbolli hisoblanadi.

Kalit so'zlar: koronar mikrovaskulyar disfunksiya; endotelial disfunksiya; surunkali koronar sindrom; ANOCA; INOCA,; biomarkerlar;

genetik polimorfizmlar.

Kirish: Yurak-qon tomir kasalliklari (YUQTK) dunyodagi
o‘limning yetakchi sababi bo‘lib gqolmoqda: har yili ulardan 17,9-19,8
million kishi vafot etadi, global YUQTK holatlari soni esa 30-yil ichida
deyarli ikki baravar ko‘paydi (271 dan 523 milliongacha); 2050-yilga
borib kasallik targalishi 90 foizga, o‘lim esa 73 foizga oshishi bashorat
gilinmogda [1, 2]. O‘zbekiston Respublikasida yurak-qon tomir
kasalliklari o‘lim holatlarining 56 foizini va aholining nogironlik
holatlarining 25 foizini keltirib chigaradi, mamlakat esa yurak-gon
tomir kasalliklaridan o‘lim bo‘yicha Markaziy Osiyo mintagasidagi
yetakchilar gatoriga kiradi [3, 4]; shu bilan birga, milliy skrining
dasturlari 2024-yilda o‘lim strukturasidagi yurak-gqon tomir kasalliklari
ulushining 61 foizdan 57 foizgacha pasayishini ta’minladi [5].

Stenokardiya va miokard ishemiyasi belgilari bo‘lgan
bemorlarning sezilarli gismida epikardial arteriyalarning obstruktiv
shikastlanishi (ANOCA/INOCA) kuzatilmaydi; surunkali koronar
sindromning (SKS) ushbu fenotipining yetakchi mexanizmlari sifatida
koronar mikrovaskulyar disfunksiya (KMD) va endotelial disfunksiya
e’tirof etilgan bo‘lib, ular bunday bemorlarning 30-50 foizida
aniglanadi va salbiy yurak-gon tomir hodisalari (YUTXO) xavfini 2,08-
2,45 baravar oshiradi [6, 7, 37]. Yangilangan ESC tavsiyalari (2024)
koronar disfunksiyaning patofiziologik endotiplari tushunchasini
kiritadi [8], biroqg tashxis anigligining yaxshilanishi (CorCTA tadgiqoti)
hali alomatlarning yaxshilanishiga - "diagnostik va terapevtik uzilish"ga
o‘tkazilmagan [7]. Bu xavfning erta tabagalanishi uchun, shu jumladan
O*“zbekiston sog‘ligni saglash sharoitida go‘llanilishi mumkin bo‘lgan

KMDning mavjud klinik-biomarker
tizimlashtirish zarurligini asoslaydi.

Sharhning magsadi: YUIK bilan og‘rigan bemorlarda endotelial
va koronar mikrovaskulyar disfunksiyaning klinik, biomarker, genetik
va instrumental prediktorlarini tizimlashtirishdan iborat.

Material va usullar:  2015-2026-yillarda  "coronary
microvascular dysfunction,"” "endothelial dysfunction,"”
"ANOCA/INOCA," "biomarkers," "genetic polymorphism" va ularning
rus tilidagi mugqobillari bo‘yicha PubMed/MEDLINE, Scopus, Web of
Science, eLibrary.ru, CyberLeninka, inLibrary.uz nashrlari tahlil
qgilindi.

PATOFIZIOLOGIK MEXANIZMLAR

KMDning umumiy patogenetik bo‘g‘ini koronar gon ogimiga
95% gacha qarshilikni ta’minlaydigan koronar mikrotomirlar
(prearteriolalar, 40-400 mkm li arteriolalar, <10 mkm li kapillyarlar)
endoteliysining shikastlanishi bo‘lib, bunda vazodilatatsiyalovchi (NO,
prostatsiklin) va vazokonstriktor (endotelin-1, tromboksan A2) omillar
muvozanati buziladi [6, 9, 36]. Asosiy mexanizmlar: NO
biosinguvchanligining pasayishi, surunkali subklinik yallig‘lanish,
oksidativ stress, mikrotomirlarning tarkibiy qayta tuzilishi (sillig
mushak hujayralari gipertrofiyasi, perivaskulyar fibroz, kapillyarlarning
siyraklashishi) [7, 10]. Tizimli endotelial disfunksiya bilan patogenetik
o‘xshashliklar kuzatiladi, bu esa umumiy prediktorlarni izlashni
asoslaydi [7].

va genetik prediktorlarini

KLINIK BASHORATLAR

[EEN
'

adval. KMD va endotelial disfunksiyaning klinik bashoratchilari

Bashoratchi Mexanizm

Ma’lumotlar

Ayol jinsi / postmenopauza
ustunligi

Estrogenlar yetishmovchiligi — eNOS
faolligining pasayishi, vazokonstriksiyaning

KMD ayollarda mikrotomir genezli YUQTK
holatlarining 70% dan ortig‘iga sabab
bo‘ladi; ayollarda CFR pasayishi ko‘proq
uchraydi (20% va 6%, p=0,033) [11-13].

2-tur gandli diabet

ADMA?, ekzosomal mikroRNKlarning
disregulyatsiyasi, endoteliotsitlarning yog"
kislotalari almashinuvining buzilishi

QD bilan og‘rigan INOCA bemorlarida
mikroRNKning sezilarli disregulyatsiyasi
[14, 15]
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Bashoratchi

Mexanizm

Ma’lumotlar

Metabolik sindrom /
epikardial semizlik

Mikrotsirkulyatsiyaga yog* to‘gimasining
yallig‘lanishga qgarshi parakrin ta’siri

Epikardial yog* - KMDning mustaqil
prediktori, sezgirligi 85%, 0‘ziga xosligi
75% [16]

Avrterial gipertenziya

oshirish

Tomir devorini gayta qurish, NO migdorini
kamaytirish, sSVCAM-1/VWF darajasini

AG bilan og‘rigan bemorlarda ICAM-1,
VWF va ET-1 ko‘rsatkichlarining oshishi
[17]

Migren, chekish, CBK

to“planishi

Oksidlovchi stress, ADMA/sVCAM-1

Migren ko‘pincha ANOCA bilan og‘rigan
ayollarda uchraydi (45% va 14%) [13, 18]

o‘zgarishlari

FT4/FT3 subklinik

boshgarishi

Qalgonsimon bezning gon tomir tonusini

Eutireoidlarda KMDning mustaqil prediktori
INOCA (OSH 7,62; AUC 0,78) [1]

Erkaklarda

ko*pincha

epikardial  spazm,

ayollarda

esa

mikrotomirlar spazmi va CFR pasayishi aniglanadi, bunda vazomotor
disfunksiyaning umumiy chastotasi tagqoslanadi (95% va 88%) [13,

20].ENDOTELIAL

DISFUNKSIYA,

YALLIG‘LANISH

BIOMARKERLARI VA YANGI ISTIQBOLLI MARKERLAR

Eng ko‘p o‘rganilgan markerlar ADMA va endotelin-1
hisoblanadi; yallig‘lanish markerlari (IL-6, hs-CRP) mustaqil
prognostik giymatga ega, bir gator yangi ko‘rsatkichlar (STREM2,
FT4/FT3, GDF-15) esa istigbolli deb hisoblanadi (2-jadval). 2).

2-jadval. Koronar mikrovaskulyar va endotelial disfunksiyaning biomarkerlari

Guruh Biomarker Ahamiyat
. eNOS ingibitori; MASE bilan bog‘liq (OR 0,19; p=0,013), AT1 bilan
Endotelial ADMA bog‘lig oksidlanish stressi orgali KMDni kuchaytiradi [7, 21]
. - : Kuchli vazokonstriktor; darajasi KMDda koronar qon ogimi bilan
Endotelial Endotelin-1 (ET-1) teskari bog'liq [7, 21, 22]
Endotelial VWF, sVCAM-1, sSICAM-1, Endoteliy faollashuvi/shikastlanishi markerlari KMD, AG, CBKda
E-selektin yugori bo‘ladi [17, 18, 23]
Endotelial Endotelial CD144+ Noinvaziv surrogat marker: IMR bilan bog‘liglik, AUC 0,76, NPV
mikrozarrachalar (EMPs) 85,7% [24]
Yallig*lanishli hs-CRP "Quyi ogim" - yallig‘lanish belgisi, IL-6 ga garaganda kamroq o°ziga
X0s [25, 26]
Aterogenezda sababchi rol; ANOCA bilan og‘rigan ayollarda -
Yallig‘lanishli IL-6 MASEning mustaqil bashoratchisi, kardiometabolik yugori xavf
belgisi [25, 27]
yallia*lanishii TNF-a, miR-34a/145/222, Endoteliyning faollashuvi va gon tomirlarining gayta shakllanishi;
g SIRI koronar gon ogimining sekinlashishi fenomeni bilan bog‘ligligi [28]
. . CFR, IMR, MRR, RRR bilan bog‘lig; KMDning mustaqil
Yangi/istigbolli STREM2 bashoratchisi [29]
Yangi/istigbolli FT4/FT3 nisbati Eutireoidlarda KMD prediktori INOCA (AUC 0,78) [19]
- . ) Kardiometabolik/buyrak biomarkerlari; SKSda KMD bo‘yicha
Yangifistigbolli GDF-15 to‘g‘ridan-to‘g‘ri ma’lumotlar cheklangan [30, 31]
A . . QDda KMD bilan bog‘liq bo‘lib, endoteliotsitlarda yog* kislotalarining
Yangi/istigbolli Ekzosomal miR-16-2-3p parchalanishini bosharadi [15]
yanaifistiabolli Kopeptin, sST2, galektin-3, O*KSda o‘rganilgan; XKSda KMDga ekstrapolyatsiya gilish
gistiq endokan, MMP-9 validatsiyani talab giladi [32]

GENETIK MARKERLAR

KMD va endotelial disfunksiyaga irsiy moyillik asosan NO,

polimorfizmlari orgali amalga oshiriladi (1-jadval). KMD genetik
determinatsiyasining asosiy bevosita isboti PHACTR1/EDN1 lokusini

endotelin  sintezi va  renin-angiotenzin  tizimi  genlarining  o‘rganishdir [33].
3-jadval. Endotelial va koronar mikrovaskulyar disfunksiyaning genetik belgilari
Gen/ lokus Ko*p shakllilik Ta’sir ED/KMD bilan bog‘liglik
eNOS - S
G894T (Glu298Asp); T- o o YUIK, MI, ishemik insult, koronar
NOS3 (eNOS) 786C; VNTR 4b/4a :)12!;?;/;iransknp5|yasm|ng vazospazm xavfi (T/T genotipi) [34-36]
S Avrteriya devorining subklinik
ACE I/D (rs1799752) AAF faolligining o‘zgarishi o*zgarishlari, endotelial disfunksiya [37]
. ET-1 . . . .
EDNL1 (endotelin- | Lys198Asn (rs5370); R L Diffuz epikardial spazm, YUIK xavfi
1) tagSNP rs6458155 itiﬂf;z%as" sekretsiyasining | gy1'1 53-1,55), insult [33, 34]
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Gen/ lokus Ko‘p shakllilik Ta’sir ED/KMD bilan bog‘liglik
Tasdiglangan KMD bilan og‘rigan
rs9349379-G (6p24 . .. _~no, | Demorlarda allel chastotasi yugoriroq
PHACTR1/EDN1 lokusi) 1 endotelin ekspressiyasi >20% (46% va 39%, p=0,013), bu birinchi
bevosita dalil hisoblanadi [33].
ALDH2/ 1s671° .RAB1OK Aldegidlar detoksikatsiyasining | Koronar vazospazm assotsiatsiyasi
RNF213 P buzilishi; endotelial/ GMK stress | (Shargiy Osiyo kogortalari) [34]
T704C (1s699): - Angiotenzinogen darajasining Qon tomir tonusi va menopauzadan
AGT, ESR1 . 0°zgarishi; estrogenga keyingi mikrovaskulyar disfunksiya bilan
351A>G, -397T>C; . ot
sezuvchanlik bog‘liglik [16, 22]
Ko*“pchilik assotsiatsiyalar vazospastik stenokardiya ~ jumladan o‘zbek populyatsiyasi uchun ham istigbolli yo‘nalishga

kogortalarida va umumiy populyatsiyada olingan; SKSda bevosita
KMDni o‘rganish kam uchraydi, bu esa genetik profillashni, shu

aylantiradi.
INSTRUMENTAL DIAGNOSTIKA

4-jadval. KMDni tashxislash usullari

Usul Tur Mezonlar

CFR (koronar gon ogimi Invaziv/noinvaziv (ExoKG, .

zaxirasi) PET, MRT) CFR <2,0-2,5 bo‘lganda KMD [15, 20]

IMR / MRR Invaziv, termodiilyutsion IMR‘ _225 birlikda KMD; MRR - epikardial patologiyaga
bog‘lig emas [28, 30]

Angio-IMR Inva_\zw bg Imagan, PET va invaziv indekslarga garshi validatsiyalanadi [45]

angiografiyaga asoslangan

YuraI_< PE.T /MRT Invaziv bo‘Imagan, referens MFR <2,0; MPRI - yarim migdoriy baholash [3,37]

tekshiruvi

Atsetilxolin bilan sinama Invaziv funksional Endotehyga b.OQ‘I'q mlkr_ova:skulyar/ epikardial
vazospastik disfunksiyani aniglash [9]

KMD mexanizmlarini tushunishdagi yutuglarga garamay,
xavfning kompleks klinik-biomarker va genetik stratifikatsiyasining
yagona algoritmi mavjud emas. O‘zbek populyatsiyasida muhim
polimorfizmlarning (NOS3, EDN1/PHACTR1) tarqgalishi hagidagi
ma’lumotlar deyarli mavjud emas. Diagnostik va terapevtik uzilish
endotipga yo‘naltirilgan davolash zarurligini ko‘rsatadi. KMDni
noinvaziv tashxislash anigligini oshirish uchun multi-markerli
panellarmi (ADMAJET-1, IL-6, STREM2, asosiy SNP bo‘yicha
genotiplash) yaratish istigbolli hisoblanadi.

XULOSA

Endotelial va koronar mikrovaskulyar disfunksiya YUIK bilan
og‘rigan bemorlarda miokard ishemiyasining muhim, ammo yetarlicha
baholanmagan  mexanizmlaridir.  Endotelial ~ disfunksiya va
yallig‘lanishning klinik bashoratchilari, biomarkerlari, yangi markerlar
va genetik polimorfizmlarni tizimlashtirish  yurak-qon tomir
hodisalarini shaxsiylashtirilgan erta tashxislash va oldini olish uchun
asos yaratadi. O‘zbekistonda YUQTKning ko’pligi va KMD
prediktorlari to‘g‘risida milliy ma’lumotlarning yo‘qgligini hisobga

olgan holda, mahalliy populyatsiyada istigbolli tadgiqotlarni davom
ettirish dolzarb hisoblanadi.
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