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WYKAZ STOSOWANYCH SKROTOW

ADP
AST
AUC
BNP

CCTA

Cl
CK-mB
CRP

DALY

EKG
ESM-1
GPlIb/llla
IL-18

IL-6

LDH

LDL

MACE

MD

MHR

MRI

NLR

Adenozynodifosforan (ang. Adenosine diphosphate)

Aminotransferaza asparaginianowa (ang. Aspartate aminotransferase)
Pole pod krzywa (ang. Area under the curve)

Peptyd natriuretyczny typu B (ang. B-type natriuretic peptide)

Tomografia komputerowa tetnic wiericowych (ang. Coronary computed
tomography angiography)

Przedziat ufnosci (ang. Confidence interval)
Kinaza kreatynowa frakcji MB (ang. Creatine kinase-MB)
Biatko C-reaktywne (ang. C-reactive protein)

Lata zycia skorygowane o niepetnosprawnosc¢ (ang. Disability-adjusted
life years)

Elektrokardiografia (ang. Electrocardiography)

Endokan (ang. Endocan)

Receptor glikoproteinowy llb/llla (ang. Glycoprotein lIb/Illa receptor)
Interleukina-1 beta (ang. Interleukin-1 beta)

Interleukina-6 (ang. Interleukin-6)

Dehydrogenaza mleczanowa (ang. Lactate dehydrogenase)
Lipoproteina o niskiej gestosci (ang. Low-density lipoprotein)

Powazne powiktania sercowo-naczyniowe (ang. Major adverse
cardiovascular events)

Rdznica srednich (ang. Mean difference)

Stosunek monocytéw do cholesterolu HDL (ang. Monocyte to HDL
cholesterol ratio)

Rezonans magnetyczny (ang. Magnetic resonance imaging)

Stosunek neutrofili do limfocytéw (ang. Neutrophil-to-lymphocyte ratio)



NSTEMI

NT-proBNP

ozw

PCI

PLR
PLT

STEMI

TF

TGF-B

TXA2
Treg

hs-cTn

SAP

suPAR

UAP

WBC

Zawat serca bez uniesienia odcinka ST (ang. Non-ST-elevation
myocardial infarction)

N-koricowy propeptyd natriuretyczny typu B (ang. N-terminal pro b-
type natriuretic peptide)

Ostre zespoty wiencowe (ang. Acute coronary syndrome)

Przezskérna interwencja wiencowa (ang. Percutaneous coronary
intervention)

Stosunek ptytek do limfocytéw (ang. Platelet-to-lymphocyte ratio)
Ptytki krwi (ang. Platelets)

Zawat serca z uniesieniem odcinka ST (ang. ST-elevation myocardial
infarction)

Czynnik tkankowy (ang. Tissue factor)

Transformujgcy czynnik wzrostu beta (ang. Transforming growth factor
beta)

Tromboksan A2 (ang. Thromboxane A2)
Limfocyty T regulatorowe (ang. Regulatory T lymphocytes)

Wysokoczute troponiny sercowe (ang. High-sensitivity Cardiac
Troponin)

Stabilna dtawica piersiowa (ang. Stable angina pectoris)

Rozpuszczalny receptor aktywatora plazminogenu typu urokinazy (ang.
Soluble urokinase-type plasminogen activator receptor)

Niestabilna dtawica piersiowa (ang. Unstable angina pectoris)

Biate krwinki (ang. White blood cell)
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STRESZCZENIE W JEZYKU POLSKIM

Wstep

Ostre zespoty wiericowe (OZW) pozostajg jedng z gtdwnych przyczyn zachorowalnosci
i Smiertelnosci na Swiecie, stanowigc istotne wyzwanie diagnostyczne i terapeutyczne.
Skuteczna diagnostyka oraz precyzyjna stratyfikacja ryzyka pacjentéw z podejrzeniem
OZW maja kluczowe znaczenie dla optymalizacji strategii leczenia i poprawy rokowania.
Obecnie jedna z podstawowych sktadowych diagnostyki poza objawami klinicznymi oraz
elektrokardiografg (EKG) OZW pozostajg biomarkery sercowe, w szczegdlnosci troponiny
sercowe (cTn), ktére stanowig ztoty standard w identyfikacji uszkodzenia miesnia
sercowego. Niemniej jednak, ze wzgledu na heterogennos¢ populacji pacjentéw oraz
ztozonos¢ mechanizmoéw patofizjologicznych lezacych u podstaw OZW, konieczne jest
poszukiwanie dodatkowych biomarkeréw o potencjale diagnostycznym
i prognostycznym.

W ostatnich latach liczne badania wskazaty na istotng role parametrow zapalnych,
hematologicznych oraz wskaznikdw metabolicznych w ocenie pacjentéw z OZW.
Biomarkery takie jak wspotczynnik neutrofili do limfocytédw (NLR), wspétczynnik ptytek do
limfocytow (PLR), wspotczynniki oparte na ptytkach, stosunek monocytéw do cholesterolu
HDL (MHR), cystatyna C (CysC), galektyna-3, rozpuszczalny receptor aktywatora
plazminogenu typu urokinazy (suPAR) oraz endokan (ESM-1) moga dostarczyé cennych
informacji na temat proceséw zapalnych, dysfunkcji srédbtonka, mechanizmow
krzepniecia oraz destabilizacji blaszki miazdzycowej. Integracja tych parametrow
z klasycznymi markerami sercowymi moze zwiekszy¢ czutos¢ i swoistos¢ diagnostyczng,
a takze poprawic predykcje powiktan sercowo-naczyniowych, takich jak ponowny zawat

serca, niewydolno$é serca czy smiertelnosc.

Cel pracy

Ocena wartosci diagnostycznej i prognostycznej wybranych biomarkeréw w ostrych
zespotach wiericowych (OZW) oraz ich potencjalnego zastosowania w stratyfikacji ryzyka
pacjentéw, optymalizacji strategii leczenia i przewidywaniu powiktan sercowo-

naczyniowych.
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Materiat i metody

Niniejszy cykl monotematycznych publikacji obejmuje jedno badanie retrospektywne oraz
siedem systematycznych przeglagddw literatury z meta-analizami, koncentrujacych sie na
diagnostyczne i prognostycznej roli roznych biomarkeréw w ostrych zespotach
wiencowych (OZW).

Celem pierwszej pracy byta ocena diagnostycznej i prognostycznej wartosci
wspotczynnika neutrofili do limfocytéw (NLR) u pacjentéw z ostrymi zespotami
wiencowymi. W tym celu przeprowadzono systematyczny przeglad literatury z meta-
analiza, zgodnie z wytycznymi PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses). Przeszukano bazy danych: PubMed Central, Medline, Scopus,
EMBASE oraz Cochrane Central. Protokdt badawczy zostat weczesniej zaakceptowany przez
wszystkich autoréw i zarejestrowany w miedzynarodowej bazie PROSPERO
(CRD42023468529). Do analizy wtgczono wytgcznie artykuty opublikowane w jezyku
angielskim w recenzowanych czasopismach, natomiast wykluczono publikacje w innych
jezykach oraz prace o charakterze edytoriali, listdw do redakcji, opisdw przypadkow,
badan dotyczacych populacji pediatrycznej, przegladdéw narracyjnych oraz materiatéow
konferencyjnych. W wyniku przeszukiwania baz danych zidentyfikowano 1148
potencjalnych referencji. Po procesie selekcji do ostatecznej analizy witgczono
90 artykutéw obejmujgcych facznie 45 990 pacjentow.

Kolejna analiza koncentrowata sie na ocenie wartosci prognostycznej
wspotczynnika ptytek do limfocytéw (PLR) u pacjentéw z ostrymi zespotami wieicowymi
(OZW). Podobnie jak w pierwszym badaniu, przeprowadzono systematyczny przeglad
literatury z meta-analizg, a jego protokdt zostat prospektywnie zarejestrowany w bazie
PROSPERO (CRD42023447572). Strategia wyszukiwania obejmowata te same bazy danych
— PubMed Central, Medline, Scopus, EMBASE oraz Cochrane Central — z dodatkowym
uwzglednieniem Google Scholar. Do analizy wigczono wytgcznie artykuty opublikowane
w jezyku angielskim, ktére porownywaty wartosci PLR u pacjentéw z OZW, przy czym
kryteria wykluczenia pozostawaty identyczne jak w poprzednim badaniu. W wyniku
przeszukiwania baz danych zidentyfikowano 2236 artykutéw. Po eliminacji duplikatow
oraz selekcji na podstawie tytutéw i abstraktéow, a nastepnie petnej oceny wybranych

publikacji, do ostatecznej analizy wiaczono 19 artykutéw.
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Trzecie badanie miato charakter retrospektywny i zostato przeprowadzone w celu
oceny przydatnosci wskaznikédw pochodzenia ptytkowego w rdéznicowaniu pacjentéow
z ostrym zespotem wiencowym, klasyfikowanych do grup STEMI i NSTEMI. Analizie
poddano pacjentéow hospitalizowanych na Oddziale Kardiologii i Chorob Wewnetrznych
Uniwersyteckiego Szpitala nr 1 w Bydgoszczy w okresie od 1 wrzesnia do 21 grudnia 2023
roku. Dane Kkliniczne oraz laboratoryjne uzyskano retrospektywnie na podstawie
elektronicznej dokumentacji medycznej. Do badania wtaczono 65 pacjentéw, sposréd
ktorych 25 spetniato kryteria STEMI, a 40 zakwalifikowano do grupy NSTEMI. Aby okresli¢
zdolnos¢ diagnostyczng wybranych wskaznikow w réznicowaniu STEMI i NSTEMI,
przeprowadzono analize krzywych ROC (Receiver Operating Characteristic). Wartosc¢ pola
pod krzywa (AUC) obliczono dla kazdego wskaznika, a optymalne wartosci odciecia
okre$lono na podstawie indeksu Youdena, co umozliwito oszacowanie ich czutosci
i swoistosci.

Czwarta analiza koncentrowata sie na ocenie wartosci prognostycznej wskaznika
monocytow do lipoprotein o wysokiej gestosci (MHR) u pacjentéw z ostrymi zespotami
wiencowymi (OZW). W tym celu przeprowadzono systematyczny przeglad literatury
z meta-analizg, zgodnie z wytycznymi PRISMA, a protokdt badania zostat prospektywnie
zarejestrowany w bazie PROSPERO (CRD42023480204). W celu identyfikacji badan
dotyczacych zwigzku MHR z rokowaniem pacjentéw z OZW przeanalizowano publikacje
indeksowane w bazach PubMed, EMBASE, Scopus, Web of Science oraz Cochrane Library.
Strategia wyszukiwania zostata zaprojektowana tak, aby uwzgledni¢ szeroki zakres
synonimow i terminéw kluczowych zwigzanych zaréwno z MHR, jak i OZW, co pozwolito
na uzyskanie mozliwie najbardziej kompleksowego zbioru danych. Po eliminacji
duplikatéw oraz wstepnej selekcji na podstawie tytutow i abstraktéw, do petnej analizy
wiaczono 11 badan obejmujgcych tgcznie 7421 pacjentow.

Pigta analiza koncentrowata sie na ocenie wartosci diagnostycznej
i prognostycznej cystatyny C (CysC) u pacjentdéw z ostrymi zespotami wieicowymi (OZW).
W tym celu przeprowadzono systematyczny przeglad literatury z meta-analizg, zgodnie
z wytycznymi PRISMA, a protokdét badania zostat prospektywnie zarejestrowany w bazie
PROSPERO (CRD42024575092). Aby oceni¢ przydatnos¢ cystatyny C jako markera
diagnostycznego i prognostycznego w populacji pacjentow z OZW, przeprowadzono

kompleksowe wyszukiwanie literatury w bazach PubMed, Web of Science, Cochrane
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Library oraz Embase. Strategia wyszukiwania zostata starannie opracowana, aby
uwzgledni¢ szeroki zakres synoniméw i termindw kluczowych zwigzanych zaréwno
z cystatyng C, jak i réznymi postaciami OZW, w tym STEMI, NSTEMI oraz UAP.
Wyszukiwanie ograniczono do artykutow opublikowanych do 1 sierpnia 2024 roku
i obejmowato wytgcznie publikacje w jezyku angielskim. Po eliminacji duplikatéw oraz
wstepnej selekcji na podstawie tytutow i abstraktédw do petnej analizy zakwalifikowano 59
badan, obejmujgcych tgcznie 43 189 pacjentdéw. Kryteria wigczenia obejmowaty badania
kohortowe oraz case-control, w ktérych analizowano stezenie cystatyny C w odniesieniu
do wynikdw klinicznych pacjentéw z OZW.

Szésta analiza, rowniez przeprowadzona w formie systematycznego przegladu
literatury z meta-analiza, koncentrowata sie na szczegdtowe] ocenie wartosci
diagnostycznej i prognostycznej cystatyny C (CysC) u pacjentdow z ostrymi zespotami
wiencowymi. Cystatyna C, jako biomarker zaangazowany w procesy zapalne, stres
oksydacyjny i dysfunkcje $rédbtonka, budzi coraz wieksze zainteresowanie jako
potencjalny wskaznik prognostyczny w kardiologii. Podobnie jak w poprzednich analizach,
badanie przeprowadzono zgodnie z wytycznymi PRISMA, a jego protokot zostat
prospektywnie zarejestrowany w bazie PROSPERO (CRD42024575092). Przeglad literatury
obejmowat bazy PubMed, Web of Science, Cochrane Library oraz Embase, a strategia
wyszukiwania zostata zoptymalizowana pod katem uwzglednienia szerokiego spektrum
synonimow i termindéw zwigzanych z CysC i OZW (STEMI, NSTEMI, UAP). Po usunieciu
duplikatéw oraz wstepnej selekcji na podstawie tytutéw i abstraktéw do petnej analizy
wiaczono 59 badan, obejmujacych tacznie 43 189 pacjentéw. Kryteria wigczenia
obejmowaty badania kohortowe oraz case-control, w ktérych analizowano poziom
cystatyny C w kontekscie wynikdéw klinicznych pacjentow z OZW. Uwzgledniono wytgcznie
badania dostarczajace szczegétowych danych na temat stezenia CysC oraz jego zwigzku z
rokowaniem pacjentéw, w tym z powiktaniami sercowo-naczyniowymi, takimi jak
Smiertelnos¢, ponowny zawat serca, niewydolnos$¢ serca oraz konieczno$¢ ponowne;j
rewaskularyzacji.

Siédma analiza koncentrowata sie na ocenie wartosci diagnostycznej
rozpuszczalnego receptora aktywatora plazminogenu typu urokinazy (suPAR) jako
biomarkera ostrych zespotow wiencowych. Wspotczesna medycyna dazy do identyfikacji

nowych biomarkerdow o wysokiej wartosci prognostyczne;j i diagnostycznej, ktére mogtyby
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usprawni¢ wczesne rozpoznanie OZW oraz stratyfikacje ryzyka u pacjentow
hospitalizowanych z podejrzeniem zawatu serca. suPAR, jako marker aktywacji ukfadu
immunologicznego oraz stanu zapalnego, budzi rosnace zainteresowanie w kontekscie
jego potencjalnej roli w chorobach sercowo-naczyniowych. Podobnie jak w poprzednich
meta-analizach, badanie przeprowadzono zgodnie z wytycznymi PRISMA, a jego protokét
zostat prospektywnie zarejestrowany w bazie PROSPERO (CRD42023431413). W celu
kompleksowej oceny przydatnosci suPAR jako markera diagnostycznego w OZW
przeprowadzono systematyczne wyszukiwanie literatury w bazach Web of Science,
PubMed, Scopus oraz Cochrane Central Register of Controlled Trials. Dodatkowo, w celu
zwiekszenia kompletnosci przegladu, przeanalizowano wyniki z Google Scholar oraz
recznie przeszukano listy referencyjne wybranych publikacji. Strategia wyszukiwania
obejmowata szeroki zakres synonimow i termindéw kluczowych zwigzanych zaréwno z
SUPAR, jak i réznymi postaciami OZW, w tym STEMI, NSTEMI oraz niestabilng dfawica
piersiowg (UA). Po eliminacji duplikatow oraz selekcji na podstawie tytutéw i abstraktéw,
do petnej analizy zakwalifikowano pie¢ badan obejmujgcych tgcznie 3417 pacjentéw.
Kryteria wigczenia obejmowaty badania kohortowe i case-control, w ktorych
poréwnywano poziomy suPAR u pacjentow z OZW oraz w grupach kontrolnych.
Uwzgledniono wytacznie publikacje dostarczajgce szczegétowych danych dotyczacych
stezen suPAR oraz jego zwigzku z wynikami klinicznymi pacjentéw, a takze badania
raportujgce zaleznos¢ suPAR z powiktaniami sercowo-naczyniowymi, takimi jak
Smiertelnos¢, ponowny zawat serca oraz niewydolnos¢ serca.

Osma i ostatnia publikacja oceniata wartoéé diagnostyczng i prognostyczna
endokanu (ESM-1) u pacjentéw z OZW. Jako marker dysfunkcji srédbtonka i proceséw
zapalnych, endokan budzi rosngce zainteresowanie w kontekscie progresji zawatu miesnia
sercowego i oceny ryzyka pacjentéw. Podobnie jak w poprzednich metaanalizach, badanie
przeprowadzono zgodnie z wytycznymi PRISMA, a jego protokoéf zarejestrowano w bazie
PROSPERO (CRD42024575085). W systematycznym przegladzie uwzgledniono publikacje
indeksowane w PubMed, Scopus, Embase i Cochrane Library, koncentrujgc sie na
endokanie w réznych postaciach OZW (STEMI, NSTEMI, niestabilna dtawica piersiowa). Po
selekgc;ji literatury do ostatecznej analizy zakwalifikowano cztery badania obejmujace 741

pacjentdw. Wyniki wskazujg, ze endokan moze odgrywaé istotng role w mechanizmach
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destabilizacji blaszki miazdzycowej i prognozowaniu OZW, co wymaga dalszych badan

klinicznych.

Wyniki

W pierwszym badaniu, majgcym na celu ocene wartosci diagnostycznej i prognostyczne;j
wskaznika NLR w kontekscie OZW, wykazano istotne rdznice w jego poziomach. Stezenie
NLR byto wyraznie wyzsze u pacjentdw z zawatem migsnia sercowego z uniesieniem
odcinka ST (STEMI) w poréwnaniu do chorych bez uniesienia odcinka ST (NSTEMI) (4,94 +
3,24 vs. 3,24 £ 2,74). Podobng tendencje zaobserwowano w grupie pacjentdw z ostrym
zawatem miesnia sercowego (AMI), gdzie wartosci NLR przewyzszaty te odnotowane
u 0séb z niestabilng dtawicg piersiowg (4,47 + 3,43 vs. 2,97 + 1,58). Réwniez wsrdd
pacjentdw z OZW wskaznik NLR byt istotnie wyzszy w porédwnaniu do chorych ze stabilng
dtawicq piersiowg (SAP) (5,45 + 4,28 vs. 2,46 + 2,15) oraz oséb z grupy kontrolnej (5,31 +
4,01 vs. 2,46 + 2,45). Ponadto wykazano istotng korelacje miedzy poziomem NLR
a Smiertelnosciag w OZW - pacjenci, ktdérzy przezyli, mieli istotnie nizsze wartosci
wskaznika w poréwnaniu do tych, ktorzy zmarli (3,67 + 2,72 vs. 5,56 *+ 3,93). Analiza
podgrup wykazata rowniez, ze wsrdd pacjentdw ze STEMI osoby, ktore przezyty, miaty
nizszy wskaznik NLR niz te, ktére zmarty (4,28 + 3,24 vs. 6,79 + 3,98). Podobng zaleznos¢
zaobserwowano w konteks$cie powaznych incydentéw sercowo-naczyniowych (MACE).
Pacjenci z OZW, u ktérych wystapity MACE, mieli wyzszy wskaznik NLR w poréwnaniu do
0s6b bez takich zdarzen (6,29 + 4,89 vs. 3,82 + 4,12). W grupie chorych na STEMI pacjenci,
u ktérych doszto do MACE, rowniez charakteryzowali sie istotnie wyzszymi wartosciami
NLR w poréwnaniu do tych, u ktérych nie odnotowano powikfan (6,99 + 5,27 vs. 4,99 +
4,12).

W drugim badaniu, oceniajagcym potencjalng role prognostyczng wskaznika
stosunku ptytek do limfocytéw (PLR) u pacjentéw z podejrzeniem OZW, wykazano, ze
wartosci PLR byty istotnie wyzsze u pacjentow, u ktérych wystgpity powazne incydenty
sercowo-naczyniowe (164,0 + 68,6) w poréwnaniu do oséb bez takich zdarzen (115,3 +
36,9; MD = 40,14; 95% Cl: 22,76-57,52; p < 0,001). Przeprowadzona analiza wykazata
réwniez, ze u pacjentdow z ostrym zawatem miesnia sercowego (AMI), ktorzy zmarli,
warto$¢ PLR byta istotnie wyzsza (183,3 £ 30,3) niz u 0séb, ktore przezyty (126,2 + 16,8;
MD = 39,07; 95% Cl: 13,30-64,84; p = 0,003). Podobng tendencje zaobserwowano
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w poréwnaniu pacjentéw z OZW do grupy kontrolnej, gdzie srednie stezenie PLR byto
istotnie wyzsze w grupie OZW (168,2 + 81,1 vs. 131,9 + 37,7, MD = 39,01; 95% Cl: 2,81-
75,21; p = 0,03). Analiza podgrup wykazata réwniez réznice w poziomach PLR miedzy
pacjentami z STEMI a NSTEMI, jednak rdznica ta nie osiggneta istotnosci statystycznej
(165,5 £ 92,7 vs. 159,5 + 87,8; MD = 5,98; 95% Cl: -15,09-27,04; p = 0,58). Podobnie,
poréwnanie wartosci PLR pomiedzy pacjentami z zawatem miesnia sercowego (M)
a osobami z niestabilng dtawicg piersiowg (UAP) wskazywato na wyzsze wartosci PLR
w grupie M1 (162,4 £90,0vs. 128,2 + 64,9), jednak réznica ta réwniez nie byta statystycznie
istotna (MD = 18,28; 95% Cl: -8,16-44,71; p = 0,18).

Trzecie badanie wykazato, ze liczba leukocytéw (WBC) charakteryzowata sie
najwyzszg mocg dyskryminacyjng (AUC: 0,78) przy wartosci progowej 10,56, z czutoscia
wynoszacy 84% i swoistoscig na poziomie 80%. Stwierdzono silng korelacje pomiedzy
stezeniem cholesterolu LDL (LDL-C) a catkowitym cholesterolem (r = 0,96) oraz miedzy
poziomem hemoglobiny a hematokrytem (r = 0,95). Umiarkowane zaleznosci
zaobserwowano miedzy liczbg leukocytéw (WBC) a liczba ptytek krwi (PLT) (r = 0,52) oraz
pomiedzy PLT a wskaznikiem stosunku ptytek do leukocytéw (PLT-to-WBC) (r = 0,38).
Natomiast stosunek ptytek do catkowitego cholesterolu (PLT-to-total cholesterol)
wykazywat ujemng korelacje ze stezeniem cholesterolu (r = -0,63), podobnie jak
hemoglobina z wskaZznikiem stosunku ptytek do hemoglobiny (PLT-to-hemoglobin)
(r = -0,34). Dodatkowo, stosunek ptytek do hematokrytu (PLT-to-hematocrit)
charakteryzowat sie umiarkowang mocg dyskryminacyjng (AUC: 0,60) zrdwnowazong pod
wzgledem czutosci (48%) i swoistosci (80%).

W badaniu czwartym nizsze wartosci wskaznika stosunku monocytéw do HDL
(MHR) w poréwnaniu do wysokich wartosci MHR byty istotnie statystycznie zwigzane
z nizszg $miertelnoscig wewnatrzszpitalng (0,9% vs. 5,5%; P < 0,001), smiertelnoscig po
3 miesigcach (4,4% vs. 11,2%; P = 0,02), po 6 miesigcach (4,0% vs. 10,2%; P = 0,03), po
roku (4,2% vs. 10,2%; P < 0,001), a takze w dtugoterminowej obserwacji (7,5% vs. 13,7%;
P <0,001).

W badaniu pigtym oceniajgcym wartos$¢ diagnostyczngj i prognostyczng cystatyny
C (CysC) u pacjentéw z OZW, stezenia CysC byty istotnie wyzsze u pacjentow z ostrymi
zespotami wiedcowymi w poréwnaniu do grupy kontrolnej (MD = 0,36; p < 0,001) oraz

u chorych z ostrym zawatem miesnia sercowego (AMI) w poréwnaniu do pacjentow
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z niestabilng dtawica piersiowg (MD = 0,18; p < 0,001). Nie stwierdzono istotnych réznic
w poziomach CysC pomiedzy pacjentami ze STEMI i NSTEMI. Pacjenci, u ktérych wystapity
powazne incydenty sercowo-naczyniowe (MACE), mieli wyzsze stezenia CysC
w poréwnaniu do oséb bez takich zdarzenn (MD = 0,25; p < 0,001). Ponadto, osoby, ktére
przezyly hospitalizacje, charakteryzowaty sie nizszymi wartosciami CysC niz pacjenci,
ktérzy zmarli (MD = -0,25; p < 0,001). Podwyzszone stezenia CysC byty zwigzane ze
zwiekszonym ryzykiem wystapienia MACE, zgonu sercowego, catkowitej Smiertelnosci,
ponownego zawatu miesnia sercowego oraz udaru, zarowno w trakcie hospitalizacji, jak
i w dtugoterminowej obserwacji.

W badaniu széstym stezenia galektyny-3 (Gal-3) byly istotnie wyzsze w grupie
pacjentow z ostrymi zespotami wiericowymi w poréwnaniu do grupy kontrolnej (12,84 +
8,48 ng/mL vs. 7,23 6,05 ng/mL; MD = 3,89; 95% Cl: 2,83-4,95; p < 0,001). Réwniez
w pordéwnaniu pacjentdw z ostrym zawatem miesnia sercowego do grupy kontrolnej
wartosci Gal-3 byty znaczgco podwyzszone (10,09 + 8,16 vs. 4,64 + 3,07 ng/mL; MD = 4,30;
95% Cl: 0,41-8,18; p < 0,001). Analiza statystyczna wykazata réwniez istotne rdznice
w poziomach Gal-3 pomiedzy pacjentami ze STEMI a grupa kontrolng (10,62 + 7,34 vs.
5,54 + 2,96 ng/mL; MD = 5,54; 95% Cl: 3,12-7,97; p < 0,001). Natomiast nie stwierdzono
istotnych rdznic pomiedzy pacjentami z NSTEMI a grupa kontrolng ani pomiedzy chorymi
ze STEMI i NSTEMI.

Siédme badanie, ktérego celem byfta ocena wartosci diagnostycznej stezen
rozpuszczalnego receptora dla urokinazowego aktywatora plazminogenu (suPAR) u 0séb
z podejrzeniem ostrych zespotéw wieficowych, wykazato, ze srednie stezenie suPAR byto
istotnie wyzsze w grupie pacjentow z OZW w pordéwnaniu do grupy kontrolnej (3,56 + 1,38
vs. 2,78 + 0,54 ng/mL; réznica $rednich: 1,04; 95% przedziat ufnosci: 0,64-1,44; |12 = 99%;
p <0,001).

Osme badanie, majgce na celu ocene przydatnosci endokanu jako biomarkera
rdznicujgcego poszczegdlne postacie ostrych zespotéw wiencowych, w tym STEMI,
NSTEMI oraz UAP, wykazato, ze jego stezenia byty podwyzszone w grupie pacjentow ze
STEMI. Srednia warto$¢ endokanu w tej grupie wynosita 1,68 (+0,84) i byfa istotnie wyzsza
w poréwnaniu do grupy kontrolnej (1,20 + 0,38; MD = 0,58; 95% Cl: 0,10-1,05; p = 0,02).
U pacjentéw z NSTEMI Srednie stezenie endokanu wynosito 1,16 (+0,38), co rowniez byto

nieznacznie wyzsze niz w grupie kontrolnej (1,06; MD =0,17; 95% Cl: 0,01-0,33; p = 0,03).
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Jednak analiza faczna nie wykazata istotnych statystycznie réznic w poziomach endokanu
pomiedzy pacjentami ze STEMI a osobami z NSTEMI lub UAP, gdzie wartosci wynosity
odpowiednio 2,22 (+1,22) oraz 2,64 (£1,22) (MD = 0,01; 95% CI: -0,20-0,21; p = 0,95).

Whioski

Przeprowadzone badania wskazuja na istotng role wybranych biomarkerow
w diagnostyce i prognozowaniu ostrych zespotéw wiencowych (OZW). Biomarkery
zapalne odgrywaja kluczowa role w stratyfikacji ryzyka pacjentow z OZW. Wykazano, ze
wskazniki takie jak NLR (stosunek neutrofili do limfocytéow), PLR (stosunek ptytek do
limfocytéw) oraz MHR (stosunek monocytéw do cholesterolu HDL) s3 silnie powigzane
z rokowaniem. Wyzsze wartosci tych parametrow korelujg ze zwiekszonym ryzykiem
powiktarn sercowo-naczyniowych (MACE) oraz podwyzszong $miertelnoscig. Ponadto,
wskazniki ptytkowe moga wspomagac zaréwno diagnostyke, jak i prognozowanie OZW.
Badania sugerujg, ze nowe parametry, takie jak stosunek ptytek do hematokrytu oraz
wskazniki objetosci ptytek, moga by¢ uzyteczne w réznicowaniu STEMI i NSTEMI, co moze
usprawnic¢ proces diagnostyczny. Cystatyna C jest obiecujgcym biomarkerem oceny ryzyka
MACE i niewydolnosci serca. Jej podwyzszone stezenie wigze sie z wyzszym ryzykiem
zgonu, zawatu serca i udaru mézgu u pacjentéw z OZW, co sugeruje jej potencjalne
zastosowanie w stratyfikacji ryzyka i podejmowaniu decyzji terapeutycznych. Kolejne
biomarkery, takie jak galektyna-3 i SUPAR, sg markerami przewlektego stanu zapalnego,
ktorych poziomy sg podwyzszone u pacjentéw z OZW. Moga one wspomagac wczesng
diagnostyke oraz ocene ryzyka powiktan, jednak ich rutynowe zastosowanie kliniczne
wymaga dalszych badan. Istotnym odkryciem jest rowniez rola endokanu jako biomarkera
dysfunkcji srodbtonka. Jego poziomy sg wyraznie wyzsze u pacjentéw z OZW, zwtaszcza w
STEMI, co sugeruje jego udziat w destabilizacji blaszki miazdzycowej i progresji choroby
wieAcowej. Mimo ze troponiny pozostajg ztotym standardem w diagnostyce OZW,
dodatkowe biomarkery mogg poprawi¢ precyzje stratyfikacji ryzyka, szczegdlnie
u pacjentdw z nietypowg prezentacja kliniczng lub chorobami wspdfistniejgcymi,
np. przewlekta chorobg nerek. Podsumowujac, wiekszo$¢ analizowanych badan wskazuje
na potrzebe standaryzacji wartosci progowych biomarkeréw oraz opracowania

algorytmow integrujacych rdézine parametry w ocenie ryzyka OZW. Dalsze badania
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powinny obejmowac szerokie spektrum pacjentéw, co pozwoli na zwiekszenie klinicznej

uzytecznosci tych wskaznikow i wdrozenie ich do codziennej praktyki medyczne;j.
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STRESZCZENIE W JEZYKU ANGIELSKIM

ANALYSIS OF THE DIAGNOSTIC AND PREDICTIVE UTILITY OF SELECTED BIOMARKERS FOR
PATIENTS WITH ACUTE CORONARY SYNDROMES

Introduction

Acute coronary syndromes (ACS) remain one of the leading causes of morbidity and
mortality worldwide, posing significant diagnostic and therapeutic challenges. Effective
diagnosis and accurate risk stratification of patients with suspected ACS are crucial for
optimizing treatment strategies and improving prognosis. Currently, one of the basic
diagnostic components, besides clinical symptoms and electrocardiography (ECG) of ACS,
remains cardiac biomarkers, particularly cardiac troponins (cTn), which are the gold
standard for identifying myocardial damage. However, due to the heterogeneity of
patient populations and the complexity of the pathophysiological mechanisms underlying
ACS, it is necessary to search for additional biomarkers with diagnostic and prognostic
potential.

In recent years, numerous studies have pointed out the important role of
inflammatory parameters, hematological parameters, and metabolic indicators in the
evaluation of patients with ACS. Biomarkers such as neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), platelet-based ratios, monocyte-to-HDL cholesterol
ratio (MHR), cystatin C (CysC), galectin-3, soluble urokinase-type plasminogen activator
receptor (suPAR), and endocan (ESM-1) can provide valuable information on
inflammatory processes, endothelial dysfunction, coagulation mechanisms, and
atherosclerotic plagque destabilization. Integration of these parameters with classical
cardiac markers can increase diagnostic sensitivity and specificity, as well as improve the
prediction of cardiovascular complications such as reinfarction, heart failure, and

mortality.

Objective
To evaluate the diagnostic and prognostic value of selected biomarkers in acute coronary
syndromes (ACS) and their potential use in patient risk stratification, optimization of

treatment strategies, and prediction of cardiovascular complications.
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Material and methods

This series of monothematic publications includes one retrospective study and seven
systematic reviews of the literature with meta-analyses, focusing on the diagnostic and
prognostic role of various biomarkers in acute coronary syndromes (ACS).

The aim of the first study was to evaluate the diagnostic and prognostic value of
the neutrophil-to-lymphocyte ratio (NLR) in patients with acute coronary syndromes. For
this purpose, a systematic review of the literature with meta-analysis was conducted in
accordance with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines. Databases were searched: PubMed Central, Medline, Scopus,
EMBASE, and Cochrane Central. The research protocol was approved in advance by all
authors and registered in the international PROSPERO database (CRD42023468529). Only
articles published in English in peer-reviewed journals were included in the analysis, while
publications in other languages and papers in the nature of editorials, letters to the editor,
case reports, pediatric population studies, narrative reviews, and conference proceedings
were excluded. A search of databases identified 1148 potential references. After the
selection process, 90 articles covering a total of 45,990 patients were included in the final
analysis.

Another analysis focused on evaluating the prognostic value of the platelet-to-
lymphocyte ratio (PLR) in patients with acute coronary syndromes. Similar to the first
study, we conducted a systematic literature review with meta-analysis and prospectively
registered its protocol in the PROSPERO database (CRD42023447572). The search strategy
included the same databases—PubMed Central, Medline, Scopus, EMBASE, and Cochrane
Central—with the additional inclusion of Google Scholar. Only articles published in English
that compared PLR values in patients with ACS were included in the analysis, with the
exclusion criteria remaining the same as in the previous study. A search of the databases
identified 2236 articles. After the elimination of duplicates and selection based on titles
and abstracts, followed by a full evaluation of the selected publications, 19 articles were
included in the final analysis.

The third study was retrospective and was conducted to evaluate the usefulness
of platelet-derived indices in differentiating patients with acute coronary syndrome,

classified into STEMI and NSTEMI groups. The analysis included patients hospitalized in
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the Department of Cardiology and Internal Medicine at the University Hospital No. 1 in
Bydgoszcz between September 1 and December 21, 2023. Clinical and laboratory data
were retrospectively obtained from electronic medical records. Sixty-five patients were
included in the study, of whom 25 met criteria for STEMI and 40 were classified as NSTEMI.
To determine the diagnostic ability of selected indicators in differentiating STEMI and
NSTEMI, Receiver Operating Characteristic (ROC) curve analysis was performed. The value
of the area under the curve (AUC) was calculated for each indicator, and optimal cutoff
values were determined based on Youden's index to estimate their sensitivity and
specificity.

The fourth analysis focused on assessing the prognostic value of the monocyte-to-
high-density lipoprotein ratio (MHR) in patients with acute coronary syndromes. For this
purpose, a systematic review of the literature with meta-analysis was conducted
according to PRISMA guidelines, and the study protocol was prospectively registered in
the PROSPERO database (CRD42023480204). Publications indexed in PubMed, EMBASE,
Scopus, Web of Science, and Cochrane Library databases were analyzed to identify studies
on the association of MHR with the prognosis of patients with ACS. The search strategy
was designed to include a wide range of synonyms and key terms related to both MHR
and ACS to obtain the most comprehensive dataset possible. We included 11 studies
involving a total of 7421 patients in the full analysis, eliminating duplicates and pre-
selecting based on titles and abstracts.

The fifth analysis focused on evaluating the diagnostic and prognostic value of
cystatin C (CysC) in patients with acute coronary syndromes. For this purpose, a
systematic literature review with meta-analysis was conducted according to PRISMA
guidelines, and the study protocol was prospectively registered in the PROSPERO
database (CRD42024575092). To assess the utility of cystatin C as a diagnostic and
prognostic marker in the ACS patient population, a comprehensive literature search was
conducted in PubMed, Web of Science, Cochrane Library, and Embase databases. The
search strategy was carefully designed to include a wide range of synonyms and key terms
related to both cystatin C and various forms of ACS, including STEMI, NSTEMI, and UAP.
The search was limited to articles published by August 1, 2024, and included only English-
language publications. After the elimination of duplicates and pre-selection based on

titles and abstracts, 59 studies, involving a total of 43,189 patients, were eligible for full
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analysis. Inclusion criteria included cohort and case-control studies that analyzed cystatin
Clevels in relation to clinical outcomes of patients with ACS.

The sixth analysis, also conducted as a systematic literature review with meta-
analysis, focused on a detailed evaluation of the diagnostic and prognostic value of
cystatin C (CysC) in patients with acute coronary syndromes (ACS). Cystatin C, as a
biomarker involved in inflammation, oxidative stress, and endothelial dysfunction, is of
increasing interest as a potential prognostic indicator in cardiology. As in previous
analyses, the study was conducted according to PRISMA guidelines, and the protocol was
prospectively registered in the PROSPERO database (CRD42024575092). The literature
review included PubMed, Web of Science, Cochrane Library, and Embase databases, and
the search strategy was optimized to include a broad spectrum of synonyms and terms
related to CysC and ACS (STEMI, NSTEMI, UAP). The full analysis included 59 studies,
involving a total of 43,189 patients, after removing duplicates and pre-selection based on
titles and abstracts. Inclusion criteria included cohort and case-control studies that
analyzed cystatin C levels in the context of clinical outcomes of patients with ACS. Only
studies providing detailed data on CysC levels and its association with patient prognosis,
including cardiovascular complications such as mortality, reinfarction, heart failure, and
the need for repeat revascularization, were included.

The seventh analysis focused on evaluating the diagnostic value of soluble
urokinase-type plasminogen activator receptor (suPAR) as a biomarker of acute coronary
syndromes. Modern medicine is striving to identify new biomarkers with high prognostic
and diagnostic value that could improve the early diagnosis of ACS and risk stratification
in patients hospitalized with suspected myocardial infarction. SUPAR, as a marker of
immune system activation and inflammation, is of growing interest for its potential role
in cardiovascular disease. As in previous meta-analyses, the study was conducted
according to PRISMA guidelines, and its protocol was prospectively registered in the
PROSPERO database (CRD42023431413). In order to comprehensively evaluate the utility
of suPAR as a diagnostic marker in ACS, a systematic literature search was conducted in
the Web of Science, PubMed, Scopus, and Cochrane Central Register of Controlled Trials
databases. In addition, to increase the completeness of the review, results from Google
Scholar were analyzed, and reference lists of selected publications were manually

searched. The search strategy included a wide range of synonyms and key terms related
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to both suPAR and various forms of ACS, including STEMI, NSTEMI, and unstable angina
(UA). After the elimination of duplicates and selection based on titles and abstracts, five
studies involving a total of 3,417 patients were eligible for full analysis. Inclusion criteria
included cohort and case-control studies that compared suPAR levels in patients with ACS
and controls. Only publications providing detailed data on suPAR concentrations and its
relationship to patients' clinical outcomes were included, as well as studies reporting the
relationship of suPAR with cardiovascular complications such as mortality, reinfarction,
and heart failure.

The eighth and final publication evaluated the diagnostic and prognostic value of
endocan (ESM-1) in patients with ACS. As a marker of endothelial dysfunction and
inflammatory processes, endocan is of growing interest in the context of myocardial
infarction progression and patient risk assessment. As in previous meta-analyses, the
study was conducted according to PRISMA guidelines, and the protocol was registered in
the PROSPERO database (CRD42024575085). The systematic review included publications
indexed in PubMed, Scopus, Embase, and the Cochrane Library, focusing on endocan in
different forms of ACS (STEMI, NSTEMI, unstable angina). After selecting the literature,
we selected four studies involving 741 patients for final analysis. The results indicate that
endocan may play an important role in the mechanisms of plaque destabilization and
prognosis in ACS, which requires further clinical studies.

Results

The first study to evaluate the diagnostic and prognostic value of the NLR index in the
context of ACS showed significant differences in its levels. NLR levels were significantly
higher in patients with ST-segment elevation myocardial infarction (STEMI) compared to
non-ST-segment elevation myocardial infarction (NSTEMI) patients (4.94 + 3.24 vs. 3.24 +
2.74). A similar trend was observed among patients with acute myocardial infarction
(AMI), where NLR values exceeded those recorded in those with unstable angina (4.47
3.43vs. 2.97 £1.58). Also, among patients with ACS, the NLR index was significantly higher
compared to patients with stable angina (SAP) (5.45 *+ 4.28 vs. 2.46 * 2.15) and control
subjects (5.31 + 4.01 vs. 2.46 + 2.45). In addition, there was a significant correlation
between NLR levels and mortality in ACS—patients who survived had significantly lower
index values compared to those who died (3.67 £ 2.72 vs. 5.56 + 3.93). Subgroup analysis

also showed that among STEMI patients, survivors had lower NLR rates than those who

25



died (4.28 * 3.24 vs. 6.79 £ 3.98). A similar relationship was observed in the context of
major cardiovascular incidents (MACE). Patients with ACS who experienced MACE had a
higher NLR compared to those without such events (6.29 + 4.89 vs. 3.82 + 4.12). In the
STEMI group, patients who experienced MACE also had significantly higher NLRs
compared to those without complications (6.99 £ 5.27 vs. 4.99 + 4.12).

The second study, evaluating the potential prognostic role of the platelet-to-
lymphocyte ratio (PLR) in patients with suspected ACS, showed that PLR values were
significantly higher in patients who had experienced major cardiovascular events (164.0 +
68.6) compared to those without such events (115.3 + 36.9; MD = 40.14; 95% Cl: 22.76-
57.52; p < 0.001). The analysis also showed that patients with acute myocardial infarction
(AMI) who died had a significantly higher PLR value (183.3 + 30.3) than those who survived
(126.2 £ 16.8; MD = 39.07; 95% Cl: 13.30-64.84; p = 0.003). A similar trend was observed
when comparing patients with ACS to controls, where mean PLR levels were significantly
higher in the ACS group (168.2 £ 81.1 vs. 131.9 £ 37.7; MD = 39.01; 95% Cl: 2.81-75.21; p
= 0.03). Subgroup analysis also showed differences in PLR levels between STEMI and
NSTEMI patients, but the difference did not reach statistical significance (165.5 + 92.7 vs.
159.5 + 87.8; MD = 5.98; 95% Cl: -15.09-27.04; p = 0.58). Similarly, a comparison of PLR
values between patients with myocardial infarction (Ml) and those with unstable angina
(UAP) indicated higher PLR values in the Ml group (162.4 + 90.0 vs. 128.2 + 64.9), but this
difference was also not statistically significant (MD = 18.28; 95% Cl: -8.16-44.71; p = 0.18).

The third study showed that the leukocyte count (WBC) had the highest
discriminatory power (AUC: 0.78) with a threshold value of 10.56, with a sensitivity of 84%
and specificity of 80%. Strong correlations were found between LDL cholesterol (LDL-C)
and total cholesterol (r = 0.96) and between hemoglobin and hematocrit (r = 0.95).
Moderate correlations were observed between leukocyte count (WBC) and platelet count
(PLT) (r = 0.52) and between PLT and platelet-to-leukocyte ratio (PLT-to-WBC) (r = 0.38).
In contrast, the platelet-to-total cholesterol (PLT-to-total cholesterol) ratio showed a
negative correlation with cholesterol concentration (r = -0.63), as did hemoglobin with
the platelet-to-hemoglobin (PLT-to-hemoglobin) ratio index (r = -0.34). In addition, the
platelet-to-hematocrit ratio (PLT-to-hematocrit) had moderate discriminatory power

(AUC: 0.60) balanced in terms of sensitivity (48%) and specificity (80%).

26



In the fourth study, lower monocyte-to-HDL ratio (MHR) values compared to high
MHR values were statistically significantly associated with lower in-hospital mortality
(0.9% vs. 5.5%; P < 0.001), mortality at 3 months (4.4% vs. 11.2%; P = 0.02), at 6 months
(4.0% vs. 10.2%; P = 0.03), at 1 year (4.2% vs. 10.2%; P < 0.001), and at long-term follow-
up (7.5% vs. 13.7%; P < 0.001).

In the fifth study evaluating the diagnostic and prognostic value of cystatin C (CysC)
in patients with ACS, CysC levels were significantly higher in patients with acute coronary
syndromes compared to controls (MD = 0.36; p < 0.001) and in patients with acute
myocardial infarction (AMI) compared to patients with unstable angina (MD = 0.18; p <
0.001). There were no significant differences in CysC levels between patients with STEMI
and NSTEMI. Patients who experienced major cardiovascular events (MACE) had higher
CysC levels compared to those without such events (MD = 0.25; p < 0.001). In addition,
those who survived hospitalization had lower CysC values than patients who died (MD = -
0.25; p < 0.001). Elevated CysC concentrations were associated with an increased risk of
MACE, cardiac death, total mortality, myocardial reinfarction, and stroke, both during
hospitalization and in long-term follow-up.

In study six, galectin-3 (Gal-3) levels were significantly higher in patients with acute
coronary syndromes compared to controls (12.84 + 8.48 ng/mLvs. 7.23 + 6.05 ng/mL; MD
= 3.89; 95% Cl: 2.83-4.95; p < 0.001). Also, when comparing patients with acute
myocardial infarction to controls, Gal-3 values were significantly elevated (10.09 + 8.16
vs. 4.64 £ 3.07 ng/mL; MD = 4.30; 95% Cl: 0.41-8.18; p < 0.001). Statistical analysis also
showed significant differences in Gal-3 levels between STEMI patients and controls (10.62
+7.34 vs. 5.54 + 2,96 ng/mL; MD = 5.54; 95% Cl: 3.12-7.97; p < 0.001). In contrast, there
were no significant differences between patients with NSTEMI and controls, or between
patients with STEMI and NSTEMI.

The seventh study, which aimed to assess the diagnostic value of soluble receptor
for urokinase plasminogen activator (suPAR) concentrations in patients with suspected
acute coronary syndromes (ACS), showed that mean suPAR concentrations were
significantly higher in patients with ACS compared to controls (3.56 + 1.38 vs. 2.78 + 0.54
ng/mL; mean difference: 1.04; 95% confidence interval: 0.64-1.44; 1> = 99%; p < 0.001).

The eighth study, designed to evaluate the usefulness of endocan as a biomarker

for differentiating between different forms of acute coronary syndromes, including
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STEMI, NSTEMI, and UAP, showed that its levels were elevated in the group of patients
with STEMI. The mean endocan value in this group was 1.68 (+0.84), which was
significantly higher compared to the control group (1.20 + 0.38; MD = 0.58; 95% ClI: 0.10-
1.05; p = 0.02). In patients with NSTEMI, the mean endocan concentration was 1.16
(£0.38), which was also slightly higher than in the control group (1.06; MD =0.17; 95% Cl:
0.01-0.33; p = 0.03). However, pooled analysis showed no statistically significant
differences in endocan levels between patients with STEMI and those with NSTEMI or
UAP, where values were 2.22 (+1.22) and 2.64 (+1.22), respectively (MD = 0.01; 95% Cl: -
0.20-0.21; p = 0.95).

Conclusions

The studies indicate the important role of selected biomarkers in the diagnosis and
prognosis of acute coronary syndromes (ACS). Inflammatory biomarkers play a key role in
the risk stratification of patients with ACS. Indicators such as NLR (neutrophil-to-
lymphocyte ratio), PLR (platelet-to-lymphocyte ratio), and MHR (monocyte-to-HDL
cholesterol ratio) have been shown to be strongly associated with prognosis. Higher
values of these parameters correlate with increased risk of cardiovascular complications
(MACE) and increased mortality. In addition, platelet indices can aid both the diagnosis
and prognosis of ACS. Studies suggest that new parameters, such as platelet to hematocrit
ratio and platelet volume indices, may be useful in differentiating STEMI and NSTEMI,
which may improve the diagnostic process. Cystatin C is a promising biomarker for
assessing the risk of MACE and heart failure. Its elevated levels are associated with a
higher risk of death, myocardial infarction, and stroke in patients with ACS, suggesting its
potential use in risk stratification and therapeutic decision-making. Patients with ACS
exhibit elevated levels of further biomarkers, such as galectin-3 and suPAR, which are
markers of chronic inflammation. They may aid early diagnosis and assessment of
complication risk, but their routine clinical use requires further research. The role of
endocan as a biomarker of endothelial dysfunction is also an important finding. Its levels
are markedly higher in patients with ACS, especially in STEMI, suggesting its involvement
in atherosclerotic plaque destabilization and coronary artery disease progression. While
troponins continue to be the primary diagnostic tool for ACS, the inclusion of additional

biomarkers could enhance the accuracy of risk stratification, particularly in patients with
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unique clinical presentations or comorbidities like chronic kidney disease. In conclusion,
most of the studies reviewed point to the need to standardize biomarker thresholds and
to develop algorithms that integrate different parameters in ACS risk assessment. Further
studies should include a broad spectrum of patients to increase the clinical utility of these

indicators and implement them in daily medical practice.
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1. WSTEP

1.1. Definicja i znaczenie ostrych zespotow wieicowych

Ostre zespoty wiericowe (OZW) stanowig jedng z najpowazniejszych manifestacji choroby
niedokrwiennej serca i sq gtdwng przyczyng zachorowalnosci oraz $miertelnosci na
Swiecie [1]. Zgodnie z obowigzujgcymi wytycznymi Europejskiego Towarzystwa
Kardiologicznego ostre zespoty wieicowe to grupa schorzen sercowo-naczyniowych
charakteryzujgcych sie nagtym ograniczeniem przeptywu krwi przez tetnice wiencowe, co
prowadzi do niedokrwienia miesnia sercowego [2](Rycina 1). Prawidtowa klasyfikacja i
diagnostyka OZW s3 kluczowe dla wdrozenia odpowiedniego postepowania
terapeutycznego, co przekfada sie na rokowanie pacjenta. Proces diagnostyczny opiera
sie na potfaczeniu objawdw klinicznych, wynikdw elektrokardiografii (EKG) oraz oznaczen
biomarkeréw sercowych, gtéwnie troponin. Ocena tych parametrow umozliwia szybka
stratyfikacje ryzyka oraz podjecie decyzji dotyczacych dalszego leczenia, w tym
koniecznosci zastosowania interwencji reperfuzyjnych, takich jak przezskérna interwencja

wiencowa (PCl) [2].

Proces miazdzycowy
Tetnica wiericowa

e LA BCE - o
Przekrdj
poprzeczny przez
tetnice
Prawidtowa Blaszka Niestabilna dtawica
tetnica wiericowa miazdzycowa piersiowa / NSTEMI
Przekrdj 4
podtézny przez
tetnice  E————
Rycina 1. Postep procesu miazdzycowego a zawat miesnia sercowego. Zrédto: Opracowanie wiasne.

31



1.1. Klasyfikacja i kryteria diagnostyczne OZW

Ostre zespoty wiencowe (OZW) stanowig szerokg grupe schorzen, ktére obejmuja
niestabilng dtawice piersiowg, zawat serca z uniesieniem odcinka ST (STEMI) oraz zawat
serca bez uniesienia odcinka ST (NSTEMI), co wymaga zastosowania precyzyjnych
kryteridw diagnostycznych. Kryteria te opierajg sie gtéwnie na analizie objawow
klinicznych, wynikach elektrokardiogramu (EKG) oraz pomiarze biomarkeréw sercowych,
takich jak troponiny. STEMI charakteryzuje sie obecnoscig uniesienia odcinka ST w EKG,
co wskazuje na catkowity okluzje tetnicy wiencowej, podczas gdy NSTEMI, mimo braku
uniesienia tego odcinka, charakteryzuje sie podwyzszonymi poziomami troponin
wynikajgcymi z czesSciowej niedroznosci tetnicy spowodowanej przez zwezenia tetnicy
wiencowej, przejsciowq okluze lub mikroembolizacje skrzepu wraz lub tez z materiatem
miazdzycowym [3-5]. Réznicowanie miedzy nimi ma kluczowe znaczenie dla wdrozenia
odpowiedniej terapii, co podkresla znaczenie algorytmow diagnostycznych opierajgcych
sie na wynikach EKG i biomarkerach [6,7].

NSTEMI, w przeciwienstwie do STEMI, nie wykazuje cech catkowitej okluzji tetnicy
wiencowej, co czyni proces diagnostyczny bardziej wymagajgcym. W przypadku NSTEMI
samotne podwyzszenie troponin, w potgczeniu z objawami niedokrwienia i wykluczeniem
uniesienia odcinka ST w EKG, wskazuje na udziat bardziej ztozonych mechanizmow
niedokrwienia. Troponiny, szczegdlnie wysokoczute (hs-cTn), s3 nieocenionym
wskaznikiem diagnostycznym, ktéry umozliwia skuteczne réznicowanie miedzy STEMI a
NSTEMI, a takze szybkie rozpoczecie leczenia [5,8]. Jednakze, aby poprawic specyficznosé
rozpoznania, konieczne jest uwzglednienie dodatkowych elementéw diagnostycznych,
takich jak chociazby echokardiografia [9-11].

W diagnostyce niestabilnej dtawicy piersiowe] istnieja dodatkowe trudnosci
wynikajgce z braku trwatych zmian w EKG oraz nieobecnosci podwyzszenia poziomu
troponin. Przejsciowos¢ zmian w EKG, a takze subiektywnosé oceny objawow klinicznych
sq istotnymi ograniczeniami, ktdére wymagajg bardziej szczegdtowej interpretacji
i zastosowania dodatkowych metod, takich jak testy wysitkowe czy obrazowanie [3,12].
Dtawica ta wymaga szczegdlnej uwagi klinicznej, poniewaz jej objawy mogg byé
nieswoiste, a réznicowanie z innymi typami OZW jest kluczowe dla unikniecia btedow

diagnostycznych. Uzupetniajgce badania, takie jak echokardiografia, pozwalajg
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na identyfikacje subtelnych objawdéw niedokrwienia, co znaczaco zwieksza skutecznosc
diagnostyki [9].

Zawat serca typu 1 charakteryzuje sie miazdzycowo-zakrzepowym podtozem,
ktore czesto wynika z pekniecia lub erozji blaszki miazdzycowej. W diagnostyce tego typu
kluczowa role odgrywa angiografia, ktéra pozwala na ocene zaawansowania procesu
chorobowego [4]. Z kolei zawat serca typu 2, bedacy wynikiem nieréwnowagi miedzy
podazg a zapotrzebowaniem tlenu, stwarza wieksze wyzwania diagnostyczne. Moze byc¢
spowodowany rdznorodnymi czynnikami, takimi jak skurcz naczyn wiencowych,
niedokrwistos¢ czy hipotensja, co wymaga bardziej kompleksowego podejscia [9]. Wysoka
czestos¢ chordéb wspodfistniejgcych u pacjentow z zawatem typu 2 oraz trudne do
interpretacji wyniki biomarkeréw dodatkowo komplikujg proces diagnostyki [8].

Kryteria diagnostyczne OZW wymagaja wielokrotnego oznaczania poziomow
troponin w odpowiednich interwatach czasowych, co pomaga w ocenie dynamiki zmian
i potwierdzeniu rozpoznania. Wprowadzenie wysokoczutych testdw troponin umozliwito
wykrycie nawet niewielkich uszkodzen miesnia sercowego, co skraca czas do rozpoczecia
leczenia [8]. Jednoczesnie choroby wspdtistniejgce, takie jak przewlekta niewydolnosé
serca czy choroba nerek, mogg prowadzi¢ do podwyzszenia pozioméw troponin,
co wymaga uwzglednienia petnego obrazu klinicznego [*3]. Algorytmy diagnostyczne
uwzgledniajace wyniki troponin, EKG oraz objawy kliniczne znaczaco zwiekszajg precyzje
diagnozy, jednoczesnie minimalizujac ryzyko bteddw.

Zmiany w zapisie EKG, takie jak uniesienie odcinka ST w STEMI, wskazuja na
catkowita niedroznos$¢ tetnicy wiefcowej i wymagajg natychmiastowej interwenciji.
Nieprawidtowosci dotyczgce kompleksu QRS czy odcinka PR moga wskazywac na przebyte
niedokrwienie lub inne patologie, ktére rowniez wymagajg diagnostyki uzupetniajgcej
[4,14 ,15]. Interpretacja EKG w potaczeniu z algorytmami diagnostycznymi pozwala na
szybkie réznicowanie typéw OZW, co jest kluczowe dla wdrozenia odpowiedniego
leczenia [3].

Wzrost czestosci rozpoznawania NSTEMI wzgledem STEMI obserwowany
w ostatnich latach wskazuje na zmieniajgce sie obcigzenia epidemiologiczne i kliniczne
zwigzane z OZW [3]. Zmiana ta moze by¢ zwigzana z udoskonaleniem metod
diagnostycznych, zwfaszcza wprowadzeniem wysokoczutych testow do oznaczania

troponin T lub I, co pozwala na doktadniejsze wykrywanie uszkodzenia miesnia
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sercowego. Dodatkowo, usprawnienie systeméw postepowania z pacjentami z bdlem
w klatce piersiowej przyczynito sie do czestszego rozpoznawania NSTEMI. Wzrost liczby
rozpoznan NSTEMI moze réwniez wynikac z rzeczywistych zmian epidemiologicznych,
takich jak starzenie sie populacji i wieksza liczba oséb z chorobami wspétistniejgcymi,
ktore predysponujg do tego typu zawatu. Wprowadzenie wysokoczutych testéw troponin
wptyneto na zmniejszenie liczby rozpoznan niestabilnej dfawicy piersiowej, co dodatkowo
zmienia obraz epidemiologiczny ostrych zespotéw wiencowych [4,16,17]. Mozna zatem
postawié¢ teze, iz zastosowanie nowoczesnych narzedzi diagnostycznych pozwala
na wczesniejsze wykrywanie uszkodzen miesnia sercowego, co poprawia efektywnosc

leczenia.

1.3. Epidemiologia i wptyw na zdrowie publiczne
Epidemiologia ostrych zespotéw wiericowych (OZW) stanowi podstawe do zrozumienia
ich wptywu na zdrowie publiczne na poziomie globalnym i narodowym. OZW s3 jednymi
z najwazniejszych problemdéw zdrowotnych na swiecie, przyczyniajac sie do istotnej liczby
zachorowan i zgondéw. W Stanach Zjednoczonych choroba niedokrwienna serca dotyka
6,4% dorostych w wieku co najmniej 20 lat, co przektada sie na okoto 15,4 miliona oséb
[3]. Dane epidemiologiczne wskazujg na istotne réznice w zapadalnosci zalezne od wieku
i ptci [18,19]; przyktadowo, wsrdd oséb w wieku 40—-44 lata na 100 tysiecy mieszkancow
zachorowalnos$¢ wynosi 121 dla mezczyzn i 25 dla kobiet, za$ w grupie oséb w wieku 80—
84 lata odpowiednie wartosci wynoszg 1718 i 1075 przypadkéw na 100 tysiecy
mieszkancow [20]. Takie zréznicowanie wskazuje na istotny wptyw wieku, co podkresla
znaczenie monitorowania i wczesniejszego wykrywania czynnikdw ryzyka, jak rdwniez
potrzeby dostosowania dziatan profilaktycznych do specyfiki rdéinych grup
demograficznych.

W tym miejscu warto wskaza¢ na spostrzezenia ktorych dokonali Khan i wsp.
w swoim badaniu [21]. Zaobserwowali oni bowiem iz w wielu regionach $wiata spadek
standaryzowanych wzgledem wieku wskaznikdw zapadalnosci, chorobowosci oraz
Smiertelnosci zwigzanych z chorobga niedokrwienng serca (ChNS). Wptywa to réwniez na
zmniejszenie obcigzenia spotecznego ta chorobg, mierzonego liczbg lat zycia
skorygowanych o niepetnosprawnos¢ (DALY). Trend ten jest szczegdlnie widoczny

w krajach rozwinietych i moze wynikac z szeregu czynnikéw, zaréwno indywidualnych, jak
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i systemowych. Jednym z kluczowych elementéw wptywajacych na zmniejszenie czestosci
wystepowania ChNS jest rosngca swiadomos¢ spoteczna dotyczgca znaczenia zdrowego
stylu zycia. Coraz wiekszg uwage zwraca sie na profilaktyke choréb uktadu sercowo-
naczyniowego, w tym eliminacje czynnikdw ryzyka, takich jak palenie tytoniu, brak
aktywnosci fizycznej oraz nieprawidtowe nawyki zywieniowe, ktére prowadzg do nadwagi
i otytosci [21,22].

Waznym elementem wspierajagcym ten pozytywny trend sg szeroko zakrojone
inicjatywy zdrowia publicznego, ukierunkowane na redukcje palenia tytoniu, ktére
w ostatnich dekadach znaczgco zmniejszyto czesto$é wystepowania tego natogu w wielu
populacjach [23,24]. Ponadto, wdrazane na poziomie krajowym strategie majace na celu
promowanie zdrowego stylu zycia, w tym kampanie edukacyjne oraz regulacje prawne
dotyczace jakosci zywnosci, moga odgrywac kluczowa role w walce z narastajgcym
problemem otytosci [25,26]. Mimo wyraznej poprawy w zakresie prewencji i leczenia,
ChNS wciaz pozostaje wiodaca przyczyng zgondw na Swiecie, co wskazuje na koniecznosé
dalszych dziatarh majacych na celu redukcje jej wptywu na zdrowie publiczne [27].

Szczegblng uwage zwraca sytuacja w krajach Europy Wschodniej, gdzie obcigzenie
chorobg niedokrwienng serca utrzymuje sie na stosunkowo wysokim poziomie [21]. Nie
mozna jednoznacznie przypisac tego zjawiska jednej przyczynie, jednak liczne badania
wskazujg na wieloczynnikowy charakter tego problemu. Znaczaca role moga odgrywac
uwarunkowania socjoekonomiczne, wysoki poziom stresu spotecznego, ograniczony
dostep do profilaktyki zdrowotnej oraz powszechno$¢ niezdrowych nawykow
zywieniowych. Dodatkowo, w wielu krajach regionu obserwuje sie wysoki poziom
konsumpcji alkoholu, co moze przyczynia¢ sie do wzrostu ryzyka chordb sercowo-
naczyniowych [21,28]. W niektdrych populacjach rosnace obcigzenie ChNS moze by¢ takze
efektem zmian demograficznych, w tym starzenia sie spoteczeristwa, co dodatkowo
zwieksza liczbe oséb narazonych na rozwdj schorzen uktadu sercowo-naczyniowego.

OZW sg szeroko rozpowszechnionym problemem zdrowotnym, ktéry dotyka
zaréwno mtodsze, jak i starsze osoby, choc¢ czestos¢ wystepowania wyraznie wzrasta wraz
z wiekiem. W Polsce, epidemiologiczne dane wskazuja na znaczgce rdznice zwigzane
z pfcig i grupg wiekowa, przy czym mezczyzni pozostajg bardziej narazeni na zachorowanie
niz kobiety w wiekszosci analizowanych grup wiekowych [20]. Taka obserwacja nasuwa

pytania dotyczagce wptywu czynnikdw hormonalnych oraz stylu zycia [29]. Z kolei
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w Stanach Zjednoczonych czesto$¢ wystepowania OZW zmniejsza sie w wyniku
efektywniejszej diagnostyki oraz dziatan prewencyjnych [30]. Nalezy jednak zauwazy¢, ze
réznice miedzy danymi epidemiologicznymi w réznych krajach moga wynikaé¢ nie tylko
z odmiennego podejscia do profilaktyki, ale takie z rdinic w dostepnosci opieki
zdrowotnej. Poréwnania epidemiologiczne miedzy krajami takimi jak Polska i Stany
Zjednoczone s3 istotne, poniewaz mogg ukazaé potencjalne luki w istniejgcych systemach
ochrony zdrowia oraz mozliwosci poprawy [31].

OZW generuja istotne obcigzenie dla systeméw ochrony zdrowia i gospodarki.
Koszty zwigzane z leczeniem i zarzadzaniem skutkami OZW, takimi jak przewlekta
niewydolnos¢ serca czy kolejne hospitalizacje, s3 znaczne zaréwno w Polsce, jak i na
Swiecie [32,33]. Angioplastyka wiefAcowa, chociaz kosztowna, znacznie poprawia
rokowania pacjentéow, zmniejszajac smiertelnos¢ pozabiegowg, zwtaszcza wsréd osob
poddanych rehabilitacji [34,35]. Dtugoterminowa strategia leczenia pacjentéw z OZW
musi uwzgledniac zarowno optymalizacje kosztéw, jak i zapewnienie kompleksowej opieki
obejmujacej nie tylko procedury inwazyjne, ale takze edukacje zdrowotng i rehabilitacje
kardiologiczna.

Czynniki ryzyka OZW, takie jak nadcisnienie tetnicze, dyslipidemia i palenie tytoniu,
odgrywaja kluczowa role w ich etiologii. Nadcisnienie tetnicze pozostaje dominujgcym
czynnikiem ryzyka, wystepujac u 65,7% pacjentdéw z zawatem miesnia sercowego
w Polsce, natomiast dyslipidemia dotyczy 34,6%, a palenie tytoniu 32,1% pacjentéw [36].
Wptyw tych czynnikdw wymusza zintensyfikowanie dziatan prewencyjnych, w tym
programow kontroli cisnienia krwi, terapii antytytoniowych oraz szerokiego stosowania
statyn [37]. Warto zwréci¢ uwage na nietypowe czynniki ryzyka, takie jak przewlekty stan
zapalny i predyspozycje genetyczne, ktére mogg zwiekszaé podatnos¢ na rozwdj OZW
poprzez destabilizacje blaszek miazdzycowych [30]. Dalsze badania nad tymi
mechanizmami mogg pomadc w identyfikacji nowych biomarkeréw oraz w opracowaniu
bardziej zindywidualizowanych strategii diagnostycznych [12].

Deficyty w kontroli czynnikdw ryzyka, takich jak nadcisnienie tetnicze i cukrzyca,
mogg przyczynia¢ sie do progresji choroby niedokrwiennej i dalszego zwiekszania
obcigzen zdrowotnych oraz ekonomicznych na poziomie krajowym. Szczegdlnie istotna
jest skutecznosé terapii farmakologicznych, w tym stosowania lekéw na nadcisnienie

tetnicze. Mechanizmy lezagce u podstaw retencji sodu i wody, obserwowane
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m.in. w przypadku nadcisnienia czy przewlektej niewydolnosci serca, moga miec istotne
znaczenie w rozwijaniu sie obcigzen zwigzanych z OZW. Farmakologiczne interwencje
ukierunkowane na optymalizacje stanu gospodarki elektrolitowej pacjentéw, takie jak
stosowanie diuretykdw, pozwalajg nie tylko na poprawe wynikéw klinicznych, ale takze
na zmniejszenie ryzyka niewydolnosci sercowo-naczyniowej [38]. Regularne
monitorowanie lekow redukujacych obcigzenie ptynowe moze zatem stanowi¢ istotny
element kompleksowej strategii zarzadzania ryzykiem u pacjentéow z OZW [39].

Pomimo postepu w diagnostyce i leczeniu OZW, istniejg istotne rdznice regionalne
w dostepnosci zaawansowanych procedur oraz jakosci opieki zdrowotnej. W Polsce
wyzsza smiertelno$¢ w regionach o mniejszym doswiadczeniu klinicznym wskazuje na
pilng potrzebe poprawy organizacji opieki zdrowotnej oraz szkolenia personelu
medycznego [40]. Dodatkowo réznice w wynikach leczenia pacjentéw rehabilitowanych
i nierehabilitowanych wskazujg na koniecznos¢ zwiekszenia dostepnosci do ustug
rehabilitacyjnych, ktére znaczaco zmniejszajg $miertelnos¢ pozabiegowa [41,42].
Wdrazanie kompleksowych modeli opieki, ktore uwzgledniaja nowoczesng diagnostyke
przy pomocy biomarkeréw oraz petny dostep do rehabilitacji, jest kluczowe dla poprawy

wynikow leczenia i jakosci zycia pacjentow z OZW.

1.4. Diagnostyka ostrych zespotow wieicowych

Pilna diagnostyka zespotdéw wiencowych stanowi kluczowy etap w zarzadzaniu pacjentami
z potencjalnymi zagrozeniami sercowo-naczyniowymi. W dalszej czesci pracy omoéwiony
zostanie fundamentalny wkfad elektrokardiografii oraz nowoczesnych technik
obrazowych w rdznicowanie miedzy réznymi typami zawatdw serca i ich istotnych
biomarkeréw sercowych. W kontekscie szybkie i precyzyjnej diagnostyki, rozwazone
zostang takze wyzwania, przed ktorymi stoimy, oraz przyszte kierunki rozwoju w tej

dziedzinie, dazac do poprawy wynikéw terapeutycznych.

1.4.1. Elektrokardiografia i badania obrazowe
Elektrokardiografia (EKG) odgrywa fundamentalng role w diagnostyce ostrych zespotéw
wiencowych (OZW), umozliwiajgc réznicowanie miedzy zawatem serca z uniesieniem

odcinka ST (STEMI) a zawatem bez uniesienia odcinka ST (NSTEMI). W przypadku STEMI
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charakterystyczne uniesienie odcinka ST w zapisie EKG pozwala na szybkie rozpoznanie
catkowitej okluzji tetnicy wiencowej, co wymaga natychmiastowej interwencji
reperfuzyjnej [43]. Z kolei NSTEMI, mimo ze réwniez wigze sie z niedokrwieniem miesnia
sercowego, nie wykazuje wspomnianego uniesienia, co czyni proces diagnostyczny
bardziej skomplikowanym [7]. W praktyce klinicznej zaleca sie wykonanie EKG w ciggu 10
minut od zgtoszenia pacjenta z bdlem w klatce piersiowej. Takie podejscie pozwala na
szybka ocene stanu pacjenta i podjecie odpowiednich dziatan terapeutycznych, co istotnie
wptywa na redukcje Smiertelnosci wewnatrzszpitalnej [7].

Interpretacja zapisow EKG wymaga jednak szczegdtowej analizy, obejmujgcej nie
tylko zmiany w odcinku ST, ale takze inne wskazniki, takie jak kompleks QRS czy odcinek
PR. W szczegdlnych przypadkach, takich jak zatorowosc ptucna czy zapalenie osierdzia,
zmiany w EKG moga nasladowaé obraz STEMI, co podkresla potrzebe diagnostyki
rdoznicowej w oparciu o petny obraz kliniczny. Na przyktad uniesienie odcinka ST
w zapaleniu osierdzia czesto ma szeroki charakter i wystepuje w wielu odprowadzeniach,
co rézni sie od wzorca wystepujacego w STEMI. Podobnie, schorzenia takie jak hipotermia,
w ktorej wystepujg charakterystyczne fale Osborna oraz wydtuzenie odcinkéw PR i QRS,
moga by¢ mylnie diagnozowane jako STEMI, jesli nie zostanie uwzgledniony kontekst
kliniczny [44,45].

Niektére nietypowe przypadki, takie jak zespdt Takotsubo, stanowig dodatkowe
wyzwanie diagnostyczne [46]. Zespot ten, czesto wywotywany stresem emocjonalnym lub
fizycznym, imituje STEMI w zapisie EKG, ale angiografia wieicowa ujawnia brak istotnych
zmian w tetnicach wiencowych [47]. W takich przypadkach konieczne jest
przeprowadzenie badan obrazowych, takich jak echokardiografia Ilub rezonans
magnetyczny (MRI), aby potwierdzi¢ diagnoze [4]. W kontekscie diagnostyki réznicowej
nalezy takze zwrdci¢ uwage na zawaty typu MINOCA, ktére charakteryzujg sie brakiem
istotnych zwezen w tetnicach wieficowych przy jednoczesnych zmianach w biomarkerach
i zapisie EKG. Tego rodzaju przypadki wymagaja zastosowania bardziej zaawansowanych
metod obrazowania, takich jak tomografia komputerowa tetnic wiericowych (CCTA)
[4,48].

Badania obrazowe sg nieodzownym uzupetnieniem EKG w diagnostyce OZW,
szczegolnie w przypadkach watpliwych lub nietypowych. Angiografia wieicowa pozostaje

ztotym standardem pozwalajagcym na ocene okluzji i uszkodzenia tetnic wiencowych, co
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jest szczegdlnie istotne w planowaniu interwencji reperfuzyjnych, takich jak angioplastyka
[7]. Zastosowanie technik nieinwazyjnych, takich jak echokardiografia, umozliwia ocene
funkcji miesnia sercowego i identyfikacje niedokrwienia, co jest szczegdlnie przydatne
u pacjentéw z NSTEMI lub zespotem Takotsubo [49]. Dodatkowo rezonans magnetyczny
serca (MRI) dostarcza doktadnych informacji dotyczacych martwicy miesnia sercowego
oraz pomaga w réznicowaniu z innymi schorzeniami, jak zapalenie miesnia sercowego czy
MINOCA [50,51].

Kombinacja EKG z wynikami badan obrazowych oraz biomarkeréw sercowych
stanowi kluczowy element w zapewnieniu precyzyjnej diagnostyki oraz okresleniu
odpowiedniej strategii terapeutycznej. Wczesna diagnostyka, umozliwiona dzieki
badaniom obrazowym, znaczaco wptywa na rokowanie pacjentow. W przypadku STEMI
szybkie  zastosowanie interwencji  reperfuzyjnych  zmniejsza  smiertelnos¢
wewnatrzszpitalng z 9% do 4%, co podkresla kluczowe znaczenie szybkiego i precyzyjnego
dziatania diagnostyczno-terapeutycznego [7]. U pacjentdw z NSTEMI zaawansowane
obrazowanie pozwala na precyzyjne okreslenie stopnia ryzyka i optymalne zaplanowanie
leczenia. Techniki takie jak echokardiografia mogg rowniez wspiera¢ diagnostyke
w warunkach ograniczonej dostepnosci do angiografii.

Troponiny, szczegdlnie w ich wysokoczutych testach (hs-cTn), stanowig kluczowy
element wspotczesnej diagnostyki OZW. Wprowadzenie tych testéw zrewolucjonizowato
mozliwosci diagnostyczne, pozwalajac na bardziej precyzyjne identyfikowanie nawet
niewielkich uszkodzen miesnia sercowego. Wysokoczute testy troponin umozliwity
znaczace skrocenie czasu diagnostyki, co jest szczegdlnie wazne w kontekscie szybkiego
wykluczania OZW u pacjentdéw z niskim ryzykiem. Historia diagnostyki biomarkerowe;j
odzwierciedla jednak dtugg droge rozwoju technologii. Poczagtkowo stosowano mniej
swoiste wskazniki, takie jak AST czy CK-MB, ktore oferowaty ograniczong precyzje w
poréwnaniu do obecnych standardow [50,52]. Dopiero rozwdj testow
immunoenzymatycznych umozliwit wprowadzenie troponin jako ztotego standardu
w ocenie martwicy miesnia sercowego [53].

Pomimo ogromnych postepow, zaréwno EKG, jak i badania obrazowe majg pewne
ograniczenia. Kosztownos¢ i ograniczona dostepnos¢ technik obrazowych, takich jak
angiografia wiencowa lub MRI, moga stanowié¢ bariere, szczegdlnie w placéwkach

o0 ograniczonych zasobach [54,55]. W przypadkach takich jak MINOCA czy zespot
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Takotsubo, gdzie zmiany w tetnicach wiencowych s3 minimalne lub nieobecne,
interpretacja wynikéw diagnostycznych wymaga wieloaspektowego podejscia opartego
na kompleksowej ocenie klinicznej. Dalszy rozwdj metod diagnostycznych, takich jak
integracja zaawansowanych technik obrazowania z analizag biomarkeréw o wysokiej

czutosci, moze przyczynié sie do poprawy wynikéw leczenia.

1.4.2. Rola biomarkerow sercowych

Biomarkery sercowe odgrywajg kluczowa role w diagnostyce ostrych zespotéw
wiencowych (OZW), a troponiny sercowe, zwtaszcza te o wysokiej czutosci (hs-cTn), staty
sie ztotym standardem w tej dziedzinie (Rycina 2). Wprowadzenie hs-cTn umozliwito
wykrycie nawet niewielkich uszkodzen miesnia sercowego, co znaczgco wptyneto na
przyspieszenie procesu diagnostycznego oraz na doktadniejsze réznicowanie miedzy
STEMI i NSTEMI [56,57]. Te biomarkery cechujg sie wyjgtkowg swoistoscig i czutoscig, co
pozwala na ich skuteczne wykorzystanie w odrdznianiu niedokrwienia miesnia sercowego
od innych patologii powodujgcych wzrost poziomu troponin, takich jak niewydolnosé
serca czy choroba nerek [58]. W szczegdlnosci mozliwos¢ pomiaru minimalnych ilosci
troponiny daje szanse na wczesng diagnoze OZW oraz znacznie skraca czas do podjecia

interwencji terapeutycznych, co przektada sie na poprawe rokowania pacjentéw [59].

Uszkodzenie migsnia
sercowego:

Stan zapalny

CRP, IL-6, MPO, Gal-3,
Endocan, F2 izoprostany,
miRNAs, sLOX-1

cTn, hs-cTn, CK-MB, hFABP

Rozcigganie ...

kardiomiocytow: Krzepnigcie i fibrynoliza

»l BNP, sST2, GDF-15 D-dimer, Fibrynogen

Widknienie i remodeling = ou:\oklg:'r::jnaalna Stres oksydacyjny
Gal-3, GDF-15, sST2, ) BNP, NT-pro-BNP, F2 izoprostany, miRNAs, )
miRNAs Kopeptyna MPO

Rycina 2. Biomarkery majgce zastosowanie w ocenie diagnostycznej i prognostycznej OZW. Zrédto: Opracowanie
wtasne.

Mimo licznych zalet, interpretacja wynikdéw hs-cTn wymaga uwzglednienia

dynamiki zmian stezed w okreslonych odstepach czasu, poniewaz pozwala to na
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réznicowanie zawatu serca od przewlektych stanéw obcigzajgcych miesien sercowy.
Ewolucja biomarkeréw diagnostycznych od enzymatycznych markerdéw, takich jak AST
i LDH, do CK-MB, a ostatecznie do troponin o wysokiej czutosci, odzwierciedla ogromny
postep technologiczny, ktory znaczgco poprawit doktadnosc diagnostyki OZW [12].

Biomarkery zapalne, w tym biatko C-reaktywne (CRP) i interleukina-6 (IL-6), petnig
istotng role nie tylko w diagnostyce, ale takze w prognozowaniu ryzyka u pacjentow
z OZW. Podwyiszony poziom CRP jest markerem aktywnosci zapalnej, ktéra odgrywa
kluczowa role w destabilizacji blaszek miazdzycowych, prowadzac do zdarzen wiencowych
[60]. Wysoki poziom CRP, zwtaszcza powyzej 3 mg/L, wigze sie z istotnie wiekszym
ryzykiem wystgpienia kolejnych zdarzen sercowo-naczyniowych, co czyni ten biomarker
szczegblnie uzytecznym w populacjach wysokiego ryzyka [61]. Z kolei IL-6, dzieki
odzwierciedleniu nasilenia proceséw zapalnych, ma potencjat jako biomarker
prognostyczny, szczegdlnie w przypadkach NSTEMI, gdzie diagnoza opiera sie na ztozonej
ocenie roznych wskaznikdéw klinicznych i laboratoryjnych [62]. Biomarkery zapalne
okazujg sie rowniez pomocne w diagnostyce réznicowej mniej typowych przypadkdw,
takich jak MINOCA czy zespdt Takotsubo, w ktérych obecnos¢ procesdw zapalnych moze
wskazywac na wspotistniejgce mechanizmy patofizjologiczne [63].

Peptydy natriuretyczne, w tym BNP i NT-proBNP, sg szeroko stosowane w ocenie
pacjentdw z ostrymi zespotami wiencowymi, szczegdlnie w kontekscie wspotistniejgcej
niewydolnosci serca. Ich podwyzszone stezenia swiadczg o przecigzeniu objetosciowym
i ciSnieniowym serca, co pozwala na lepszg stratyfikacje ryzyka i podejmowanie bardziej
precyzyjnych decyzji terapeutycznych [64,65]. BNP i NT-proBNP, mimo ze sg uzyteczne
w ocenie obcigzenia hemodynamicznego, majg réwniez znaczenie prognostyczne,
szczegolnie w przypadkach NSTEMI, gdzie objawy kliniczne moga by¢é mniej wyrazne [66].
Wartos$¢ diagnostyczna i prognostyczna tych biomarkerdw znaczgco wzrasta, gdy sg one
zestawiane z troponinami o wysokiej czutosci, co pozwala na bardziej kompleksowg ocene
stanu pacjenta [67,68]. Wprowadzenie peptyddw natriuretycznych do rutynowej praktyki
klinicznej nie tylko poprawito doktadnos¢ diagnostyczng, ale réwniez otworzyto nowe
perspektywy w analizie proceséw patologicznych zwigzanych z OZW [69].

MikroRNA, takie jak miR-1, miR-133 i miR-208a, sg obiecujgcymi biomarkerami
w diagnostyce i prognozowaniu OZW, ze wzgledu na ich kluczowg role w regulacji

ekspresji gendw zwigzanych z funkcjg serca i patologia kardiologiczng. Badania wykazaty,
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ze poziomy miR-208a korelujg z rozmiarem uszkodzenia miesnia sercowego, co czyni
je potencjalnie precyzyjnym narzedziem diagnostycznym [70]. Mikromolekularne RNA
wykazujg unikalne wzorce ekspresji w odpowiedzi na uszkodzenia miesnia sercowego, co
pozwala na ich wykorzystanie jako biomarkeréw stuzgcych do bardziej spersonalizowanej
diagnostyki [71,72]. Integracja miRNA z zaawansowanymi technikami badawczymi, takimi
jak metabolomika i lipidomika, pozwala na jeszcze doktadniejszg ocene stanu pacjentow
i zmniejszenie ryzyka btednych diagnoz [73]. Wprowadzenie tych biomarkeréw do
praktyki klinicznej wymaga jednak dalszych badan nad ich standaryzacja i uzytecznoscia
w codziennej diagnostyce. Wprowadzanie do uzytku oraz prace nad nowymi
biomarkerami w OZW mogq znaczaco poprawic¢ zaréwno diagnostyke jak i prognostyke

pacjentéw dlatego dalsze prace nad nimi sg tak istotne.
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2.

CEL PRACY

Cel gtéwny:

Ocena wartosci diagnostycznej i prognostycznej wybranych biomarkeréow w ostrych

zespotach wiericowych (OZW) oraz ich potencjalnego zastosowania w stratyfikacji ryzyka

pacjentdw, optymalizacji strategii leczenia i przewidywaniu powiktan sercowo-

naczyniowych.

Cele szczegétowe:

Ocena skutecznosci stosunku neutrofili do limfocytéw (NLR) oraz ptytek do
limfocytow (PLR) oraz parametréw opartych na ptytkach krwi w réznicowaniu
pacjentow z OZW i grup kontrolnych.

Okreslenie zdolnosci stosunku monocytéw do cholesterolu HDL (MHR)
do odzwierciedlenia stanu zapalnego i jego wptywu na przebieg OZW.

Ocena wartosci Cystatyny C, galektyny-3 i suPAR jako potencjalnych markerow OZW,
uszkodzenia mies$nia sercowego i progresji choroby.

Okreslenie wptywu wysokich wartosci NLR, PLR i MHR na ryzyko powiktan sercowo-
naczyniowych (MACE), $miertelnos¢ szpitalng i dtugoterminowa.

Identyfikacja roli cystatyny C i galektyny-3 w przewidywaniu niewydolnosci serca po
epizodzie OZW.

Ocena przydatnosci suPAR i endokanu w ocenie ryzyka niestabilnosci blaszki
miazdzycowej i predykcji zawatu miesnia sercowego.

Ocena wartosci diagnostycznej i prognostycznej endokanu w ostrych zespotach
wiencowych poprzez analize jego poziomdw u pacjentdw z réoznymi postaciami ACS
(STEMI, NSTEMI, niestabilna dtawica piersiowa) oraz ich korelacje z ryzykiem

powiktan sercowo-naczyniowych, w tym MACE i Smiertelnoscia.
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ABSTRACT

Background: Cardiovascular disease is a leading cause of mortality worldwide and is likely to rise.
Acute coronary syndrome (ACS) is consequent on inflammation. As a common and cost-effective
inflammatory biomarker, the neutrophil-to-lymphocyte ratio (NLR) may be beneficial in cardiovas-
cular medicine.

Aims: This meta-analysis examines the diagnostic and prognostic performance of the NLR in ACS.

Methods: We systematically searched PubMed Central, Medline, Scopus, EMBASE, Cochrane Central
Register of Controlled Trials, and Clinicaltrial.gov databases. The search spanned from databases
inception to January 10, 2024. The findings were aggregated into normalized mean differences
with 95% confidence intervals.

Results: Ninety articles, with 45 990 participants, were included. Pooled analysis of the NLR varied
and was higher in ST-segment elevation myocardial infarction (STEMI) vs. non-ST-segment elevation
myocardial infarction patients (4.94 + 3.24 vs. 3.24 + 2.74), acute myocardial infarction vs. unstable
angina (4.47 + 3.43 vs. 2.97 + 1.58), ACS vs. stable angina (SA) (5.45 + 4.28 vs. 2.46 + 2.15), and ACS
vs.controls (5.31 +£4.01 vs. 2.46 + 2.45). The NLR also was associated with ACS mortality, with survivors
having lower results (3.67 + 2.72 vs. 5.56 + 3.93). Subanalysis showed that differences in the NLR were
observed in STEMI survivors (4.28 + 3.24 vs. 6.79 + 3.98). Of ACS patients with major cardiovascular
events (MACE) vs. without MACE, the NLR was 6.29 + 4.89 vs. 3.82 £ 4.12. In STEMI patients, the NLR
differed between those with and without MACE (6.99 + 5.27 vs. 4.99 + 4.12).

Conclusions: The NLR is an effective tool for differentiating between different types of ACS. A high
NLR is associated with ACS and increased MACE at 30 days. The NLR also appears to be a good
predictor of MACE risk, at least in STEMI patients.

Key words: acute coronary syndrome, biomarkers, diagnostic techniques, neutrophil-to-
lymphocyte ratio, prognosis
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Michat Pruc et al, Diagnostic and prognostic performance of the NLR ratio in ACS

WHAT'S NEW?

Research published so farindicates that the neutrophil-to-lymphocyte ratio (NLR) may be an effective and cost-effective predictor
of outcomes in conditions where inflammation has a crucial role. This meta-analysis aimed to determine the diagnostic and
prognostic performance of the NLR in acute coronary syndromes (ACS). Our study showed that the NLR is an effective tool for
differentiating between different types of ACS. The NLR is higher in acute myocardial infarction (AMI) vs. unstable angina (UA),
ACS vs. stable angina (SA), ACS vs. controls, and between ACS survivors vs. ACS deceased. A high NLR is associated with ACS and
increased major cardiovascular events (MACE) at 30 days. The NLR also appears to be a good predictor of MACE risk. Considering
the above results, as well as the wide availability and cost-effectiveness of the NLR index, our meta-analysis has suggested the
potential positive predictive and diagnostic properties of the NLR in ACS patients.

INTRODUCTION

The neutrophil-to-lymphocyte ratio (NLR) is a cost-effective
potential inflammatory marker used to assess the prognosis
in many diseases, such as COVID-19 [1], diabetes [2], head
and neck cancer [3], multiple organ dysfunction syndrome
[4], etc. The NLR is also recommended as a potentially
useful indicator for assessing the response to neoadjuvant
chemotherapy in triple-negative breast cancer [5]. The
biomarker may also have applications in cardiovascular
disease diagnosis and prediction. In a recently published
retrospective observational study, Ha et al. showed that an
NLR >3.4 is associated with worse one-year survival after
percutaneous coronary intervention (91.4% vs. 95.4%, log-
rank P <0.004) [6]. It is also recommended to use the NLR,
rather than other hematological parameters, such as white
blood cell count, for 30-day mortality risk stratification in
elderly patients after acute coronary syndrome (ACS) [7].
Finally, in patients with heart failure, an increased NLR
was associated with increased all-cause mortality during
a median follow-up of 66 months [8].

Many mechanisms related to the functioning of the
immune system have been well described in the develop-
ment of atherosclerosis and atherothrombosis [9, 10]. Mac-
rophages and T lymphocytes are involved in the process
of formation and development of atherosclerotic plaque.
Additionally, pro-inflammatory cytokines, e.g., interleukins
(especially IL-1, IL-6, IL-12, and IL-18), accelerate the devel-
opment of atherosclerotic lesions. Other pro-inflammatory
proteins, including tumor necrosis factor-a (TNF-alpha)
or macrophage colony-stimulating factor (M-CSF), have
similar properties [11]. In patients with diagnosed heart
failure (both with preserved and reduced ejection frac-
tion), increased concentrations of inflammatory cytokines
are observed. Elevated cytokine levels also correlate with
increased risk of decompensation and negative outcomes
[12,13].

Anti-cytokine drugs may be a promising strategy in the
development of cardiovascular pharmacotherapy, especial-
ly when included as part of a personalized approach [14,
15].The introduction of these types of drugs is an additional
argument in support of the pro-inflammatory etiology of
cardiovascular diseases and to reduce inflammation-related
residual CVD risk. Unfortunately, conducting a clinical trial
with unambiguous results in this population has been

achallenge. Clinical trials to date, in most cases, have been
terminated prematurely due to lack of direct benefit to
participants or lack of impact on endpoints such as major
adverse cardiovascular events (MACE) [16].

Overall, given the potential usefulness of the NLR in
assessing prognosis in patients after ACS, this meta-anal-
ysis aims to determine NLR utility as a prognostic and
diagnostic biomarker.

MATERIAL AND METHODS

The present study employed a systematic review and me-
ta-analysis approach, adhering to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) protocol (Supplementary
material, Table ST) [17]. There was no patient or public
involvement in this study. A full study protocol is available
for this review and can be accessed on PROSPERO, an in-
ternational register of systematic reviews (Record number:
CRD42023468529). The data underlying this article will be
shared upon reasonable request.

Data sources and searches

Two authors (MP and MT) independently conducted a com-
prehensive systematic review of the literature, encompass-
ing all publications cited on the PubMed, Medline, Scopus,
Embase, the Cochrane Central Register of Controlled Trials,
and Clinicaltrial.gov databases, from databases inception
to January 10, 2024. The search phrase employed for
this purpose was as follows: “neutrophil-to-lymphocyte
ratio” OR “neutrophil-to-lymphocyte ratio” OR “neutro-
phil/lymphocyte ratio” OR “neutrophil-lymphocyte ratio”
OR “neutrophil-lymphocyte ratio” OR “Neutrophils to
lymphocytes ratio” OR “Neutrophils-to-lymphocytes ratio”
OR “neutrophils lymphocytes ratio” OR “neutrophils/lym-
phocytes ratio” OR “NLR” AND “acute coronary syndrome”
OR“ACS" or “ST Segment Elevation Myocardial Infarction’
OR“ST Elevated Myocardial Infarction” OR“ST-elevation MI”
OR“STEMI”OR“non-ST elevation myocardial infraction”OR
“NSTEMI” OR “myocardial Infarction” OR “unstable angina”.
Moreover, we searched the bibliographies of the target
studies for additional references. If multiple publications
from partially or completely overlapping cohorts were
found, only the most recent publication with the larger
sample size was included.
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Inclusion and exclusion criteria

The inclusion criteria were randomized and non-rand-
omized trials, as well as studies that reported NLR values
in adult participants (aged =18 years) with different ACS
forms. Reviews, meta-analyses, editorials, conference
papers, case series with <10 participants, studies of pedi-
atric populations, and non-English language studies were
excluded.

Data extraction and quality assessment
Data was extracted by three independent reviewers (MP,
MT, and LS) into a structured pro forma in an Excel sheet.
Any discrepancies were resolved by consensus following
adiscussion with all the reviewers. Data on study character-
istics (author, country, region, study design, sample sizes),
patient demographics (baseline characteristics, major
cardiovascular event [MACE] [Supplementary material,
Table S2]),and NLR values were extracted. We extracted the
mean and standard deviation or median and interquartile
range for continuous variables and the number of patients
belonging to each category for dichotomous variables.
Observational studies were appraised using the
modified Newcastle-Ottawa Scale [18]. In each study, the
domains that were assessed included the representation of
patients by the subjects, selection of comparative groups,
ascertainment of exposure and outcomes, and duration
and comprehensiveness of follow-up, if applicable. The
quality assessment of articles ranged from low (0-4),
moderate (5-6), to high scores (7-9), representing three
different levels of study quality.

Statistical analysis

The statistical analysis was performed in accordance with
the recommendations of the Cochrane Collaboration and
the standards for reporting the quality of meta-analyses
[19]. Statistical analyses were performed using Review
Manager software (version 5.4, Nordic Cochrane Centre,
Cochrane Collaboration, Denmark) and Stata (version
14, StataCorp, College Station, TX, US). Outcomes were
reported as the pooled odds ratio (OR), standard mean
difference (SMD), and the corresponding 95% confidence
intervals (95% Cl). When the continuous outcome was
reported as median, range, and interquartile range, we
estimated means and standard deviations using the for-
mula described by Hozo et al. [20]. Random-effects models
were used for all analyses. Heterogeneity between studies
was assessed quantitatively using the 12 statistic. 12 values
of <50%, between 50% and 75%, and >75% were taken
to represent low, moderate, and high degrees of hetero-
geneity, respectively. All tests were 2-sided and P-values
<0.05 were considered statistically significant. We used
Egger’s test and funnel plots to check for potential bias
and performed funnel plot tests for asymmetry to assess
potential publication bias if there were more than ten trials
in a single meta-analysis. Finally, in sensitivity analyses,
leave-one-out analysis was performed.

RESULTS

Characteristics and quality assessments

of included studies

The flow diagram of the study selection process is shown
in Figure 1. In the primary search, a total of 1148 refer-
ences were initially included. Of these, 443 articles were
eliminated due to duplication, while additional 502 arti-
cles were omitted based on an assessment of their titles
and abstracts. Following a comprehensive examination
of 203 research studies, 113 were excluded due to their
publication category (44 case reports/series, 18 abstracts,
17 letters/editorials, and 34 review articles). Finally, 90 ar-
ticles were included in this meta-analysis [S1-S90].

Essential characteristics of the included studies are
outlined in Supplementary material, Table S3. Overall, the
86 studies included in this meta-analysis provided a com-
bined cohort of 45 990 patients. The sample size of studies
varied from 59 to 6560 patients.

Of all analyzed studies, 90 were cohort studies, 34 were
prospective studies, 42 were retrospective studies, and
14 were cross-sectional studies. The worldwide distribution
of studies is presented in Figure 2. All studies had high
quality based on Newcastle Ottawa Scale (Supplementary
material, Table S3).

Meta-analysis

Pooled analysis of the NLR varied and was higher in ST-seg-
ment elevation myocardial infarction (STEMI) vs. non-
ST elevation myocardial infarction (NSTEMI) patients;
494 + 324 vs.3.24+2.74 (SMD =0.61; 95% Cl, 0.39-0.83;
P <0.001; Figure 3). It also showed a difference between
acute myocardial infarction (AMI) vs. unstable angina (UA)
(4.47 £3.43v5.2.97 +1.58;SMD =1.19;95% Cl,0.80-1.59; Fig-
ure 4), ACS vs. stable angina (SA) (5.45 +4.28 vs.2.46 £ 2.15;
SMD =1.67;95% Cl, 1.29-2.04; P <0.001; Figure 5),and ACS
vs. controls (SMD =5.31 £ 4.01 vs. 2.46 + 2.45; SMD = 0.93;
95% Cl, 0.70-1.16; P <0.001; Figure 6).

The NLR also was associated with mortality in ACS,
with survivors having lower results; 3.67 £ 2.72 vs.
5.56 +3.93 (SMD =-2.55;95% Cl,-3.90to -1.19; P <0.001).
Subanalysis showed that differences in the NLR were
observed in STEMI survivors (4.28 + 3.24 vs. 6.79 + 3.98;
SMD =-1.94; 95% Cl, -2.82 to -1.07; P <0.001) but not ob-
served in those with NSTEMI (SMD =-0.63; 95% Cl,-2.54 to
1.28; P=0.52; Figure 7). No bias was found in the results of
the studies in funnel plots of mortality risk.

Twenty-three studies also reported the relationship
between NLR levels and MACE occurrence. Of ACS patients
with MACE, the NLR was 6.29 + 4.89, compared to only
3.82 + 4.12 for those without MACE (SMD = 2.80; 95% Cl,
1.28 to 4.32; P <0.001). In the subgroup of patients with
STEMI, the NLR was different between patients with and
without MACE; 6.99 + 5.27 vs. 4.99 £ 4.12, respectively
(SMD = 1.85; 95% Cl, 0.90 to 2.80; P <0.001). In NSTEMI
patients, the NLR ratio for those with and without MACE
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Form of identified records:
Databases (n = 1148)

Identification

Primary screening of title
and abstract (n = 705)

Reports sought
for retrieval (n = 203)

()]
=
=
(]
()
=
1%
(%]

Full-text articles screening
for eligibility (n = 203)

Studies included
in review (n = 90)

Included

Records removed before screening:
« Duplicate records removed (n = 443)

Records excluded
(n=502)

Reports not retrieved
(n=0)

Reports excluded (n = 113):

« Relevant data could not be
obtained/abstracts (n = 18)

« Reviews or conference papers
(n=34)

- Letters or editorials (n=17)

« Case reports/series (n = 44)

Figure 1. Flow diagram of study selection

Figure 2. Worldwide distribution of studies included in the meta-analysis

50

www.journals.viamedica.pl/polish_heart_journal




POLISH HEA

RT JOURNAL

STEMI NSTEMI Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean 50 Total Weight IV, Random, 95% Ci IV, Random, 95% Cl
Al-Sayed 2022 3.3 0.75 58 2.78 0.58 49 3.5% 0.76 [0.37, 1.16] —
Algin 2021 3.44 0.94 30 2.24 0.28 79 3.3% 2.19[1.67, 2.70] —
Babes 2021 5.47 5.09 381 3.85 535 114 3.8% 0.31 [0.10, 0.52] e
Bekler 2014 4.99 2.11 122 4.87 2.03 238 3.8% 0.06 [-0.16, 0.28] T
Damar 2022 5.33 5.26 75 5.56 5.65 63 3.6% =0.04 [-0.38, 0.29] =
Erdodan 2021 4.98 0.98 94 3 04 97 3.5% 2.65 [2.26, 3.04] .
Ertiirk 2017 6.13 434 104 3.3 236 101 3.7% 0.80 [0.52, 1.09] —_—
Guo 2018 8.98 529 3% 6.99 451 261 3.9% 0.40 [0.24, 0.56] =
Karadeniz 2023 3.13 0.48 403 263 038 700 3.9% 1.19[1.06, 1.32] -
Leylek 2020 4.03 2.89 4% 305 159 51 3.5% 0.42 [0.02, 0.82] e
Li 2019 3.81 1.22 B2 4.89 0.76 20 3.2% -0.95[-1.47, -0.42] TIE L
Mansiroglu 2020 7.93 638 103 5.19 48 221 3.8% 0.51 [0.27, 0.75] =
Marechal 2020 5. 12 27 375 0.75 25 3.1% l.22 [0.62, 1.82] oo
Mayyas 2014 659 1.73 41 2.83 027 41 3.0% 3.01 [2.37, 3.65] e
Quisi 2021 5.63 2.53 218 279 104 200 3.8% 1.44 [1.23, 1.66] ==
Selanno 2022 17.76 9.64 152 10.75 593 93 3.8% 0.83 [0.56, 1.10] =
Setlaningrum 2019 5.89 2.6 35 797 566 24 3.2% -0.50 [-1.03, 0.03] —
Sheng 2021 4.02 2.24 24 358 187 25 3.2% 0.21 [-0.35, 0.77] —r—
Siddig 2020 3 09 70 68 50 15 3.1%  -1.47 [-2.07, -0.87] =
Sonmez 2015 51 5.6 45 5 52 65 3.6% 0.02 [-0.36, 0.40] =r -
Sultana 2023 443 346 55 438 499 33 J3.4% 0.01 [-0.42, 0.44] —t
Zazula 2007 6.9 5.7 45 48 3.7 65 3.5% 0.45 [0.07, 0.84]
Zhan 2016 577 047 237 5.24 08 74 3.7% 0.93 [0.66, 1.21] —_
Zhang 2019 435 0.80 59 292 038 100  3.5% 2.30[1.89,2.71] ——
Zhang 2021 4.29 0.79 102 4.3 0.77 96 3.7% -0.01 [-0.29, 0.27] T
Zhang 2023 6.84 576 604 666 533 386 3.9% 0.03 [-0.10, 0.16] T
Zuin 2017 305 195 2341 2.43 121 4219 4.0% 0.41 [0.36, 0.45] =
Ozbay 2020 5.64 422 225 53 35 141 3.8% 0.09 [-0.12, 0.30] T
Total (95% Cl) 6157 7596 100.0% 0.61 [0.39, 0.83] &>
Heterogeneity: Tau® = 0.31; Chi* = 714.29, df = 27 (P < 0.00001); I* = 96% L + 5 3 .
Test for overall effect: Z = 5.47 (P < D.00001) STEMI NSTEMI

Figure 3. Forest plot of the neutrophil-to-lymphocyte ratio in STEMI and NSTEMI patients. The center of each square represents the stan-
dardized mean differences for individual trials, and the corresponding horizontal line represents a 95% confidence interval. The diamonds
represent pooled results

Abbreviations: Cl, confidence interval; NSTEMI, non-ST-segment elevation myocardial infarction; SD, standard deviation; STEMI, ST-segment
elevation myocardial infarction

AMI UA 5td. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Sayed 2022 3.06 0.72 107 0.93 0.08 23 5.2% 3.23 [2.63, 3.83] ———
Bekler 2014 401 2.06 360 424 197 142  5.8% 0.33 [0.13, 0.52] -
Ertirk 2017 4.74 378 205 261 1.59 114 5.8% 0.67 [0.43, 0.90] =
Guo 2018 8.19 5.09 657 338 18 216 5O 1.07 [0.90, 1.23] -
Li 2019 4.07 1.21 82 2.91 0.83 10 5.0% 0.98 [0.30, 1.65] e
Mansiroglu 2020 6.06 549 324 292 239 102 5.8% 0.64 [0.41, 0.86]
Maréchal 2020 4.39 1.18 52 2.3 0.35 19 5.1% 2.01 [1.38, 2.63] I
Sheng 2021 3.79 2.05 49 2.68 168 156 5.7% 0.62 [0.30, 0.95] =
Siddig 2020 3.67 2.93 BS 29 1.8 15 5.3% 0.27 [-0.28, 0.82] T
Sultana 2023 4.41 4.07 BE 4 4.82 12 5.2% 0.10 [-0.51, 0.70] =
Tahto 2017 421 1.0E 50 242 034 50 5.4% 222 (1.72,2.72] ——
Tenekecioglu 2015 395 191 101 3.25 1.32 83 5.7% 0.42 [0.12,0.71] =3
Zazula 2007 566 471 110 36 2.9 33 5.6% D.47 [0.08, 0.86] —
Zhan 2016 564 0.61 311 2.97 0.43 65 5.5% 4.57 [4.15, 4.99] T
Zhang 2019 3.45 093 159 2.92 0.29 150 5.8% 0.76 [0.53, 0.99] E-]
Zhang 2021 4,29 0.78 198 3.1 0.46 98 5.7% 1.72 [1.44, 2.00] e
GOzbay 2020 56 3.6 148 2.6 1.3 399 5.8% 1.38 [1.17, 1.58] ™
Oztirk 2013 3.57 0.99 40 331 091 44 5.5% 0.27 [-0.16, 0.70] I i
Total (95% CI) 3126 1731 100.0% 1.19 [0.80, 1.59] L3
Heterogeneity: Tau? = 0.68; Chi® = 517.78, df = 17 (P < 0.00001); F = 97% _'.4 + 3 1 p
Test for averall effect: Z = 5.97 (P < 0.00001) AMI UA

Figure 4. Forest plot of the neutrophil-to-lymphocyte ratio in acute myocardial infarction (AMI) vs. unstable angina (UA) patients. The center

of each square represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95%
confidence interval. The diamonds represent pooled results

ACS SA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean 5D Total Weight IV, Random, 95% CI Iv, Random, 95% Ci
Del Turco 2022 53 43 361 2.6 2.6 1545 13.8% 0.90 [0.78, 1.02] o
Guo 2018 6.99 496 B73 2.12 0B8 126 13.0% 1.05 [0.85, 1.24] -
Ling 2021 2.5 027 201 2.13 0.15 145 12.3% 1.62 [1.38, 1.87] -
Maréchal 2020 384 139 71 24 035 37 9.4% 1.25 [0.81, 1.68] _
Mustafic 2020 5.09 3.67 59 228 1.04 23 8.4% 0.88 [0.38, 1.38] A
Nilsson 2014 2 0.25 20 2 D25 Bl 7.6% 0.00 [-0.57, 0.57] o
Tamindi 2014 26 1.1 58 2.2 1.2 93 11.0% 0.34 [0.01, 0.67] Tl
Yu 2016 493 3.15 349 227 102 342 133% 1.13 [0.97, 1.29] -
Zhang 2014 3.64 1.94 78 234 1.19 92 11.2% 0.82 [0.51, 1.14]
Total (95% CI} 2068 2433 100.0% 0.93 [0.70, 1.16] L ]
Heterogeneity: Tau® = 0.0%; Chi¥ = 60.00, df = 8 (P < 0.00001); I* = B7% g = 3 3 p
Test for overall effect: Z = 8.01 (P < 0.00001} ACS SA

Figure 5. Forest plot of the neutrophil-to-lymphocyte ratio in acute myocardial infarction (ACS) vs. stable angina (SA) patients. The center
of each square represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95%
confidence interval. The diamonds represent pooled results
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ACS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bandara 2018 7 5.8 350 5.55 432 250 4.5% 0.27 [0.11, 0.44] =
Canga 2013 2.39 0.91 52 163 0.22 30 4.3% 1.02 [0.54, 1.50] 53
Cano 2023 5.85 0.97 284 198 023 91 4.3% 4.53 [4.13, 4.93] =5
Chawla 2019 73 58 B4 21 07 32 4.3% 1.04 [0.61, 1.47] e
Damar 2022 544 543 138 217 11 62 4.4% 0.71[0.41, 1.02] =
Del Turco 2022 53 43 361 26 34 806 4.5% 0.73 [0.60, 0.86] .
Ertirk 2017 4 33 319 2.1 14 283 4.5% 0.73 [0.57, 0.90] -
Gunes 2019 26 1.9 120 19 13 410 4,5% 0.48 [0.27, 0.69] =
Haque 2022 388 224 138 163 033 134 4.5% 1.39[1.13, 1.66] -
Li 2019 3.94 1.23 92 1.77 0.15 96 4.4% 2.49 [2.11, 2.88] s
Nilsson 2014 2 025 20 153 018 37 4.0% 2.24 [1.55, 2,93] T
Rao 2019 B.6&7 2.06 458 2.09 045 48 3.9% 4.38[3.63,5.13]) o
Setianingrum 2019 6.74 4.21 59 164 0.55 38 4.3% 1.53 [1.07, 1.99] =
Shumilah 2021 6.5 3 100 1.9 09 100 4.4% 2.07 [1.72,2.41] -
Sivri 2018 6.99 3,33 210 285 0.83 185 4.5% 1.74 [1.50, 1.97] e
Sonmez 2015 5.04 534 110 2.2 1 45 4.4% 0.62 [0.27, 0.98] =
Topf 2022 4.02 0.88 63 2.14 0.26 68 4.2% 2.93 [2.43, 3.43] o
Tsal 2017 36 3.7 131 22 12 114 4.5% 0.49 [0.24, 0.75] =
Turkmen 2013 71 46 145 23 17 101 4.5% 1.29[1.02, 1.57] g
Yu 2016 4683 315 349 214 187 251 4.5% 1.02 [0.85, 1.20] =
Zazula 2007 5.18 444 143 i 16 38 4.4% 0.54 [0.18, 0.90] kg
Caltekin 2020 561 0.75 86 209 02 82  3.9% 6.32 [5.57, 7.07] —_
Oztiirk 2013 3.43 0.95 B4 261 064 40 4. 4% 0.94 [0.55, 1.34] =
Total (95% CI) 3486 3341 100.0% 1.67 [1.29, 2.04] ¢
Heterogeneity: Tau® = 0.79; Chi® = 946.32, df = 22 (P < 0.00001); ¥ = 98% I—IU _-‘5 é IDI
Test for overall effect: = 8.75 (P < 0.00001) ACS Control

Figure 6. Forest plot of the neutrophil-to-lymphocyte ratio in acute coronary syndrome (ACS) vs. control patients. The center of each square
represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95% confidence inter-
val. The diamonds represent pooled results

Survivors Non-survivors Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.5.1 ACS
Babes 2021 3.52 4.08 B49 645 679 87  1L1% -0.67 [-0.89, -0.44] ../
Bajari 2017 4,1 3.39 353 7.92 3.46 47  11.1% -1,12 [-1.44, -0.81] =
Chen 2023 3.63 049 1418 871 166 132 11.1% -7.54 [-7.86, -7.22] -
Guo 2018 8.38 691 317 13.78 591 39 11.1% -0.79[-1.13,-0.45] -
Kahraman 2022 3.59 062 475 5.25 178 50 11.1% -2.06([-2.38, -1.74] -
Monteiro Junior 2018 36 049 411 9395 231 55 11.0% -6.33[-6.83, -5.84) 3
Pieszko 2019 2.7 0.3 4287 3883 058 766 11.2% -3.31[-341,-321] .
Sharma 201% 3.87 205 863 514 228 96 11.1% -0.61[-0.82,-0.40] -
Yan 2020 383 286 370 6.21 672 153 11.1% -0.55 [-0.74, -0.35] i
Subtotal (95% CI) 9343 1425 1000% =255 [-3.90, -1.19] e
Hateroganeity: Tau® = 4.29; Chi* = 2567.58, df = 8 (P < 0.00001); I = 100%
Test for overall effect: Z = 3.68 (P = 0.0002)
1.5.2 5TEMI
Alchtar 2023 2.74 099 154 41 2.4 g 7.8% -1.29[-2.19, -0.39] —
Babes 2021 516 4.52 310 6.84 6.97 71 B.5% ~-0.33 [-0.59, -0.07] ™
GChaffari 2014 5.64 0.19 389 8.3% 1.79 15 B.1% -7.17 [-7.89, -6.46) -
Jadhav 2022 434 289 332 618 326 B8 B5% -0.62 [-0.89, -0.36] -
Lin 2021 7.07 5.24 157 10.44 4.85 24 B.4% -0.65 [-1.08, -0.21] bl
Oh 2020 3.23 0.65 982 568 098 75 B.5% -3.61[-3.89, -3.33] s
Paul 2021 15.31 7.86 92 12.84 83 10 B.2% 0.31 [-0.34, 0.96] b e
Sharma 2023 291 113 92 556 411 18  B8.3% -136[-1.90, -0.82] —
Sigirci 2020 2.68 0.52 1086 4.18 0.75 102 B.5% -2.76 [-2.99, -2.53] -
Siraj 2020 6.09 1.03 163 843 1.02 23 8.3% -2.27 [-2.76, -1.77] =
Tanriverdi 2017 5 43 338 89 61 30 B4X -0.87[-1.25 -0.49] -
Wang 2022 4.99 0.B7 264 793 138 132 B.5% -2.75 [-3.03, -2.47] o
Subtotal (95% CI) 4364 571 1000% -1.94 [-2.82, -1.07] <@
Heterogeneity: Tau® = 2.33; Chi* = 780.00, df = 11 (P < 0.00001); ' = 99%
Test for overall effect: Z = 4.35 (P < 0.0001)
1.5.3 NSTEMI
Babes 2021 366 522 101 529 632 13 330%  -0.30[-0.88, 0.25] -
Guclu 2020 2.71 041 148 6 377 22 33.2% -2.36([-2.88, -1.85 -
Karaoglu 2021 4.44 4.2 &0 2.6 1.57 199 33.8% 0.75 [0.46, 1.05] L
Subtotal (95% CI) 309 234 1000% -0.63 [-2.54,1.28] i
Heterogeneity: Tau® = 2.79; Chi® = 106.37, df = 2 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.65 (F = 0.52)

-10 -5 0 5 10

Survivers Mon-survivors

Figure 7. Forest plot of the neutrophil-to-lymphocyte ratio in survivors vs. non-survivors in ACS, STEMI, and NSTEMI patients. The center of
each square represents the standardized mean differences for individual trials, and the corresponding horizontal line represents a 95% confi-
dence interval. The diamonds represent pooled results

Abbreviations: see Figure 3
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Complications No Complications std. Mean Difference std, Mean Difference
Study or Subgroup  Mean 5D Total Mean SO Total Weight IV, Rand 95% ClI IV, Rand a95% Cl
1.6.1 ACS
Adam 2018 3585 31 102 2.7 213 195 9.1% 0.34 [0.10, 0.58] =
Babes 2021 53 59 193 341 394 743 9.1% 0.43 [0.27, 0.59] =
Biccire 2023 663 132 71 3.6 083 398 9.1% 3.91 [3.55, 4.27] -
Chen 2020 £.11 1.92 20 6.39 269 B7 9.1% 0.67 [0.17, 1.16] -
Gu 2021 4,19 0.79 98 215 0.2% 552 9.1% 5.02 [4.67, 5.37] =
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Figure 8. Forest plot of the neutrophil-to-lymphocyte ratio for major cardiovascular events (MACE) and non-MACE in ACS, STEMI, and NSTEMI
patients. The center of each square represents the standardized mean differences for individual trials, and the corresponding horizontal line
represents a 95% confidence interval. The diamonds represent pooled results

Abbreviations: see Figure 3

was 4.86 + 2.69 vs. 2.39 £ 1.59, respectively (SMD = 2.88;
95% Cl, 2.88; 95% Cl, -0.56 to 6.33; P = 0.10; Figure 8). No
bias was found in the results of the studies on funnel plots
of MACE risk.

DISCUSSION

Our meta-analysis showed that the NLR was higher in
AMI vs. UA, ACS vs. SA, ACS vs. controls, and ACS survivors
vs. ACS deceased. The NLR was also higher for patients
suffering a MACE compared to those without a MACE-based
endpoint. Considering the above results as well as the wide
availability and cost-effectiveness of the NLR index, our
meta-analysis has suggested the potential good predictive
and diagnostic properties of the NLR in ACS patients. Fur-
thermore, our meta-analysis showed that the NLR may be
agood predictor of MACE risk, at least in STEMI patients.The
latter may be particularly useful in routine clinical settings.

Other meta-analyses conducted to date have provided
results similar to our findings. In a 2018 meta-analysis that
included 14 studies and 10 245 post-STEMI patients after
percutaneous coronary intervention, the authors found
NLR differences in numerous parameters (mortality, MACE,
stent thrombosis, long-term mortality, etc.). Furthermore,
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compared to other meta-analyses, as well as ours, the pop-
ulation included in the just-mentioned analysis was more
homogeneous [21]. Moreover, in a meta-analysis by Dong
etal, the authors reported that an increased NLR before ACS
treatment was associated with poor long-term prognosis
and higher in-hospital mortality compared to patients with
lower NLR values. Importantly, their work proposed an NLR
cut-off of 5.0 as a risk estimation after ACS [22]. Taking into
account the results of our meta-analysis and the previously
presented meta-analyses [23], a 5.0 risk stratification cut-off
point seems reasonable.

Other meta-analyses have indirectly suggested NLR
value in predicting cardiovascular risk, thus supporting its
use in cardiovascular medicine. For example, the NLR may
predict cardiovascular or all-cause mortality in patients
with chronic kidney disease as shown by a 2021 me-
ta-analysis in which a higher NLR rate was associated with
increased risk of cardiovascular mortality (HR 1.45; 95%
Cl, 1.18-1.79; P <0.001) [24]. The same conclusion was
reported in another meta-analysis [25]. The NLR may also
be a useful biomarker in differentiating patients requiring
in-depth diagnostics for coronary artery abnormalities
and in patients with Kawasaki disease [26]. In the context
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of acute pulmonary embolism, the NLR turned out to be
a good predictor of short-term (in-hospital and 30-day)
mortality and long-term mortality [27]. Additionally, when
assessing the predictive properties of the NLR, it should be
taken into account that recognized cardiovascular risk fac-
tors are also associated with an increased NLR value. Thus,
poor glycemic control, as indicated by elevated HbATc,
leads toincreased NLR values [28]. A similarly elevated NLR
is observed in patients with hypertension [29].

Compared to other biomarkers of the systematic in-
flammatory response, the NLR is easier to obtain; a basic
blood count is sufficient [30, 31]. Moreover, compared to
other leukocyte subtypes, itis a more stable biomarker [32].
Thus, the NLR is an effective and cost-effective alternative
to other biomarkers. As with most biomarkers, studies are
needed to demonstrate the true prognostic value of the
cut-off.

Considering the above, the predictive properties of
the NLR in the context of MACE risk seem to be the most
clinically useful. Identifying patients at the highest risk of
developing MACE within a predictable and well-defined
time frame remains a significant clinical challenge. Iden-
tification of patients at risk of MACE may lead to more
optimized care for this group of patients. However, our
meta-analysis showed some limitations in this context,
primarily the lack of statistical significance for patients
with NSTEMI (NLR for those with and without MACE was
4.86 + 2.69 vs. 2.39 + 1.59, respectively; SMD = 2.88; 95%
Cl, 2.88; 95% Cl, -0.56 to 6.33; P = 0.10). Therefore, the
clinical usefulness of the NLR would be limited to STEMI
patients, for whom statistical significance was obtained.
This difference seems justified on the basis of basic science.
Since in the course of STEMI, myocardial damage and
microvascular obstruction are usually more prominent
compared to NSTEMI, activation of the immune system is
more expected, leading to an increased NLR value [33, 34].
Further research, in particular, to confirm the usefulness
of the predictive properties of the NLR in the context of
MACE, is needed. Research should also define the time
interval in which NLR-based prediction is most accurate as
well as indicate for which outcomes (defined variously in
studies as components of the composite MACE endpoint)
the predictive properties of the NLR may be most useful.

Limitations of the study

Some limitations of the current meta-analysis should be
highlighted. As the summation of the totality of the data
was derived from retrospective analyses, prospective val-
idation would still be of value to determine the impact of
interventions applied to patients identified by the NLR as
high-risk. Finally, although others have evaluated a broader
spectrum of cardiovascular diseases, our analysis was lim-
ited to only adult patients with acute coronary syndromes;
therefore, our conclusions must be restricted to this cohort.
Ultimately, despite these limitations, the large sample size
analyzed in this study suggests that the NLR is an excellent

predictor of outcomes in selected patients with specific
cardiovascular pathology.

CONCLUSIONS

Overall, we evaluated 86 studies, involving 44 486 patients
and concluded that NLR is an effective tool for differentiat-
ing between different types of ACS. A high NLR is associated
with ACS and increased MACE at 30 days. The NLR also
appears to be a good predictor of MACE risk, at least in
STEMI patients. Further research should aim to confirm in
which patient population the NLR has the best predictive
properties, what time frame is acceptable, and for which
MACE the NLR shows predictive properties.
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Abstract: This study aimed to investigate the potential prognostic role of the platelet-to-lymphocyte
(PLR) ratio in patients presenting with suspected acute coronary syndromes (ACS). A systematic
search of PubMed Central, Scopus, EMBASE, and the Cochrane Library from conception through
20 August 2023 was conducted. We used odds ratios (OR) as the effect measure with 95% confidence
intervals (CIs) for dichotomous data and mean differences (MD) with a 95% CI for continuous
data. If I2 was less than 50% or the p value of the Q tests was less than 0.05, a random synthesis
analysis was conducted. Otherwise, a fixed pooled meta-analysis was performed. Nineteen studies
fulfilled the eligibility criteria and were included in the meta-analysis. PLR was higher in MACE-
positive (164.0 £ 68.6) than MACE-negative patients (115.3 £ 36.9; MD = 40.14; 95% CI: 22.76 to 57.52;
p <0.001). Pooled analysis showed that PLR was higher in AMI patients who died (183.3 + 30.3),
compared to survivors (126.2 + 16.8; MD = 39.07; 95% CI: 13.30 to 64.84; p = 0.003). It was also
higher in the ACS vs. control group (168.2 & 81.1 vs. 131.9 £ 37.7; MD = 39.01; 95% CI: 2.81 to
75.21; p = 0.03), STEMI vs. NSTEMI cohort (165.5 4= 92.7 vs. 159.5 & 87.8; MD = 5.98; 95% CI: —15.09
to 27.04; p = 0.58), and MI vs. UAP populations (162.4 £ 90.0 vs. 128.2 + 64.9; MD = 18.28; 95%
CI: —8.16 to 44.71; p = 0.18). Overall, our findings confirmed the potential prognostic role of the
plate-let-to-lymphocyte (PLR) ratio in patients presenting with suspected acute coronary syndromes
(ACS). Its use as a risk stratification tool should be examined prospectively to define its capability for
evaluation in cardiovascular patients.

Keywords: platelet-to-lymphocyte ratio; PLR; acute coronary syndrome; diagnostic; biomarker;
meta-analysis

1. Introduction

The search for new biomarkers that allow the prediction of disease progression is
one of the main areas of development in basic and translational science. One widely
discussed biomarker is the platelet-to-lymphocyte ratio (PLR), a simple blood test that
measures the relationship between platelets and lymphocytes in the bloodstream. As a
marker of inflammation and thus increased predominantly in diseases of pro-inflammatory
etiology, the predictive value of PLR shows promise in onco-hematology, immunology, and
cardiovascular diseases.

For instance, the utility of PLR as a prognostic biomarker has been evaluated in
the area of pulmonary pathology, where Kumar et al. found that an increased PLR was
associated with significantly higher 90-day mortality among patients diagnosed with acute
exacerbations of chronic obstructive pulmonary disease [1]. However, its prognostic value
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in pulmonary pathology was confounded by Pertiwi, who reported that in COVID-19
infection, other inflammatory markers, particularly a high CRP, may be more useful in
predicting the clinical course [2]. This seeming contradiction of deteriorating prognostic
ability of PLR in COVID-19 was addressed by Levy et al., who suggested that the PLR may
be more affected by older age and its associated frailty than by the severity of COVID-19 [3].

Consistent with the results of Kumar, a recently published meta-analysis of 32 studies
indicated that the PLR obtained at hospital admission correlated with increased mortality.
These authors did acknowledge that the studies they included exhibited a high risk of bias
and that the overall quality of the evidence was low, such that further investigation was
warranted. Finally, a challenging characteristic of newly evaluated biomarkers is the fact
that there is also no clear cut-off point for what determines a pathologic PLR, which may
explain some variation in reports of patients with a good prognosis and those at a high risk
of disease progression [4].

PLR is also being studied as a predictor in oncology. Zhang et al. revealed that a
high pre-treatment PLR was negatively related to the overall survival and progression-
free survival in patients diagnosed with limited-stage small-cell lung cancer [5]. Further,
the predictive value of PLR has been investigated in glioblastoma, where a relationship
between PLR and overall survival in treatment-naive patients was reported [6]. Finally,
other cancers in which the role and potential utility of PLR are being currently investigated
include head and neck squamous cell carcinoma [7], uroepithelial carcinoma [8], gastric
cancer [9], and ovarian cancer [10].

Since pro-inflammatory factors have a significant impact on the development of
atherosclerotic processes in coronary arteries, PLR is also an object of interest in cardiology.
However, despite its pathologic relationship and the fact that it has been widely evaluated, a
consensus on its appropriate clinical use is yet to be established. Supporting its application,
Pinho et al. found, based on a retrospective analysis, that a high PLR is associated with
a higher risk of cardiovascular events in patients with primary hypertension. Further, in
heart failure, a high PLR was correlated with the risk of re-hospitalization due to worsening
of heart failure, although it was not useful as a diagnostic test [11,12].

Taking into consideration the above, we performed a meta-analysis with the aim of
investigating the potential prognostic role of the PLR ratio in patients presenting with
suspected acute coronary syndromes (ACS). Compared to previously published papers,
new outcomes, e.g., coronary flow vs. no reflow risk, were added to the current meta-
analysis.

2. Materials and Methods
2.1. Search Strategy

We performed this systematic review and meta-analysis based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA; Table S1) [13]. The protocol
was registered with the PROSPERO database (registration number: CRD42023447572).

2.2. Literature Enrollment

A literature search was conducted for English-language articles up to 20 August 2023,
in the international databases of PubMed Central, Scopus, EMBASE, and the Cochrane
Library. The search strategy consisted of variations of the terms “platelet-to-lymphocyte
ratio” OR “platelet/lymphocyte ratio” OR “platelet to lymphocyte ratio” OR “platelet lym-
phocyte ratio” OR “PLR”, AND “acute coronary syndrome” OR “ACS” OR “STEMI” OR
“NSTEMI” OR “unstable angina” OR “UA” OR “myocardial infarction” OR “MI”, as both
medical subject headings and subject headings specific to each database and keywords or
free-text words that included a wide range of derivations to ensure an extensive search was
performed. A manual review of the Google Scholar search engine and references to relevant
articles was also performed to access any possibly missed studies. It is worth mentioning
that the protocol registered in the PROSPERO was not changed during the investigation.
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Year of publication limits were not applied to capture any potential studies that
may have been missed in the original review. Searches were limited to English language
and adult human subjects. The following inclusion PICOS criteria were applied for the
eligible studies: (1) patient, i.e., patients diagnosed with Acute Coronary Syndrome (STEMI,
NSTEMI, and unstable angina), (2) intervention, i.e., PLR determination, (3) control, i.e., not
applicable, (4) outcomes, i.e., no-flow vs. normal flow after PCI, MACE positive vs. MACE
negative, and (5) study, i.e., observational studies (including cross-sectional studies) and
non-randomized and randomized clinical trials (if applicable). Meanwhile, the exclusion
criteria were as follows: (1) studies in pediatric population/children (age < 18 years);
(2) case series, case reports, correspondence, letters to editors, editorials, or review articles;
(3) studies that are not available in full-text form or that have not been published; and
(4) studies with insufficient data to assess PLR levels.

First, the screening process began by comparing the suitability of the titles and/or
abstracts against our eligibility criteria. Any original publications that were cited in the
systematic reviews or meta-analyses but missed by the initial search would also be included
if they met our inclusion/exclusion criteria. All duplicate articles were removed. The
process was then followed by a comprehensive assessment of full-text articles. All of these
processes were carried out independently by two reviewers (M.P. and M.T.). If disagreement
was found during the screening process, it was resolved by seeking the opinion of a third
reviewer (L.S. or D.S.).

2.3. Data Extraction and Quality Assessment

Two authors (M.P. and M.T.) separately extracted data from individual reports and
recorded the data in an Excel sheet. Any disagreement between the two reviewers in
the process of data extraction was resolved by a third reviewer (L.S.). The extracted data
included the first author, year of publication, study design, country, sample size, age,
gender, comorbidities, ACS types, and PLR values. For publications lacking sufficient
information on predictive accuracy to calculate the 2 X 2 contingency tables, we asked the
corresponding author for help via email. Studies were excluded if a second email received
no response.

Once eligible studies were identified, two researchers (M.P. and D.S.) independently
assessed each article for methodological quality and risk of bias using the Newcastle-
Ottawa Scale (NOS) [14]. Quality rating disagreements were resolved by discussion with
the third researcher (L.S.). The NOS is categorized into three sections: (1) selection of
study groups; (2) comparability of groups; and (3) ascertainment of the outcome of interest.
The total scores that can be obtained using this tool were in the range of 0-9. A study
investigation that obtained a cumulative score of 7 or above was deemed to possess a low
likelihood of bias [15]. In cases where a study obtained a cumulative score of 6 or less, it
was deemed to possess bias and was excluded from the analysis.

2.4. Statistical Analysis

Statistical analysis was conducted with STATA (Software for Statistics and Data Sci-
ence) software version 17.0 (StataCorp LLC, Lakeway Dr, College Station, TX, USA) and
Review Manager software version 5.4 (Nordic Cochrane Centre, Cochrane Collaboration,
Copenhagen, Denmark). All statistical tests were two-sided, and the significance level was
defined as p < 0.05. We used odds ratios (OR) as the effect measure with 95% confidence in-
tervals (CIs) for dichotomous data and mean differences (MD) with a 95% CI for continuous
data. If continuous outcomes were reported as median, range, and interquartile range, we
estimated means and standard deviations using the formula described by Hozo et al. [16].
The Q test and I? statistics were used to check for heterogeneity. If I? was less than 50% or
the p value of the Q tests was less than 0.05, a random synthesis analysis was conducted.
Otherwise, a fixed pooled meta-analysis was performed [17]. We utilized Egger’s test
and funnel plots to check for possible bias and funnel plot tests for asymmetry to assess
potential publication bias if more than ten trials were included in a single meta-analysis.
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A sensitivity analysis using leave-one-out was performed to test for the robustness of
the findings.

3. Results
3.1. Study Selection and Baseline Characteristics

The literature search is illustrated in Figure 1. A total of 2236 records were initially
retrieved. Of these, 982 duplicate publications were excluded. After an initial screening
of titles and abstracts, 43 articles were selected for assessment of full texts, resulting in
a further exclusion of 24 studies. Finally, a total of 19 studies were eventually included
in the review (Table 1) [18-36]. Five prospective and fourteen retrospective studies were
published from 2015 to 2023, with sample sizes between 170 and 2230. The participants
were from Turkey, Pakistan, China, Poland, Indonesia, Iran, and Yemen. Results of the
risk of bias assessment of individual studies can be found in Table 1. All studies were of
sufficient quality to be included in the review. Additional information about the studies
included in the systematic review is provided in the supplementary file (Table S2). Table S2
includes additional information on the studies: number of patients diagnosed with STEMI,
NSTEM]I, and UA, detailed comparative characteristics of the study group vs. control
group, PLR determination (time), and information on MACE (how MACE was defined in
the study).

c
t? Records removed before
o Records identified from: »| screening:
% Databases (n = 2236) Duplicate records removed
@ (n=982)
=
. Y
Primary screening of title and
abstract » {Rne:c;rg;s.ﬁxcluded
(n=1254)
Y
Reporis sought for retrieval Reports not retrieved
= (n = 43) | n=0)
£
b v
Full-text articles screening Report = 24
Sk = - » ports excluded (n = 24):
for eligibility (n = 43) Relevant data could not be
obtained (n = 21)
Reviews or conference
(n=3)
—_
L4
b
3 Studies included in review
‘_,=_-‘ (n=19)

Figure 1. Flow diagram of the search strategy and study selection.
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Table 1. Baseline characteristics of included trials.
Study Country Study Design Study Group Pi?ero\f’s Age, Years Sex, Male, n, % ;\L f’)li
72
Normal flow 88 60.2 + 14.3 (81.8%)
Acet et al., 2015 [18] Turkey Retrospective study - 9
No-flow 236 6214139 (6916950/)
MACE-positive 102 54.49 + 1141 6 6657;‘,/
Adam et al., 2018 [19] Pakistan Prospective cohort study (66.7%) 8
MACE-negative 195 55.82 + 10.50 120 (61.5%)
. AMI 284 61.27 +12.01 237 (83.45%)
Cao etal., 2023 [20] China Retrospective study 9
No-AMI 91 59.10 + 11.96 51 (56.04%)
. Normal flow 198 62+ 11 144 (72.7%)
Celik et al., 2016 [21] Turkey Retrospective study 8
No-flow 382 58 £12 307 (80.4%)
i - i AMI With Death 94 76.61 +11.98 53 (56.38%
Chen et al., 2023 [22] China Slngli center, (spser;/afllonal, ( o) 8
retro- spective study AMI Without Death 94 76.88 +9.04 48 (51.06%)
. AMI 103 731 +99 NS
Dziedzic et al., 2023 [23] Poland Retrospective study 8
No-AMI 135 711 +83 NS
AMI With Death o) 68.09 + 18.7 ( 451§0 "
Guclu et al., 2020 [24] Turkey Prospective cohort study - 9
AMI Without Death 148 61.5+10.6 (8}21(‘)’/)
X AMI 223 NS 151 (67.71%)
Harun et al., 2016 [25] Indonesia Retrospective study
No-AMI 198 NS 84 (42.42%)
n MACE-positive 195 65.3 +10.8 123 (63.1%
Karadeniz et al., 2023 [26] Turkey Retrotsp eCtlwf’ d P ( ) 8
cross-sectional study MACE-negative 908 76.6 +11.3 636 (70.0%)
Ret " Normal flow 403 58 £ 12 311 (77.2%)
etrospective,
Kurtul et al., 2014 [27] Turkey cross-sectional study Noflow 17 68+ 13 740 8
(63.2%)
. MACE-positive 81 NS NS
Li et al., 2020 [28] China Retrospective study 7
MACE-negative 421 NS NS
. 78
. . MACE-positive 107 NS
. . Single-center prospective p (72.9%)
Lietal, 2022 [29] China observational study 8
MACE-negative 1594 NS 1227 (77.0%)
- 38
: MACE-positive 47 63.13 + 13.14
Retrospective, P (80.9%)
Pashapour et al., 2019 [30] Iran cross-sectional study 8
MACE-negative 270 59.54 £+ 11.70 225 (83.3%)
152
Normal flow 204 57.29 £ 13.14 (74.5%)
Senoz et al., 2021 [31] Turkey Retrospective study - 9
27
No-flow 43 61.74 + 1247 (62.8%)
STEMI 24 71.1+9.8 12
. i (50.0%)
Sheng et al., 2021 [32] China Prospective cohort study NSTEMI 25 66.5 + 10.8 (72130/ ) 8
108
UA 156 63.6 + 10.6 (69.5%)
60
AMI 100 555+ 15 (60.0%)
Shumilah etal,, 2021 [33]  Yemen Case—control study . 7
60
No-AMI 100 541+ 15 (60.0%)
Normal flow 515 62 +13 368 (71.5%)
Wang et al., 2018 [34] Chi Retrospective stud: 8
8 mna P Y No-flow 97 63+ 16 29
(69.1%)
: ; MACE-positive 96 71 (63~78) NS
Wang et al., 2021 [35] China Prospective observational P ”
study MACE-negative 291 67 (59~75) NS
X MACE-positive 572 62.93 + 11.18 361 (63.11%)
Zhou et al., 2016 [36] China Retrospective study
MACE-negative 1658 58.12 + 11.31 934 (56.33%)

Legend: AMI: acute myocardial infarction; DM: diabetes mellitus; MACE: major advance cardiac event;
NOS: Newcastle Ottawa Scale; NS: not specified; and UA: unstable angina.
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3.2. Meta-Analysis

Five trials reported PLR values as related to coronary blood flow and presented the
data stratified as no-flow vs. normal flow. Pooled analysis showed that PLR values were
higher in those with no vs. normal flow (166.3 &+ 77.3 vs. 116.5 £ 43.4, respectively,
MD = 48.29; 95% CI: 24.52 to 72.06; p < 0.001; Figure 2).

Ne-flow Nermal flow Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Acet 2015 176.1 103.7 236 140.5 754 88 18.5% 35.60 [15.03, 56.17] I a—
Celhk 2016 132.8 148 198 1243 16.2 382 21.4% 8.50 [5.88, 11.12] -
Kurtul 2014 219 9 117 115 59 403 19.7% 104.00 [8B.57, 119.43] -+
Wang 2018 139.6 218 97 107.1 13.3 515 21.3% 32.50 [28.01, 36.99] -
Senoz 2021 183.76 56.65 43 118.32 50.42 204 19.1% 65.44 [47.15, 83.73] —
Total (95% CI) 691 1592 100.0% 48.29 [24.52, 72.06] e o
Heterogeneity: Tau® = 684.63; Chi’ = 238,16, df = 4 (P < 0.00001); I’ = 98% i

Test for overall effect: £ = 3.98 (P < 0.0001)

Tl00 %0 0 50 100
No-flow Mormal flow

Figure 2. Forest plot of PLR levels among no-flow vs. normal flow acute coronary syndrome patients.

The center of each square represents the mean differences for individual trials, and the correspond-

ing horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.

Acet et al., 2015 [18]; Celik et al., 2016 [21]; Kurtul et al., 2014 [27]; Wang et al., 2018 [34]; Senoz et al.,

2021 [31].

Seven studies reported PLR values in MACE-positive vs. -negative patient groups.
Pooled analysis showed PLR was higher in MACE-positive (164.0 £ 68.6) than MACE-
negative patients (115.3 £ 36.9; MD = 40.14; 95% CI: 22.76 to 57.52; p < 0.001; Figure 3).

MACE -positive MACE-negative Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Adam 2018 147.68 122.1 102 1095 68.7 195 1l.6% 38.18 [12.60, 63.76]
Karadeniz 2023 154.2 17.2 195 94.4 9.1 908 15.4% 59.80 [57.31, 62.29] -
Li 2020 1829 17.8 81 116.4 9.6 421 15.4%  66.50 [62.52, 70.48] -
Li 2022 1369 12.1 107 119.2 9.2 1594 15.4% 17.70 [15.36, 20.04] -
Pashapour 2019 121.35 B83.8B8 47 13264 76.15 270 11.6% =-11.29[-36.93, 14.35] Bcm— i —
Wang 2021 155.4 14 96 114.8 9.4 291 15.4% 40.60 [37.60, 43.60] -
Zhou 2016 17742 765 572 120.8 48.97 1658 15.1% 56.62 [49.92, 63.32] —
Total (95% Cl) 1200 5337 100.0% 40.14 [22.76, 57.52] -'—
Heterogeneity: Tau® = 507.74; Chi* = 793.54, df = 6 (P < 0.00001); I’ = 99%

Test for overall effect: Z = 4.53 (P < 0.00001)

I-- 100 'iﬁ ] 5;0 1Dl'l‘l
MACE-positive MACE-negative

Figure 3. Forest plot of PLR levels among MACE-positive vs. -negative acute coronary syndrome

patients. The center of each square represents the mean differences for individual trials, and the

corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled

results. Adam et al., 2018 [19]; Karadeniz et al., 2023 [26]; Li et al., 2020 [28]; Li et al., 2022 [29];

Pashapour et al., 2019 [30]; Wang et al., 2021 [35]; Zhou et al., 2016 [36].

Pooled analysis showed that PLR was higher in AMI patients who died (183.3£30.3),
compared to survivors (126.2 £ 16.8; MD = 39.07; 95% CI: 13.30 to 64.84; p = 0.003). It
was also higher in the ACS vs. control group (168.2 £ 81.1 vs. 131.9 £ 37.7; MD = 39.01;
95% CI: 2.81 to 75.21; p = 0.03), STEMI vs. NSTEMI cohort (165.5 & 92.7 vs. 159.5 & 87.8;
MD = 5.98; 95% CI: —15.09 to 27.04; p = 0.58), and MI vs. UAP populations (162.4 = 90.0 vs.
128.2 4+ 64.9; MD = 18.28; 95% CI: —8.16 to 44.71; p = 0.18). Sensitivity analysis based on the
leave-one-out analysis showed that the pooled results were not influenced by a single trial.

4. Discussion

Our meta-analysis revealed that the PLR is higher in MACE patients compared to
those without MACE. Moreover, the PLR in AMI patients who died was higher than in
survivors. In terms of coronary blood flow, the PLR was lower in the normal-flow cohort
compared to those with complete blockage. It is worth mentioning that no reflow was
found to have a post-PCI TIMI flow grade of 0, 1, or 2, and a TIMI flow grade of 3.
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Some previously conducted studies aimed at detecting the difference between PLR
and clinical prognosis in patients with acute coronary syndrome. Li et al. published a meta-
analysis demonstrating that individuals with higher PLR had a higher risk of in-hospital
adverse outcomes and long-term adverse events [37], including all-cause mortality and
CV events among patients with ACS [38]. In a meta-analysis, Dong et al. reported results
that were similar. Based on data from 12,619 patients, they found that pre-procedural PLR
values were linked to major adverse cardiovascular events in the hospital, death from any
cause, and no reflow after percutaneous coronary intervention. Long-term follow-up (up to
82 months after discharge) had similar associations between increased MACE and all-cause
mortality [39]. Other meta-analyses [40] have reported findings that are similar.

PLR is not without confounders. Kazem et al. showed that the PLR is an age-
independent predictor of cardiovascular mortality, but only in the longer term (adj. HR per
1 SD of 1.04 (95% CI: 1.00-1.08); p = 0.039) [41]. PLR may also be important in the prediction
of patients with ACS who are more at risk of contrast-induced acute kidney injury (CI-AKI),
although, in this case, the prognostic value of the indicator is similar to other biomarkers of
inflammation [42,43].

The pathophysiology associated with PLR during atherosclerotic processes in coronary
artery disease and acute coronary syndrome is complicated. Reactive platelet activation at
the time of ACS may lead to a temporary increase in the absolute platelet count. In turn, the
damage resulting from acute myocardial infarction may activate lymphocytes that migrate
to the site of injury, consequently reducing their absolute number in the bloodstream.
Finally, the stress reaction and systematic inflammation may also disturb the number of
morphotic elements. And ultimately, an interaction between lymphocytes and platelets
cannot be excluded [44]. Different types of leukocytes contribute to pro-atherosclerotic
mechanisms in different ways and to varying degrees. Monocytes, especially in the pro-
inflammatory cascade pathway, are the source of Tissue Factor (TF), factor III, which initiates
the process of transformation of prothrombin into thrombin. Neutrophils, and to a lesser
extent monocytes, release metalloproteinases [45—49]. As a result of apoptosis, e.g., due
to sudden hypoxia, neutrophils release neutrophil extracellular traps (NET), an important
component of coagulation activation. Endothelial inflammation is indirectly related to the
activity of T- and B-lymphocytes. T-lymphocytes activate macrophages, leading to the
production of pro-inflammatory cytokines (including IL-1c, IL-6, IL-12, etc.) and tumor
necrosis factor (TNF-«), which not only increases inflammation by activating other pro-
inflammatory pathways but also hinders healing within the endothelium and contributes
to the instability of an atherosclerotic plaque. The role of eosinophils in the development of
atherosclerosis is less known. They are suspected of reducing thrombus stability.

In general, the value of the PLR index is related to the immune response, showing the
degree of the inflammatory response. An increased PLR index may indicate ongoing pro-
inflammatory processes. This, in turn, may contribute to the instability of an atherosclerotic
plaque, which may lead to major cardiovascular events. Furthermore, an increased PLR
value may result from an increased number of thrombocytes, thereby increasing the risk
of thromboembolism. Moreover, an increased number of platelets promotes endothelial
damage. A high value of the PLR index may, therefore, be the result of multidirectional
changes occurring in the body related to the markers of inflammation [50].

However, before the PLR can be routinely included in the decision-making process,
the first challenge is to define a cut-off point for the PLR value that allows the stratification
of patients. In addition, further studies need to describe how PLR differs from other similar
indicators in practice, e.g., monocyte-to-lymphocyte ratio (MLR), derived neutrophil-to-
lymphocyte ratio (dANLR), neutrophil-to-lymphocyte platelet ratio (NLPR), or systemic
inflammatory index (SII). Another area of interest may be to define if the systematic
immune response can be modified with treatment, if the effect is beneficial, and whether
the reduction in inflammation can be measured with the PLR. If so, the PLR biomarker
could be used to measure the degree of adherence to therapeutic recommendations or the
individual variability of response to the intervention. Single scientific reports show, for
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example, that ticagrelor may improve the parameters of inflammation compared to another
antiplatelet drug, i.e., clopidogrel [51]. Finally, the cost-effectiveness of the PLR has not
been defined. If the diagnostic or predictive properties of PLR are confirmed, it may be a
cost-effective solution, at least partially limiting the use of expensive technologies, which
may be particularly important in rural areas or less developed countries [52].

Other new potential markers include neutrophil-to-lymphocyte ratio, eosinophil-to-
leukocyte ratio, eosinophil-to-lymphocyte ratio, eosinophil-to-neutrophil ratio, lymphocyte-
to-monocyte ratio, and neutrophil-to-lymphocyte ratio. Patients with acute decompensated
heart failure and reduced ejection fraction who experienced a major cardiovascular event
(MACE) within 6 months of the index hospitalization had lower eosinophil-to-monocyte
ratio and eosinophil-to-lymphocyte ratio values. However, their neutrophil-to-eosinophil
ratio and leukocyte-to-eosinophil ratio were higher compared to patients without MACE.
Further research is necessary to determine which biomarkers demonstrate the best predic-
tive properties, preferably in a head-to-head comparison [53].

Gender-specific characteristics in the development of the immune system response
during the development of cardiovascular diseases remains an area of research. Epidemio-
logical studies have shown that among patients diagnosed with type 2 diabetes, women
have a much worse prognosis than men. One hypothesis is that the difference in the
immune response between women and men may contribute to a worse prognosis. The
increase in the number of platelet-neutrophil conjugates may be one of the factors of the
immune response. Also, hormones such as estradiol may determine the specificity of the
hormonal response in women. In the context of new biomarkers, careful analyses should
be carried out to determine whether there are different cut-offs for women and men [54].

Our meta-analysis has several limitations. These include the lack of a standardized
performance platform. This is likely to create variability in comparative numeric values
obtained from different data sources. Despite this, we were able to demonstrate clear
prognostic associations between abnormal PLR results and both short- and long-term
outcomes. Second, we were not able to evaluate the impact of age on outcome events.
However, whether age must be included in the interpretation of PLR testing is unclear.
Additionally, the effects of hematologic disorders and medications altering hematopoiesis
on the PLR accuracy need further evaluation. Furthermore, no study presented here
evaluated the consequence of care alterations determined with PLR testing.

The meta-analysis does not take into account some variables that may affect the useful-
ness of the PLR biomarker as a predictor. These include diagnosis (STEMI, NSTEMI, UA),
how the comparison group was constructed in the studies included in the meta-analysis, the
baseline characteristics of the patients, among others. Different ways of describing baseline
characteristics, in particular capturing very different information, make it significantly
difficult to present the characteristics of participants included in the studies. Moreover,
a comparison of morphological and other laboratory parameters between publications
would be burdened with a significant systematic error due to the possible different methods
of determining parameters and the lack of reference standards in the publications. The
meta-analysis did not take into account information about what proportion of patients
underwent PCI. Further limitations are associated with the time of PLR determination and
MACE definition. To address all the above aspects, Table S2 was added.

Finally, interventional studies, with clinical care changes based on PLR values, are
needed before this biomarker can be used in clinical practice.

5. Conclusions

This is the largest evaluation of PLR to date. Overall, our findings confirmed the
potential prognostic role of the platelet-to-lymphocyte (PLR) ratio in patients presenting
with suspected acute coronary syndromes (ACS). Its use as a risk stratification tool should
be examined prospectively to define its capability for evaluation in cardiovascular patients.
PLR might serve as a surrogate marker of microvascular obstruction and no-reflow risk,
with a potential impact on the management of high-risk patients (including gp IIb/IIla
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inhibitors). In addition, there is a clinical struggle to identify high-risk patients with no-
reflow, which subsequently may contribute to potential efficient strategies to prevent or
treat no-reflow, finally leading to short and long-term mortality.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jem12216903/s1, Table S1: PRISMA checklist; Table S2. Detailed
characteristics of the studies included in the meta-analysis.
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ABSTRACT

INTRODUCTION: Despite advancements in diagnostics and early risk assessments improving patient
outcomes, the global death rate from acute coronary syndrome (ACS) continues to rise. Identifying
new biomarkers holds promise for further care improvements. This study examined clinical and
laboratory differences between STEMI and NSTEMI patients, focusing on the diagnostic value of
platelet-derived ratios compared to other hematological parameters.

MATERIAL AND METHODS: This is an observational, single-center study. We retrospectively collected
patients with ACS who underwent invasive coronary angiography and a percutaneous coronary
intervention between September 1st 2023 and December 31st 2023. Statistical analyses were
performed to compare clinical and laboratory parameters between the STEMI and NSTEMI patient
groups.

RESULTS: The study included 65 patients (25 STEMI, 40 NSTEMI). WBC showed the highest
discriminative power (AUC: 0.78, threshold: 10.56, sensitivity: 84%, specificity: 80%). LDL-C strongly
correlated with total cholesterol (r = 0.96), and hemoglobin with hematocrit (r = 0.95). Moderate
correlations were seen between WBC and PLT (r = 0.52) and PLT with the PLT-to-WBC ratio (r = 0.38).
PLT-to-total cholesterol correlated negatively with cholesterol (r =-0.63), while hemoglobin correlated
negatively with PLT-to-hemoglobin (r = -0.34). The platelet-to-hematocrit ratio, with an AUC of 0.60,
showed balanced discriminative capacity (sensitivity: 48%, specificity: 80%).

CONCLUSIONS: Our findings demonstrate platelet-derived ratios' ability to distinguish STEMI from
NSTEMI. The platelet-to-hematocrit ratio was the most discriminative composite metric. To improve
acute coronary syndrome diagnosis and prognosis, platelet levels should be correlated with other

hematological parameters.

Keywords: myocardial infarction; platelets; acute coronary syndrome; myocardial infarction;

diagnostics
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1. INTRODUCTION

Global mortality from acute coronary syndrome (ACS) continues to rise overall, with
substantial regional disparities, including pronounced increases in lower-income regions and
slower progress in reducing rates in middle-income countries. [1] Data from the Finnish
Myocardial Infarction Register show that although the prognosis for ACS has improved in
recent years, survivors continue to face significantly lower three-year cardiovascular disease-
free survival rates compared to individuals without apparent health issues. [2] While
treatments, better diagnostic methods, and early risk assessments have greatly improved
patient outcomes, discovering new biomarkers holds promise for further enhancing care.
Katsioupa et al. highlight the pivotal role of biomarkers in diagnosing and prognosticating ACS,
with high-sensitivity cardiac troponin (hs-cTn) transforming diagnosis through its exceptional
sensitivity and negative predictive value. Beyond troponins, B-type natriuretic peptide (BNP)
and N-terminal prohormone of brain natriuretic peptide (NT-proBNP) are recognized as key
prognostic markers, strongly associated with mortality risk. Emerging biomarkers, such as
growth differentiation factor-15 (GDF-15) and soluble oxidized low-density lipoprotein
receptor-1 (sLOX-1), offer potential for improved risk stratification and insights into
inflammatory and oxidative stress pathways. [3,4,5] Upon clinical validation, these biomarkers
may significantly enhance the diagnosis and prognosis of ACS. Nonetheless, their elevated
measuring expenses and restricted practicality in standard clinical practice pose considerable
obstacles. This issue is particularly significant in underdeveloped nations, where the adoption
of such biomarkers is more challenging and results for ACS are often poorer.

From a feasibility standpoint, platelet-based biomarkers are emerging as valuable tools
in diagnosing and predicting outcomes in ACS. Given the central role of platelets in its
pathogenesis - becoming activated at sites of atherosclerotic plaque rupture and triggering
thrombus formation - they offer a promising avenue for both practical and mechanistic
insights into ACS management. [6] A study by Assiri et al. underscores the significance of
platelet volume parameters, particularly mean platelet volume (MPV) and platelet distribution
width (PDW), which were found to be significantly elevated in ACS patients compared to
controls. Particularly, platelet count showed no significant difference, highlighting that

platelet volume indices may offer greater clinical relevance than platelet count in evaluating
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the risk and progression of ACS. [7] In contrast, Gresele et al. highlighted that a low platelet
count at admission serves as a significant predictor of major adverse cardiovascular events
(MACE) in patients with ACS. Supporting this, data from the START-ANTIPLATELET registry
indicated that thrombocytopenia is linked to reduced MACE-free survival and worse clinical
outcomes. [8] These associations persisted even after adjusting for confounding variables such
as age, reduced left ventricular ejection fraction, history of stroke, and renal impairment. [9]
A more advanced group of biomarkers includes those that combine platelet counts
with other morphological indicators, such as hemoglobin or lymphocytes. This group of
biomarkers includes, for example, the Platelet-to-Hemoglobin Ratio (PHR), or the Platelet-to-
Lymphocyte Ratio (PLR). Isik and Soner highlight the PHR as an independent predictor of in-
hospital mortality in patients with ST-segment elevation myocardial infarction (STEMI). A PHR
value of 2 1.99 is associated with more than a 2.5-fold increase in mortality risk, underscoring
its clinical relevance. An elevated PHR likely reflects a prothrombotic state and significant
platelet activity driven by inflammatory and ischemic processes, as well as the interplay
between high platelet counts and low hemoglobin levels. [10] Furthermore, Bao et al. show
that a higher PHR is independently linked to an elevated risk of long-term all-cause mortality
among patients with coronary artery disease (CAD) and congestive heart failure (CHF). Over a
median follow-up of 5.2 years, patients with a high PHR (21.69) exhibited a 31% higher
adjusted risk of mortality compared to those with a lower PHR (<1.69), as confirmed by Cox
regression models. [11] Pruc et al. highlighted the potential clinical utility of the PLR as a
prognostic biomarker in ACS. Their meta-analysis confirmed that elevated PLR is associated
with worse outcomes in patients presenting with suspected ACS, including MACEs and in-
hospital mortality. Notably, PLR was significantly higher in MACE-positive versus MACE-
negative groups and in ACS patients who succumbed to their condition compared to survivors.
[12] Another noteworthy biomarker is the Red Blood Cell Distribution Width-to-Platelet Ratio
(RPR), which combines two independent parameters: red blood cell distribution width (RDW)
and platelet count. RPR serves as a simple and cost-effective marker of inflammatory
processes, with studies demonstrating its independent predictive value for 180-day in-

hospital mortality in patients with acute myocardial infarction (AMI). [13]
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comprehensive assessment of the complex pathophysiology of ACS. [14] In this vein, Cao et
al. investigated the prognostic utility of combining the mean platelet volume-to-lymphocyte
ratio (MPVLR) and the monocyte-to-high-density lipoprotein cholesterol ratio (MHR) in AMI.
MPVLR, which reflects platelet activation and inflammatory burden, and MHR, an indicator of
inflammation and oxidative stress, were significantly higher in AMI patients compared to
controls. Both markers independently correlated with the severity of AMI and established
predictive scores, such as Gensini and GRACE. Notably, the combined application of MPVLR
and MHR outperformed either biomarker alone in predicting AMI risk and severity,
highlighting their potential for clinical utility. [15] Recently, the Mean Platelet Volume-Age-
Total Protein-Hematocrit (MAPH) score has emerged as a novel biomarker with promise for
predicting the coronary slow-flow (CSF) phenomenon [16,17,18]. This score offers insights into
blood viscosity and microvascular health, emphasizing its potential clinical relevance.
However, its utility is tempered by limited sensitivity, suggesting that it should be used in
conjunction with other diagnostic tools for optimal predictive accuracy. [19]

Further exploration of platelet-related biomarkers offers substantial potential for
enhancing diagnostic and prognostic accuracy in ACS. Such advancements could play a pivotal
role in mitigating disparities in care, particularly in resource-constrained settings, where the
adoption of cost-effective biomarkers can significantly influence clinical outcomes. Building
on these considerations, this study aimed to comprehensively analyze the clinical and
laboratory differences between STEMI and NSTEMI patients, with a particular emphasis on
evaluating the diagnostic potential of platelet-derived ratios in relation to other hematological

parameters.

2. METHODS

Data of patients hospitalized between September 1%t 2023 and December 315 2023 in the
Department of Cardiology and Internal Medicine, A. Jurasz University Hospital No. 1 in
Bydgoszcz for an acute coronary syndrome, who underwent invasive coronary angiography
and a percutaneous coronary intervention were retrospectively analyzed. All the analyzed

parameters were obtained from the hospital electronic records. Angiography was analyzed

104



oo D
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TIMI scores were calculated online using MDcalc.com website. SYNTAX score was calculated
using the official website syntaxscore.org. To minimize the discrepancies between the
analyzed parameters, all the recordings were analyzed by two investigators. This study was
designed as a retrospective study, and was approved by the Institutional Review Board of the
Polish Society for Disaster Medicine (approval no.: 03/06/2024/IRB).

Statistical analyses were performed to compare clinical and laboratory parameters
between the STEMI and NSTEMI patient groups. Continuous variables were presented as
mean + standard deviation (SD) and compared using an independent samples t-test, assuming
normal distribution. The normality of the data was assessed using the Shapiro-Wilk test. For
categorical variables, proportions were calculated, and comparisons between groups were
made using the chi-square test or Fisher’s exact test when the expected frequency was less
than five. Receiver operating characteristic (ROC) curve analysis was conducted to evaluate
the diagnostic performance of selected variables in distinguishing STEMI from NSTEMI. The
area under the curve (AUC) was calculated for each parameter, along with sensitivity and
specificity at the optimal cut-off points determined using the Youden Index. Correlation
analyses were performed using Pearson’s correlation coefficient to explore relationships
between clinical and laboratory parameters, with particular attention to composite ratios
derived from platelet-related metrics. All statistical tests were two-tailed, and a p-value <0.05
was considered statistically significant. Data analysis was performed using RStudio, Version
2024.12.0+467 (RStudio, PBC, Boston, MA, USA), utilizing appropriate statistical packages such

as tidyverse, pROC, and corrplot.

3. RESULTS

3.1. Baseline characteristics

A total of 65 patients were included in the study, divided into two groups: STEMI (n=25) and
NSTEMI (n=40). The baseline characteristics are summarized in Table 1. There were no
significant differences in age, sex distribution, height, weight, or body mass index (BMI)
between the two groups. However, left ventricular ejection fraction (LVEF%) was significantly

lower in the STEMI group compared to the NSTEMI group (37.44 + 6.96% vs. 42.05 + 8.88%,
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p=0.031). Other clinical parameters, such as systolic and diastolic blood pressure, heart rate,
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and Killip class, were comparable between the groups.

The prevalence of comorbidities, including smoking, hypertension, diabetes,
dyslipidemia, thyroid disease, and history of previous cardiac conditions (coronary artery
disease, PCl, CABG, myocardial infarction), did not differ significantly between the groups.
Notably, ventricular fibrillation/tachycardia (VF/VT) was more frequently observed in NSTEMI
patients (8 vs. 0, p=0.046). Laboratory findings revealed higher white blood cell (WBC) counts
in the STEMI group (12.12 + 2.41 vs. 9.61 * 4.14, p=0.008) and lower red blood cell (RBC)
counts (3.96 + 0.92 vs. 4.35 + 0.68, p=0.048). Other laboratory markers, such as creatinine,

glucose, and C-reactive protein, showed no significant differences.

3.2. Diagnostic Performance of Laboratory Variables

Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic
potential of selected variables in distinguishing STEMI from NSTEMI (Table 2). Among
individual parameters, WBC demonstrated the highest discriminative ability, with an area
under the curve (AUC) of 0.78, an optimal threshold of 10.56, sensitivity of 84%, and specificity
of 80%. Conversely, variables such as RBC (AUC=0.40), mean corpuscular volume (MCV)
(AUC=0.39), and hemoglobin (AUC=0.40) showed limited diagnostic utility.

The analysis of platelet-derived ratios revealed that the platelet-to-hematocrit ratio
(PLT/Hematocrit) provided the most balanced discriminative capacity among composite
parameters, with an AUC of 0.60, sensitivity of 48%, and specificity of 80%. Although the
overall AUC values for these ratios were modest, they suggest potential utility for further
exploration in larger cohorts (Table 3).

Clinical outcomes, including intensive care unit (ICU) admissions and length of hospital
stay, were similar between the groups. The presence of significant hemodynamic disturbances
(SHD) was comparable (88% in STEMI vs. 85% in NSTEMI, p=0.733), indicating similar levels of

clinical severity.

3.3. Correlation analysis
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parameters in the studied population of STEMI and NSTEMI patients (Table S1). A strong
positive correlation was observed between LDL-C and total cholesterol (r = 0.96), reflecting
the contribution of LDL-C to overall cholesterol levels. Similarly, hemoglobin strongly
correlated with hematocrit (r = 0.95), indicative of their physiological interdependence in
oxygen transport and erythropoiesis. Platelet count showed a moderate positive correlation
with white blood cell count (WBC) (r = 0.52), suggesting potential interactions linked to
inflammatory or thrombotic processes.

In contrast, several inverse relationships were identified. The platelet-to-total
cholesterol ratio (PLT to Total Cholesterol) demonstrated a significant negative correlation
with total cholesterol (r = -0.63), indicating that higher cholesterol levels are associated with
lower relative platelet counts. Additionally, hemoglobin was negatively correlated with the
platelet-to-hemoglobin ratio (PLT to Hb) (r = -0.34), suggesting that higher hemoglobin levels
corresponded to relatively lower platelet ratios.

Several parameters displayed weak or negligible correlations, including glucose and
hemoglobin (r =-0.11) and eGFR and LDL-C (r = 0.22), indicating limited direct interactions in
this clinical setting. Composite platelet ratios provided additional insights. The platelet-to-
WABC ratio (PLT to WBC) exhibited a moderate positive correlation with platelet count (r = 0.38)
and a weaker negative correlation with glucose levels (r =-0.27), suggesting its potential utility
in identifying inflammatory states. Similarly, the platelet-to-mean platelet volume ratio (PLT
to MPV) was strongly correlated with platelet count (r = 0.66), highlighting the role of platelet
volume in thrombogenic processes. The platelet-to-hematocrit ratio (PLT/HCT) demonstrated
a moderate negative correlation with hematocrit (r = -0.59), emphasizing its potential
relevance in conditions involving anemia or hemodilution.

Considering both AUC, sensitivity, and specificity, PLT to Hematocrit appears to be the
most effective parameter for differentiating STEMI from NSTEMI, offering a balanced
discriminative ability with an AUC of 0.60, sensitivity of 0.48, and specificity of 0.80 (Figures
S1-S23).

4. DISCUSSION
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STEMI and NSTEMI patients, with a particular emphasis on evaluating the diagnostic potential
of platelet-derived ratios in relation to other hematological parameters. The findings provide
valuable insights into the utility of these composite metrics in differentiating between the two
subtypes of ACS.

The observed significant reduction in LVEF in STEMI patients compared to NSTEMI
patients (37.44 + 6.96% vs. 42.05 + 8.88%, p=0.031) underscores the heightened degree of
myocardial injury typically associated with STEMI. This observation reflects the extensive
ischemic damage resulting from complete coronary occlusion in STEMI, in contrast to the
more heterogeneous ischemic burden in NSTEMI. [20] Furthermore, the higher prevalence of
ventricular fibrillation/tachycardia (VF/VT) in NSTEMI patients (8 vs. 0, p=0.046) may point to
distinct arrhythmic susceptibilities linked to the ischemic substrate, meriting further
electrophysiological investigations.

Laboratory analyses revealed significant intergroup differences, with higher WBC
counts (12.12 £ 2.41 vs. 9.61 + 4.14, p=0.008) and lower RBC counts (3.96 + 0.92 vs. 4.35 +
0.68, p=0.048) in STEMI patients. Elevated WBC counts reflect a heightened inflammatory
response, which plays a critical role in the pathogenesis of STEMI. This inflammation is
typically driven by the rupture of atherosclerotic plaques, leading to the release of
inflammatory mediators that contribute to thrombus formation and myocardial injury. [21]
Additionally, WBC elevation has been associated with worse clinical outcomes, including
larger infarct size and increased mortality, highlighting its importance as a prognostic marker
in STEMI. Conversely, the lower RBC counts in STEMI patients may result from chronic anemia,
acute blood loss, or hemodilution due to fluid resuscitation during acute management.
Anemia reduces oxygen-carrying capacity and exacerbates myocardial ischemia, creating a
vicious cycle of hypoxia and further cardiac damage. [22] This reduction in RBC levels may also
be indicative of underlying comorbid conditions, such as renal insufficiency or chronic
inflammation, which are frequently observed in STEMI populations. [23] These findings
underscore the complex interplay between systemic inflammation, anemia, and
cardiovascular pathology in the context of ACS. The combination of elevated WBC and

reduced RBC levels highlights the dual challenges of managing inflammation and ensuring
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adequate oxygen delivery in STEMI patients. Furthermore, these parameters may serve as
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potential biomarkers for risk stratification, guiding both therapeutic interventions and long-
term management strategies in this high-risk population.

The platelet-to-hematocrit ratio (PLT/HCT) emerged as the most informative among
the composite metrics, demonstrating an area under the curve (AUC) of 0.60, with a sensitivity
of 48% and specificity of 80%. While these values reflect moderate discriminative capacity,
they underscore the relevance of platelet interactions with hematocrit levels in the context of
myocardial ischemia. Additional metrics, including platelet-to-hemoglobin (PLT/Hb) and
platelet-to-red blood cell (PLT/RBC) ratios, exhibited modest correlations with clinical
outcomes and inflammatory markers, suggesting their potential as supplementary diagnostic
tools. These findings highlight the multifaceted interplay between thrombogenic,
erythropoietic, and inflammatory processes in ACS [24].

The platelet-to-total cholesterol ratio (PLT/Total Cholesterol) exhibited a notable
inverse correlation with total cholesterol (r = -0.63), suggesting an interaction between lipid
metabolism and thrombogenesis. Similarly, the platelet-to-hematocrit ratio (PLT/HCT)
demonstrated a moderate negative correlation with hematocrit (r = -0.59), emphasizing its
potential relevance in anemia and hemodilution. The platelet-to-mean platelet volume ratio
(PLT/MPV) displayed a strong positive correlation with platelet count (r = 0.66), underscoring
the influence of platelet volume on thrombogenic potential. Additionally, the platelet-to-WBC
ratio (PLT/WBC) showed a weaker yet notable correlation with inflammatory markers,
reinforcing its potential utility as an indicator of systemic inflammation.

The retrospective methodology and single-center characteristic of this study are
significant limitations that may restrict the generalizability of the results. Moreover, the
limited sample size constrains the statistical power to identify more nuanced differences. In
our research, we sought correlations distinct from those previously identified; hence, data on
parameters such as the neutrophil to lymphocyte ratio and the platelet to lymphocyte ratio
were absent, despite their shown significance. Subsequent studies should seek to confirm
these results in larger, multicenter populations and clarify the molecular foundations of

platelet-derived ratios in the pathophysiology of ACS.
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5. CONCLUSION

This study emphasizes the diagnostic efficacy of platelet-derived ratios in differentiating
STEMI from NSTEMI. The examination of platelet-derived ratios indicated that the platelet-to-
hematocrit ratio exhibited the most equitable discriminative ability among composite
measures. The findings advocate for further exploration of the correlation between platelet
measurements and other hematological parameters to enhance diagnostic precision and

prognostic capability in acute coronary syndromes.
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Table 1. Baseline characteristics of included patients.

Parameter STEMI NSTEMI P-value
(n=25) (n=40)
Age 68.40 (10.78) 69.60 (8.73) 0.624
Sex, male 17 (68.0) 34 (85.0) 0.134
Height 166.50 (11.39) 170.41 (7.13) 0.142
Weight 79.39 (12.90) 77.06 (16.48) 0.608
BMI 28.57 (3.55) 26.33 (4.58) 0.079
LVEF% 37.44 (6.96) 42.05 (8.88) 0.031
SBP 137.52 (33.22) 133.00 (26.85) 0.569
DBP 77.6 (19.52) 80.45 (16.14) 0.544
HR 75.72 (10.57) 75.33 (16.61) 0.907
Killip class
I 18 (72.0) 31(77.5) 0.784
II 7 (28.0) 7(17.5)
111 - -
v - 2 (5.0)
GRACE score 133.6 (22.91) 124.3 (32.49) 0.216
Comorbidities
Smoking 7 12 1.0
Hypertension 21 29 0.442
Diabetes 15 13 0.055
Dyslipidemia 12 26 0.274
Thyroid disease 0 5 0.173
Previous CAD 10 22 0.357
Previous CABG 2 2 1.0
Previous PCI 9 19 0.513
Previous stroke 2 2 1.0
Previous MI 8 14 1.0
Pericarditis 0 2 0.691
Atrial fibrillation 5 4 0.443
Cardiogenic shock 3 6 1.0
VE/VT 0 8 0.046
Laboratory findings
Glucose 173.33 (72.23) 158.69 (98.40) 0.541
Creatinine 1.79 (1.94) 1.86 (2.29) 0.900
WBC 12.12 (2.41) 9.61 (4.14) 0.008
RBC 3.96 (0.92) 4.35 (0.68) 0.048
MCV 89.48 (5.24) 91.81 (6.81) 0.148
PDW 13.28 (2.00) 13.29 (2.43) 0.988
Platelet count 238.36 (65.79) 247.72 (96.07) 0.670
¢GFR MDRD 61.53 (29.65) 60.47 (30.37) 0.890
C-reactive protein 24.68 (33.43) 15.31 (32.47) 0.267
Hemoglobin (g/dL) 12.30 (3.13) 13.51 (1.80) 0.052
Hematocrit 35.30 (8.44) 38.45 (7.68) 0.127
LDL-C (mmol/L) 108.65 (54.96) 107.32 (62.71) 0.953
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HDL-C (mmol/L) 37.86 (8.83) 40.49 (12.71) 0.397
Total cholesterol | 166.16 (59.09) 161.92 (64.19) 0.793
(mg/dL)
Triglycerides 135.33 (113.45) 105.05 (41.02) 0.142
(mg/dL)
Outcomes
ICU admission 1 (4.0) 2 (5.0) 0.851
Length of stay 8.96 (8.31) 7.1 (4.99) 0.263
SHD 22 (88.0) 34 (85.0) 0.733
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Table 2. The ROC analysis for the selected variables in the context of distinguishing STEMI and

NSTEMI.
Optimal
Variable AUC Threshold Sensitivity Specificity
(Cut-off)

Glucose 0.65 134.0 0.79 0.63
Creatinine 0.50 2.04 0.26 0.87
WBC 0.78 10.56 0.84 0.80
RBC 0.40 4.41 0.52 0.65
MCV 0.39 96.7 0.13 0.94
PDW 0.53 12.9 0.75 0.50
Platelet count 0.47 142.0 1.00 0.13
eGFR MDRD 0.52 24.85 0.92 0.18
C-reactive 0.62 37.81 0.40 0.90
protein
Hemoglobin 0.40 14.3 0.36 0.65
(g/dL)
Hematocrit 0.37 40.7 0.36 0.68
LDL-C (mmol/L) 0.51 124.00 0.50 0.69
HDL-C (mmol/L) 0.45 24.0 1.0 0.10
Total cholesterol | 0.53 194.0 0.52 0.72
(mg/dL)
Triglycerides 0.61 111.0 0.57 0.69
(mg/dL)
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Table 3. The ROC analysis for the platelet-derived ratios in the context of distinguishing STEMI and
NSTEMI.

Optimal Sensitivity at Specificity at
VARIABLE AUC Threshold Optimal Optimal

(Cut-off) Threshold Threshold

PLT to WBC 0.22 14.55 0.96 0.075

PLT to MPV 0.50 2.40 0.76 0.375

PLT to RBC 0.59 72.78 0.36 0.90

PLT to hemogl 0.58 20.89 0.40 0.85

PLT to hemato 0.60 6.74 0.48 0.80

PLT to LDL 0.47 0.95 1.00 0.10

PLT to HDL 0.57 5.90 0.61 0.60

PLT to total 0.46 4.24 0.12 0.95

cholest

PLT to triglycerides | 0.43 1.20 0.96 0.10

#Po
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ROC Curve for Glucose
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Figure S1. Receiver Operating Characteristic (ROC) Curve for Glucose.

ROC Curve for Creatinine (CK)
1.0t

0.8

o
o
T

True Positive Rate
o
F=S

0.2

0.0 ~ ROC curve (area = 0.50)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure S2. Receiver Operating Characteristic (ROC) Curve for Creatinine.
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ROC Curve for WBC
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Figure S3. Receiver Operating Characteristic (ROC) Curve for white blood cells (WBC).

ROC Curve for Erythrocytes (RBC)
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Figure S4. Receiver Operating Characteristic (ROC) Curve for erythrocytes.
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ROC Curve for MCV
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Figure S5. Receiver Operating Characteristic (ROC) Curve for mean corpuscular volume
(MCV).

ROC Curve for PDW
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Figure S6. Receiver Operating Characteristic (ROC) Curve for platelet distribution width
(PDW).
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ROC Curve for Platelet count
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Figure S7. Receiver Operating Characteristic (ROC) Curve for platelet count.

ROC Curve for eGFR MDRD (mL/min)
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Figure S8. Receiver Operating Characteristic (ROC) Curve for epidermal growth factor
receptor (eGFR).
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ROC Curve for C-reactive protein
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Figure S9. Receiver Operating Characteristic (ROC) Curve for C-reactive protein.
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Figure S10. Receiver Operating Characteristic (ROC) Curve for hemoglobin.
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ABSTRACT

Background: Globally, diseases of the cardiovascular system stand as principal contributors to
mortality and are expected to show an upward trajectory. The occurrence of acute coronary syn-
drome (ACS) has been linked to underlying inflammatory processes. The monocyte-to-high-density
lipoprotein-cholesterol ratio (MHR) has garnered significant attention as a prognostic biomarker,
encapsulating the synergistic roles of inflammation and lipid metabolism in the pathophysiology
of cardiovascular diseases, including ACS.

Aims: This meta-analysis examines the prognostic MHR ratio in ACS patients.

Methods: We systematically searched PubMed, Embase, Scopus, Web of Science, and the Cochrane
Library databases to identify the relevant meta-analyses published before February 26, 2024. The
findings were aggregated into risk ratios with 95% confidence intervals.

Results: Eleven studies, with 7421 patients, were included. Low MHR levels compared to high MHR
levels were associated with statistically significantly lower in-hospital mortality (0.9% vs. 5.5%;
respectively; P <0.001), 3-month mortality (4.4% vs. 11.2%; P = 0.02), 6-month follow-up mortality
(4.0% vs. 10.2%; P =0.03), 1-year mortality (4.2% vs. 10.2%; P <0.001), as well as long-term follow-up
mortality (7.5% vs. 13.7%; P <0.001).

Conclusions: MHR has both good predictive properties for mortality and major adverse cardiovas-
cular events (short- and long-term). Data indicate that MHR may improve in-hospital and long-term
cardiovascular risk prediction. It may, therefore, be an effective tool for risk re-estimation and selection
of patients for whom intensive lipid-lowering treatment may be particularly useful.

Key words: acute coronary syndrome, biomarker, diagnostic techniques, monocyte-to-high-
-density lipoprotein ratio
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WHAT'S NEW?

Recent studies suggest the monocyte-to-high-density lipoprotein-cholesterol ratio is an effective predictor of major adverse
cardiovascular events following acute coronary syndrome. Our analysis showed that higher monocyte-to-high-density lipopro-
tein-cholesterol ratio are associated with increased in-hospital and long-term mortality risks and major adverse cardiovascular
events. This funding offers a potential tool for improved cardiovascular risk assessment and patient management.

INTRODUCTION

The monocyte-to-high-density lipoprotein cholesterol ratio
(monocyte-to-HDL-C ratio/MHR) appears to be a useful
predictor of the risk of major adverse cardiovascular events
(MACEs) in both the long- and short-term perspectives
[1]. The MHR reflects the predictive properties of both
monocytes and HDL-Cinvolved in the pathogenesis of ath-
erosclerosis. The role of inflammation in the development
of atherosclerosis is well established. Monocytes have an
undoubted pro-inflammatory effect, while HDL-C has an
anti-inflammatory effect [2].

Kanbay et al. [3] demonstrated that the MHR, in pa-
tients diagnosed with chronic kidney disease, is a useful
predictor in assessing the risk of death and composite
cardiovascular events [3]. The MHR also turned out to be
a good predictor of cardiovascular disease risk in patients
diagnosed with obstructive sleep apnea syndrome. The
MHR value was higher in those with more advanced
obstructive sleep apnea syndrome and cardiovascular
disease compared to controls) [4]. Thus, in addition to such
indicators as the time between coronary angiography and
stent diameter, the MHR has emerged as an independent
predictor of in-stent restenosis in patients undergoing
bare-metal stent implantation [5]. In addition, the same
study found a close correlation between the MHR value
and the systematic coronary risk evaluation-2 (SCORE2)
and insulin resistance [6]. Moreover, Avci et al. [7] showed
thata higher MHR was a predictor of in-hospital mortality
in patients admitted to an emergency department with
a diagnosis of pulmonary embolism. Patients diagnosed
with hypertension [8], primary biliary cholangitis [9],
acute ischemic stroke after intravenous thrombolysis
therapy [10], osteoporosis [11], Kawasaki disease [12],
and colorectal cancer [13] may potentially use the MHR
as a predictor of disease progression or exacerbation.
Despite its wide spectrum of potential use as an indicator
of adverse events, the MHR is not a universal biomarker.
A study by Romo-Cordero [6] showed that the MHR value
did not differ between patients with rheumatoid arthritis
when compared to a control group without a rheumatoid
arthritis diagnosis.

In the context of acute coronary syndrome (ACS), it is
worth mentioning a recently published study (August 2023)
in which the MHR was significantly higher in patients with
ACS compared to two control groups of those with and
without coronary artery disease but no ACS. Furthermore,
as the severity of coronary lesions increases, the MHR
also increases, as patients with single-vessel disease have

lower MHRs compared to those with multi-vessel disease,
suggesting that the MHR may also be a potential predictor
of ACS severity [14]. Theimmune system’s response to myo-
cardial hypoxia can explain the increased MHR value in ACS.
During oxygen deprivation, monocytes release cytokines,
other pro-inflammatory agents and tissue modifiers that
aid in compensatory and repair processes [15-17].

Finally, a 2022 meta-analysis showed that, compared
to patients with a low MHR, those with a high MHR and
coronary heart disease are at increased risk of long-term
MACE. However, the meta-analysis only included nine co-
hort studies [18], indicating the need for further investiga-
tion to determine the most appropriate application of the
MHR. Ultimately, the single-center nature of many studies
describing the predictive properties of the MHR as a bio-
marker leaves many questions unanswered. Meta-analyses
make it possible to consolidate results obtained in several
single-center studies, allowing consideration of a larger
combined number of patients in the meta-analysis. Thus,
our meta-analysis aimed to examine the predictive prop-
erties of the MHR in the context of short- and long-term
MACE after ACS.

MATERIAL AND METHODS
We conducted this systematic review and meta-analysis fol-
lowing the guidelines outlined in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement
[19]. We prospectively registered our study protocol on
PROSPERO (registration no. CRD42023480204).

Search strategy and study selection

Two investigators (MP and DS) independently conducted
an electronic literature search using bibliographic data-
bases (PubMed, Embase, Scopus, Web of Science, and the
Cochrane Library) for articles published in English before
February 26, 2024.The search question included the follow-
ing keywords, along with their synonyms or relevant terms:
“monocyte to high-density lipoprotein ratio”OR“monocyte
count/HDL cholesterol ratio” OR“monocyte to high-density
lipoprotein” OR“monocyte/high-density lipoprotein ratio”
OR “monocyte/HDL ratio” OR “monocyte to HDL ratio” OR
“MHR” AND “acute coronary syndrome” OR“ACS" or “ST-seg-
ment elevation myocardial infarction” OR “ST-segment
elevated myocardial infarction” OR“ST-segment elevation
MI”OR“STEMI” OR “non-ST-segment elevation myocardial
infraction” OR “NSTEMI” OR “myocardial infarction” OR
“unstable angina” We included articles written in English.
We exported the search results to EndNote X6 (Clarivate,
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Figure 1. Flow-diagram of study selection

London, UK) for organization and removal of duplicate
publications. All search processes followed the PRISMA
guidelines (Figure 1).

Two review authors (MP and DS) first read the titles and
abstracts independently of the identified studies to select
those of potential relevance. Any original publications
that were cited in the systematic reviews or meta-analyses
but missed in the initial search were added if they met
our inclusion/exclusion criteria. We removed all duplicate
articles. A thorough evaluation of the full-text articles was
then performed to determine if they met all the inclusion
criteria. We resolved disputes about eligibility or inclusion
between reviewers by discussing with the senior author
and reaching a consensus.

Eligibility criteria

The inclusion criteria for selecting articles were as follows:
1) The study must evaluate the MHR values in acute coro-
nary syndrome patients; 2) the authors must evaluate the
diagnostic value of the MHR in ACS types; 3) in the context
of the prognostic value of the MHR, they must report any
measure of the patient’s survival; 4) they must provide

sufficient data to estimate risk ratios (RR) for mortality and
adverse events or standardized mean differences for MHR
values in the study groups; and 5) articles must be written
in English.

We excluded articles that were (A) reviews, letters, edi-
torials, case reports/series, or conference abstracts, and (B)
nonhuman/animal studies. In cases where studies reported
similar patients from the same institution in more than one
publication, we only included the article with the largest
sample to avoid spurious precision due to duplication.

Data extraction

Two authors (MP and DS) independently extracted data
from the selected studies into a standardized Microsoft
Excel spreadsheet. Discussion with the third reviewer (LS)
helped to resolve any disagreements. The characteristics
that were extracted from each article were as follows: data
on study characteristics (first author name, country, study
design, study groups, sample sizes), patient demographics
(baseline characteristics), MACE types (Supplementary
material, Table S1), mortality outcomes among different
follow-up periods, and MHR values. We obtained the mean
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and standard deviation or median and interquartile ranges
for continuous data and the count of patients in each cate-
gory for dichotomous variables. When the corresponding
authors did not respond to the initial email requesting more
information, they were sent two more emails.

Quality assessment

The risk of bias in each included study was independently
assessed by two investigators (MP and DS) and confirmed
by all other authors using the Newcastle-Ottawa Scale
(NOS) to independently assess bias [20]. We discussed
the scoring of inconsistencies until we reached a consen-
sus.Three broad perspectives were examined and scored in
each study. (1) For the selection of the study groups, each
study could be awarded a maximum of 4 points. (2) For
comparability between the groups, a maximum of 2 points
could be awarded for each study. (3) A maximum of 3 points
was awarded for each study. We used the conventional
cut-off values to code a NOS =7 as high, 5-6 as moderate,
and <4 as low-quality studies. Quality rating disputes were
settled through discussion.

Statistical analysis

A priori, we set a minimum requirement of >2 studies
reporting the same outcomes to perform a meta-analy-
sis, in line with the Cochrane Handbook guidance [21].
All analyses were conducted with the Review Manager
software (version 5.4, Nordic Cochrane Centre, Cochrane
Collaboration, Denmark) and STATA version 18 (Stata Corp.,
College Station, TX, US). Statistical tests were 2-sided,
with a significance level of 5%. To compare the outcomes
reported by the studies, we calculated the RRs with 95%
confidence intervals (Cls) for dichotomous data. RRs were
analyzed separately using random-effects models. When
the continuous outcome was reported as median, range,
and interquartile range, we estimated means and standard
deviations using the formula described by Hozo et al. [22].
The presence of statistical heterogeneity was assessed us-
ing the Cochran Q test. The quantification of heterogeneity
was performed using the I? statistic. Values of 0% to 24.9%,
25% to 49.9%, 50% to 74.9%, and >75% were considered
none, low, moderate, and high heterogeneity, respectively.
Publication bias was assessed by visually inspecting funnel
plots and using Egger’s test for meta-analyses with >10in-
cluded studies. Additionally, the single removal method
was applied in the sensitivity analysis to test the stability
of the results.

RESULTS

Results of study selection

We identified 2695 publications (after the removal of
duplicates), of which 2474 were excluded after screening
titles and abstracts, leaving 221 studies for full review. No
additional publications were identified through manual
searches of the reference lists. After reading the full texts,

another 210 studies were excluded for the reasons listed
in Figure 1. Finally, we included 11 studies with a total of
7421 participants in this review [23-33]. Figure 1 shows the
PRISMA diagram for the study selection.

Description of the included trials

The main characteristics of the included trials are presented
inTable 1 and Supplementary material, Table S2.The 33 in-
cluded trials were published between 1992 and 2023. Sev-
en studies were retrospective, and 4 were prospective
trials. The trials included in this study were conducted in the
following countries: 3 in China, 2 in Egypt, and 6 in Turkey.
The reviewed studies reported results from 7421 partici-
pants, with 3858 participants in the low MHR group and
3563 participants in the high MHR group. According to the
NOS, the assessment of quality studies is shown in Table 1,
and all studies were rated as high quality.

Association between MHR levels and mortality
outcomes

In-hospital mortality among low vs. high MHR levels varied
and amounted to 0.9% vs. 5.5%, respectively (RR, 0.20; 95%
Cl, 0.12-0.33; P <0.001; Figure 2). In the case of mortality
due to cardiovascular causes, the pooled results were
1.2% vs. 3.7%, respectively (RR, 0.35; 95% Cl, 0.18-0.68;
P =0.002).The pooled analysis of all-cause mortality in the
low-MHR group was significantly lower than that in the
high-MHR level group in the context of 3-month mortality
(4.4% vs. 11.2%; RR, 0.04 to 0.75; P = 0.02) as well as in the
6-month mortality follow-up (4.0% vs. 10.2%; RR, 0.08 to
0.90; P =0.03).

Five studies reported 1-year mortality among study
groups, and pooled analysis showed that a low MHR was
associated with significantly lower mortality of 4.2%,
vs. 10.2% for patients in the high MHR groups (RR, 0.34;
95% Cl, 0.21-0.54; P <0.001; Figure 3). Only one study
reported 1-year cardiovascular mortality, which was 2.7%
vs. 6.0%, for low and high MHRs, respectively (RR, 0.45; 95%
Cl,0.28-0.73; P=0.001).

Long-term follow-up mortality from any cause in
the low and high MHR groups varied and amounted to
7.5% and 13.7%, respectively (RR, 0.49; 95% Cl, 0.40-0.60;
P <0.001; Figure 4). In the context of late follow-up mor-
tality due to cardiovascular causes, mortality rates were
2.6% vs. 16.7%, respectively (RR, 0.16; 95% Cl, -0.8 to 0.31;
P <0.001) in the low and high MHR cohorts.

Association between MHR levels and adverse
events

Table 2 summarizes the adverse events. We selected
4 frames to compare adverse events: in-hospital, 3-month,
1-year, and late-term outcomes. In the context of in-hos-
pital adverse events, in five studies, the number of MACE
incidents was statistically lower in the low-MHR group
vs. the high-MHR group (3.6% vs. 8.9%; RR, 0.41; 95% Cl,
0.32-0.53; P <0.001). Pooled analysis showed a statisti-
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Figure 2. Forest plot of in hospital mortality among low and high monocyte-to-high-density lipoprotein-cholesterol ratio (MHR) patients. The
center of each square represents the risk ratios for individual trials, and the corresponding horizontal line stands for a 95% confidence inter-

val (Cl). The diamonds represent pooled results
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Figure 3. Forest plot of 1-year mortality among low and high monocyte-to-high-density lipoprotein-cholesterol ratio (MHR) patients. The
center of each square represents the risk ratios for individual trials, and the corresponding horizontal line stands for a 95% confidence inter-

val (Cl). The diamonds represent pooled results
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Figure 4. Forest plot of in long term mortality among low and high monocyte-to-high-density lipoprotein-cholesterol ratio (MHR) pa-

tients. The center of each square represents the risk ratios for individual trials, and the corresponding horizontal line stands for a 95% confi-
dence interval (Cl). The diamonds represent pooled results
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Table 2. Full characterization of adverse events

No. of Event/ Participants m Heterogeneity between trials

P-value for

differences

studies

In hospital adverse events

MACE 5 87/2400 (3.6%) 213/2399 (8.9%)
Stent thrombosis 2 23/1228 (1.9%) 55/1228 (4.5%)
Reinfarction 4 32/1386 (2.3%) 79/1290 (6.1%)
Congestve heart failure 1 1/41 (2.4%) 5/23(21.7%)
TVR 2 4/382 (1.0%) 15/364 (4.1%)
Stroke 1 0/341 (0.0%) 2/341 (0.6%)
Any bleeding 2 63/809 (7.8%) 85/809 (10.5%)
Major bleeding 1 5/468 (1.1%) 7/468 (1.5%)
3-month averse events
MACE 1 4/41 (9.8%) 17/23 (73.9%)
Reinfrarction 2 31/158 (19.6%) 23/62 (37.1%)
Congestve heart failure 1 1/41 (2.4%) 3/23(13.0%)
TVR 1 0/41 (0.0%) 1/23 (4.3%)
1-year adverse events
MACE 1 63/887 (7.1%) 124/887 (14.0%)
Stent thrombosis 1 22/887 (2.5%) 52/887 (5.9%)
Reinfarction 1 40/887 (4.5%) 69/887 (7.8%)
Any bleeding 1 70/468 (15.0%) 104/468 (22.2%)
Major bleeding 1 7/468 (1.5%) 11/468 (2.4%)
Late term adverse events
MACE 3 259/1440 (18.0%)  419/1447 (29.0%)
Reinfarction 3 55/1724 (3.2%) 145/1076 (13.5%)
Congestve heart failure 2 64/2264 (2.8%) 88/2217 (4.0%)
TVR 2 121/907 (13.3%) 190/915 (20.8%)
Stroke 2 64/2264 (2.8%) 88/2217 (4.0%)

0.41 0.32t00.53 0.35 0% <0.001
0.42 0.26 to 0.68 0.66 0% <0.001
0.26 0.12t0 0.59 0.07 63% 0.001
0.1 0.01 to 0.90 NA NA 0.04
0.27 0.27 t0 0.80 NA NA 0.02
0.20 0.01t04.15 NA NA 0.30
0.74 0.55to 1.00 0.62 0% 0.05
0.71 0.23t02.23 NA NA 0.56
0.13 0.05t00.35 NA NA <0.001
0.47 0.31t00.71 0.66 0% <0.001
0.19 0.02to0 1.70 NA NA 0.14
0.19 0.01 to 4.49 NA NA 0.30
0.51 0.38t0 0.68 NA NA <0.001
0.42 0.26 t0 0.69 NA NA <0.001
0.58 0.40t0 0.85 NA NA 0.005
0.67 0.51t00.89 NA NA 0.005
0.64 0.25t0 1.63 NA NA 0.35
0.62 0.54t00.72 0.32 13% <0.001
0.38 0.29t0 0.50 0.54 0% <0.001
0.71 0.49to 1.01 0.28 16% 0.06
0.66 0.45 t0 0.98 0.07 71% 0.04
0.71 0.49t0 1.01 0.28 16% 0.06

Abbreviations: Cl, confidence interval; MACE, major adverse cardiovascular events; MHR, monocyte-to-high-density lipoprotein-cholesterol; NA, not applicable; RR, risk ratio;

TVR, target vessel revascularization

cally lower incidence of stent thrombosis in the low-MHR
group vs. the high-MHR group (1.9% vs. 4.5%; RR, 0.42;
95% Cl, 0.26-0.68; P <0.001). The low-MHR group showed
a statistically lower incidence of reinfarction compared
to the high-MHR group (2.3% vs. 6.1%; RR, 0.26; 95% Cl,
0.12-0.59; P=0.001). Only one study reported a statistically
lower incidence of congestive heart failure in the low-MHR
group vs. the high-MHR group (2.4% vs. 21.7%; RR, 0.11;
95% Cl, 0.01-0.90; P = 0.04). The low-MHR group experi-
enced a lower incidence of target vessel revascularization
compared to the high-MHR group (1.0% vs. 4.1%, RR, 0.27;
95% Cl, 0.27-0.80; P = 0.04).

After three months, one study found that the low-MHR
group had statistically fewer MACE events than the high-
MHR group (9.8% vs. 73.9%, RR, 0.13; 95% Cl, 0.05-0.35;
P <0.001). Moreover, two studies reported a lower reinfarc-
tion rate in the low-MHR group vs. the high-MHR group
(19.6% vs. 37.1%, RR, 0.47; 95% Cl, 0.31-0.71; P <0.001).

In a pooled analysis that looked at adverse events over
a year, the low-MHR group had statistically fewer MACE
events than the high-MHR group (7.1% vs. 14.0%, RR, 0.51;
95% Cl, 0.38-0.68; P <0.001). Moreover, there was a statisti-
cally lower incidence of stent thrombosis in the low-MHR
group vs. the high-MHR group (2.5% vs. 5.9%, RR, 0.42; 95%
Cl, 0.26-0.69; P <0.001).

DISCUSSION
Compared to the previously published meta-analyses,
our study included patients diagnosed with ACS and
more studies (Figure 5), especially those published after
2020 [34]. Nevertheless, the majority of studies included in
our meta-analysis aimed at understanding the predictive
properties of ST-segment elevation myocardial infarction
(STEMI). This seems to be justified, as in STEMI patients,
myocardial damage and microvascular obstruction are
usually greater.This may translate into increased activation
of pro-inflammatory mechanisms and a higher MHR value,
which would then be easier to observe in clinical practice
and research [2, 35, 36]. The MHR biomarker is sometimes
compared to other biomarkers derived from leukocytes, in
particular, the neutrophil to lymphocyte ratio (NLR). Inter-
estingly, compared to other biomarkers, e.g., the NLR [37],
the MHR seems to have worse predictive properties. Chen
et al. [38] showed that an increased NLR is associated with
shorter overall survival in patients with idiopathic pul-
monary fibrosis, while platelet to lymphocyte ratio (PLR)
and MHR did not show significance in this group. Also,
in patients with central retinal artery occlusions, the NLR
indicates a higher value than the MHR or PLR [39]. Signifi-
cant observational studies, including a nationwide cohort,
show that the MHR may also be a predictor of all-cause
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and cardiovascular mortality in the general population,
regardless of established cardiovascular risk factors [40].

The results of our meta-analysis are similar to those
published by Liu et al.[18], which showed that an increased
MHR is associated with long-term mortality and the occur-
rence of long-term MACEs in patients with coronary heart
disease [16]. Sun et al. [1] did a meta-analysis of ACS and
found that a higher MHR value was linked to a higher risk of
MACEs and all-cause mortality. This finding was maintained
even when the most common confounding factors were
taken into account, especially in STEMI patients [1]. In the
context of the prognostic properties of severe coronary
artery stenosis in STEMI patients, in addition to thr MHR,
the neutrophil-to-high-density lipoprotein cholesterol
ratio also showed good predictive properties, including
MACEs. This opens potential directions for further research
into the development of new biomarkers, in which one
of the components is based on leukocytes (in this case,
monocytes) and the other on HDL-C [41]. The MHR may
also be a predictor of increased cardiovascular risk and
allow the identification of patients at risk of cardiovascular
complications, which is particularly important in patients
with other identifiable risk factors, e.g., type 2 diabetes. At
this point, Chen et al. [42] showed that the MHR can be
a predictive indicator of the presence and/or progression
of asymptomatic carotid atherosclerosis in patients with
type 2 diabetes.

The directions for further research mentioned by Vil-
lanueva (in the meta-analysis published in 2020) remain
relevant [34]. Prospective studies should be conducted

to evaluate the relationship between the MHR and ACS
occurrence. Also, prospective randomized trials to deter-
mine if commonly accepted interventions for reducing
cardiovascular risk will lead to a MHR reduction (and MACE
reduction).The direction of such research seems important
considering the study published by Tani et al. [43], which
showed that an increase in fish consumption is associated
with areduced MHR value, as are health-promoting behav-
iors (such as sleep duration or a reduction in smoking of
tobacco products).

Limitations of the study

The first major limitation of our work was that a “high”
and “low” MHR were defined differently in the studies in-
cluded in this meta-analysis (see Supplementary material,
Table S3). Unfortunately, based on the data we have, it is
impossible to determine the cut-off point, i.e., above what
MHR value the risk of MACE or cardiovascular mortality
increases. Prospective validation studies are necessary to
definitively determine the prognostic utility of a specific
cut-off in clinical practice.

Another limitation may be the unequal geographical
representation of studies included in the meta-analysis;
a large number of studies were performed in China. The
heterogeneity of the included studies and the follow-up
duration also require a careful approach to the results of
our meta-analysis. Moreover, when assessing the useful-
ness of the data, it should be noted that the number of
cardiovascular events was relatively low compared to the
expected number resulting from the epidemiological esti-
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mation. Other clinically significant information is missing,
e.g., cardiovascular disease mortality after 3 and 6 months.

CONCLUSIONS

This meta-analysis remains relevant to clinical practice. The
MHR has both good predictive properties for mortality and
short-and long-term MACE. Our data indicate that the MHR
may improve in-hospital and long-term cardiovascular risk
prediction. It may, therefore, be an effective tool for risk
re-estimation and selection of patients for whom intensive
lipid-lowering treatment may be particularly useful.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/polish_heart_journal.
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ABSTRACT

Background: The role of Cystatin C (CysC) in the diagnosis and prognosis of cardiovascular
disease, particularly acute coronary syndrome (ACS), is increasingly significant. The goal of
this meta-analysis was to assess the diagnostic and prognostic value of CysC in patients with
ACS, as well as its association with Major Adverse Cardiovascular Events (MACE), defined

as mortality, myocardial infarction, heart failure, and stroke.

Methods: We performed a systematic review and meta-analysis. Using PubMed, Web of
Science, Cochrane Library, and Embase, we conducted a literature review of cohort and case
control studies reporting MACE and using the terms ACS and Cystatin C, excluding studies
published after August 1, 2024. We conducted the meta-analysis using a random effects

model.

Results: CysC concentrations were significantly higher in patients with ACS compared to
controls (MD = 0.36, p<0.001), and in AMI vs. unstable angina (MD = 0.18, p<0.001). No
significant differences were observed between STEMI and NSTEMI. Patients with MACE
had higher CysC levels than those without (MD = 0.25, p<0.001). Hospital survivors had
lower CysC levels compared to those who died (MD = -0.25, p<0.001). Higher CysC
concentrations were associated with increased risks of MACE, cardiac death, overall

mortality, myocardial reinfarction, and stroke, both during hospitalization and beyond.

Conclusions: CysC is a promising biomarker for both diagnosis and prognosis in patients
with ACS, especially in the context of predicting MACE, mortality and heart failure risk. The
use of CysC may improve risk stratification and support therapeutic decision-making in

clinical practice.
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1. INTRODUCTION

For many years, we have observed the growing role of biomarkers in medicine, both in the
context of diagnostics and prognostics, as well as in predicting treatment responses.
Implementing new biomarkers in research and clinical practice allows for early risk
stratification, enabling the identification of patients for whom early intervention can prevent
poor outcomes [1 — 4]. As Robert M. Califf rightly points out, only validated biomarkers can
be useful in the regulatory process and used in clinical trials as surrogates for hard endpoints.
Therefore, new biomarkers require extensive research, including meta-analyses due to the
diversity of research designs, to facilitate decisions about the further development of a
particular biomarker. In practice, this translates into differentiating between promising
biomarkers for clinical application and those whose further development, according to the

best knowledge, is not a priority [5].

Historically Cystatin C (CysC) has been primarily recognized as a biomarker for estimating
glomerular filtration rate (GFR). Its significance in nephrology is steadily increasing due to its
advantages over traditional equations for estimating GFR. Notably, calculations based on
CysC do not require adjustments for race, which is leading to its more widespread adoption as
a routine measure for evaluating kidney function [6]. Lees et al. emphasized that further
promotion of the routine use of CysC enables greater precision in the diagnosis of kidney
diseases and reduces disparities among patients [7]. CysC is useful not only in monitoring
chronic kidney disease but also in identifying acute kidney injury among hospitalized patients

[8].
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Importantly, the utility of CysC, may extend beyond nephrology. Jung et al., in their CysC
meta-analysis that included 13 prospective cohort studies with a total of 57,214 participants.
They demonstrated that an elevated CysC, an extracellular inhibitor of cysteine proteinases, is
associated with an increased risk of all-cause and cardiovascular mortality in general
populations [9]. Furthermore, research is ongoing as to the potential diagnostic properties of
CysC in preeclampsia [10]. CysC is also a promising biomarker for cancer-related fatigue
(CRF), particularly as it belongs to the less-studied category of non-inflammatory biomarkers
[11]. Ding et al. also outlined other potential applications of CysC in oncology, including its
possible prognostic properties in renal cell carcinoma. Elevated concentrations of CysC
correlated with poorer prognosis; however, as Ding et al. emphasized, CysC could not

differentiate between localized and metastatic disease [12].

It is, therefore, not surprising that the use of CysC is being explored in the context of
cardiovascular diseases. Pei-Chun Fan et al. identified CysC as a potentially useful biomarker
for assessing the risk, progression, and even pathophysiology of cardiorenal syndrome type I
(CRS I). This condition involves acute kidney injury resulting from worsening cardiac muscle
dysfunction, and decompensated heart failure, and also occurs as the consequence of acute
coronary syndrome (ACS). Early detection of acute cardiorenal syndrome allows for
therapeutic interventions that can improve patient prognosis [13]. CysC may also allow for
assessing cardiovascular risk among patients with chronic kidney disease, enabling

stratification and confirming its prognostic utility in this patient cohort [14].

A meta-analysis conducted by Jin et al. provided evidence of the prognostic value of CysC
among patients with ACS. Patients with elevated concentrations of CysC, compared to those

with lower concentrations, were at higher risk for major cardiovascular events (MACE) and
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all-cause mortality. Importantly, the statistical significance remained even after adjusting for
renal function markers in the model [15]. Einwoegerer et al. also demonstrated that an
elevated level of CysC is associated with an increased risk of cardiovascular events and
elevated mortality, even among patients with normal kidney function. These conclusions from
the aforementioned meta-analyses align with the results of another study, a meta-analysis
conducted by Sun et al. [16]. In addition, Yang et al. demonstrated that elevated
concentrations of CysC correlate with a higher risk of vascular events among patients with
established coronary artery disease (CAD) [17]. While all these findings are promising
regarding the role of CysC, as noted by Angelidis et al., many areas require further research.

Ultimately, little is known about the mechanism by which CysC increases cardiovascular risk,
and its consistently strong prognostic properties among patients with normal kidney function
suggest that an explanation based solely on renal impairment is insufficient. The methods for
measuring this biomarker also require further validation. Moreover, cost-effectiveness will
influence its widespread adoption. Thus, there remains a pressing need for in-depth studies to

provide additional evidence of its clinical utility in routine settings [18].

Taking all of the above into consideration, the aim of this meta-analysis was to evaluate the
diagnostic utility of CysC in patients with ACS. Additionally, the study assessed the predictive
value of CysC in relation to major adverse cardiovascular events (MACEs), overall mortality,
and other cardiovascular outcomes such as heart failure, myocardial infarction, and stroke,
which were considered as potential endpoints. By synthesizing the available evidence, this
meta-analysis aimed to clarify the diagnostic and prognostic role of CysC as an emerging

biomarker in the management of patients with ACS.

2. METHODS
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2.1. Protocol and registration

This systematic review and meta-analysis was prospectively registered with PROSPERO
International Prospective Register of Systematic Reviews (PROSPERO identifier
CRD42024575092) and reported in accordance with the Preferred Reporting Items for a

Systematic Review and Meta-analysis (PRISMA) guidelines [19] (Supplementary Table 1).

2.2. Search strategy

We conducted a search of the PubMed, Web of Science, Cochrane Library, and Embase
databases using the PRISMA guidelines. Retrieval time was limited from inception until
August 1st, 2024. Literature was limited to English. The search strategies were performed
through a combination of Mesh terms and free words as follows: “cystatin C” OR “Cys-C”
OR “CysC” AND “acute coronary syndrome” OR “ACS” or “ST Segment Elevation
Myocardial Infarction” OR “ST Elevated Myocardial Infarction” OR “ST-elevation MI” OR
“STEMI” OR “non-ST elevation myocardial infraction” OR “NSTEMI” OR “myocardial
Infarction” OR “unstable angina”. We also identified additional studies by searching the
reference lists of the included studies, previous relevant narrative reviews, and systematic

reviews.

2.3. Eligibility criteria

The inclusion criteria were: (1) patients aged >18 years; (2) studies reporting sufficient
information about CysC concentrations among ACS and healthy patients (at baseline);
(3) outcomes: that included functional recovery, cognitive dysfunction, death, hemorrhagic
transformation, vascular events, depression, and recurrence; (4) cohort studies or case-control

studies; and (5) studies published in English.
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Studies meeting 1 of the following criteria were excluded: 1) duplicated publication;
(2) study protocols; (3) cell or animal experiments; (4) incomplete or inaccessible data, (5) not
matching the topic; (6) abstracts without full text; (7) no relevant outcomes; and (8) reviews
or meta-analyses, conference abstracts, case reports, and letters.

The references cited in identified publications were also searched to locate additional
studies. Figure 1 (PRISMA Flow Diagram) depicts the publications identified during the

search process.

2.4. Data extraction

After importing the searched articles into the reference management software Endnote X9, the
title and abstract were read to rule out the irrelevant studies after removing duplicates. We
independently extracted and assessed data in duplicate, with discrepancies addressed through
discussion or third-party consensus. Subsequently, the relevant information was extracted: (1)
study details: the first author, publication year, country of origin, study type, inclusion criteria,
exclusion criteria, primary outcomes, findings; (2) subject’s information: study group,
population number, age, sex; (3) main outcomes: CysC concentrations, adverse event
occurrence (e.g., major cardiovascular event (MACE)(Supplementary Table 2), cardiac
death, myocardial infarction, and target vessel revascularization (TVR)). In addition, when
studies did not provide relevant data but gave bar charts or curve graphs, the corresponding
results were extracted by the image digitization software GetData Graph Digitizer 2.26. Two
authors (M.P. and D.S.) performed these processes independently, with a third author (L.S.)
participating in the discussion if there was a disagreement. When the continuous outcome was
reported as median, and interquartile range, we estimated means and standard deviations

using the formula described by Hozo et al. [20].

10
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2.5. Assessment of risk of bias

Two authors (M.P. and D.S.) independently assessed the risk of bias in each included study
using the Newecastle-Ottawa Scale (NOS). NOS consists of eight questions with three
domains: selection, comparability, and exposure, and each question gives values in the form
of stars [21]. When the number of stars reaches nine, it indicates a good methodological
quality compared to the main biases of the case-control studies. Consensus resolved

disagreements in risk of bias assessment.

2.6. Statistical analysis

We performed statistical analyses using the STATA software version 14.0 (Stata Corp.,
College Station, TX) and the Review Manager software version 5.4 (Nordic Cochrane Centre,
Cochrane Collaboration, Denmark). We set the significance at 2-tailed p-values of 0.05. We
reported the outcomes as pooled odds ratios (ORs), risk ratios (RRs), standard differences
(MDs), and the corresponding 95% confidence intervals (95% Cls). We performed all meta-
analyses using a random-effects model, anticipating substantial heterogeneity between the
study results. The random effects model tends to give a more conservative estimate with a
wider 95% CI. We then evaluated the heterogeneity using the Cochrane Q test and the I*
statistic. We defined low heterogeneity as an I° value of less than 50%, intermediate
heterogeneity as between 50% and 75%, and high heterogeneity as >75%, respectively. We
used Egger's test and funnel plots to check for potential bias, and funnel plot tests for
asymmetry were used to assess potential publication bias if there were more than ten trials in
a single meta-analysis. Finally, we conducted a leave-one-out analysis during the sensitivity

analyses.

2.7. Ethical approval statement
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It was not necessary to obtain approval from the institutional review board. The ethical
standards regulating this investigation conform to the recognized recommendations for
systematic reviews and meta-analyses. We followed a registered procedure for the study and

employed a transparent search and analysis method to prevent selective reporting.

3. RESULTS

3.1. Summary of included trials

The search yielded 1,683 records, of which 1049 duplicates were removed. A total of 634
studies were excluded after title and abstract sieve, with 122 studies selected for full text
review. A final total of 59 studies, of 43,189 patients, were included in this meta-analysis (S1
— S59). A graphical representation of the origin of the studies included in the meta-analysis is
shown in Figure 2. A summary of the included articles can be found in Supplementary Table

3.

3.2. Cystatin C concentrations meta-analysis
Pooled analysis of CysC concentrations varied between the following groups: ACS vs
controls (1.44+0.72 vs. 1.01+0.38, respectively; MD = 0.36; 95%CI: 0.25 to 0.48; p<0.001;
Figure 3), AMI vs. unstable angina pectoris (1.48+0.71 vs. 1.43+0.74; MD = 0.18; 95%CI:
0.08 to 0.29; p<0.001; Figure 4), AMI vs. controls (1.47+0.58 vs. 1.00+0.31; MD = 0.42;
95%CI: 0.15 to 0.69; p=0.002; Figure S1), STEMI vs. controls (1.19+0.5 vs. 0.99+0.28; MD
= 0.28; 95%CI: 0.06 to 0.49; p=0.01; Figure S2), and NSTEMI vs. controls (1.07+0.47 vs.
0.98+0.29; MD = 0.48; 95%CI: 0.04 to 0.92; p=0.03; Figure S3).

There were no significant differences in CysC concentrations between STEMI vs.

NSTEMI (1.23£0.43 vs. 1.18+0.5; MD = 0.01; 95%CI: -0.08, 0.10; p=0.82; Figure S4).
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Nineteen studies reported CysC concentrations in patients with and without MACE.
Pooled CysC concentrations in the group with MACE were 1.26 (0.47) and were higher than
in patients without MACE (0.98 (0.27; MD = 0.25; 95%CI: 0.19, 0.31; p<0.001; Figure 5).

Pooled analysis of six studies showed that CysC concentrations were lower in patients
who survived vs. those who died in the hospital (0.92 (0.23) vs. 1.38 (0.47); MD = -0.25;

95%CI: -0.26, -0.24; p<0.001; Figure 6).

3.3. Meta-analysis of low vs. high concentrations of Cystatin C

Our results indicate significant clinical differences between groups with low and high CysC
concentrations (Table 1). For MACE, the relative risk (RR) during hospitalization was 0.45
[0.31-0.66], p < 0.001 and was similar after 12 months, 0.43 [0.30-0.61], p < 0.001, and
beyond, 0.39 [0.24-0.64], p < 0.001. For cardiac death, the RR during hospitalization was
0.18 [0.08-0.41], p < 0.001, and persisted beyond 12 months, 0.25 [0.19-0.32], p < 0.001.
Regarding overall mortality, the RR during hospitalization was 0.27 [0.13-0.58], p < 0.001,
and was similar beyond 12 months, 0.25 [0.16-0.38], p < 0.001. For myocardial reinfarction,
the RR at 12 months was 0.58 [0.36—0.91], p = 0.02, and the risk of stroke beyond 12 months

was also lower in the low CysC group (RR 0.54 [0.39-0.74], p < 0.001).

4. DISCUSSION

This study demonstrated that patients with ACS had significantly higher CysC concentrations
compared to healthy controls. Patients_with AMI; either STEMI or NSTEMI exhibited
significantly elevated CysC concentrations when compared to healthy individuals. A
significant difference was also observed between patients with AMI and those with Unstable
Angina (UAP). However, CysC concentrations did not significantly differentiate between

patients with STEMI and NSTEMI. Overall, these findings suggest that elevated CysC
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concentrations may be associated with the occurrence of ACS and could be useful in
differentiating between certain ACS subtypes, such as AMI and UAPbut it cannot differentiate

STEMI from NSTEMI.

In the context of clinically important findings, the meta-analysis further revealed that
comparing low versus high CysC concentrations can be useful in predicting the potential
occurrence of MACEs and cardiac death, both in hospital settings and beyond 12 months.
High CysC concentrations were also associated with higher overall mortality, both in-hospital
and exceeding 12 months. Additionally, the risk of myocardial reinfarction was higher among
patients with elevated CysC concentrations at 12 months and beyond. Furthermore, higher
CysC was linked to an increased risk of heart failure, both in-hospital (RR = 0.29; p < 0.001)
and over longer follow-up periods (RR = 0.22; p < 0.001). These findings indicate that CysC

could be a valuable biomarker for risk stratification in ACS patients.

The findings of our meta-analysis align with the conclusions drawn by Einwoegerer et al.,
who observed that elevated CysC concentrations in patients with normal renal function are
associated with an increased risk of mortality and cardiovascular events [22]. Similarly, Luo
et al. reached comparable conclusions [23]. In a meta-analysis conducted by Lee et al., which
included 22,509 subjects from the general population and 2,321 subjects with established
cardiovascular history, it was demonstrated that elevated CysC is associated with an increased
risk of cardiovascular events and coronary heart disease, even after accounting for other well-
established cardiovascular risk factors [24].

Other meta-analyses lead to similar conclusions [15, 16]. However, the aforementioned meta-
analyses were limited in the number of studies they included and were published a

considerable time ago. Given the significantly larger number of studies included in our
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analysis, there is a justified need for further research to more comprehensively explore the
primary data. Finally, in the context of discussing the potential prognostic utility of CysC, it is
important to highlight a 2022 meta-analysis, which showed that elevated CysC is linked to a
higher risk of MACE and increased mortality among patients following AMI after undergoing

percutaneous coronary intervention [9].

Moreover, the utility of CysC in cardiovascular medicine extends beyond ACS. Chen et al.
conducted a meta-analysis among patients with heart failure, demonstrating that elevated
CysC is linked to an increased risk of all-cause mortality. Notably, unlike earlier meta-
analyses, they found that higher CysC was directly associated with an increased risk of
reaching a composite endpoint that included both mortality and rehospitalization. This
observation is consistent with our meta-analysis, which strongly emphasizes that elevated
CysC is associated with an increased risk of heart failure, both during hospitalization and in
long-term follow-up. When interpreting the results of the meta-analysis by Chen et al., it is
important to consider that the study population exhibited significant heterogeneity due to the

complex and varied potential causes of heart failure [25].

Ultimately, our meta-analysis is consistent with the findings of Yang et al., which found that,
when comparing high versus low CysC, patients with the highest results concentrations have
an increased risk of all-cause mortality, cardiovascular mortality, and total adverse vascular
events. However, while Yang et al. did not address time points in their analysis, our study
highlights that elevated CysC concentrations are associated with increased overall mortality
specifically in hospital settings and beyond the 12-month indexed point. A similar timeframe

is observed for cardiac death [17].
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It is pertinent to question whether CysC offers advantages over well-established diagnostic
and prognostic biomarkers in ACS. Unfortunately, it is too early to answer this question
definitively, partly due to the absence of a clear cut-off value. Clinical validation of a
biomarker is a complex process that first requires the selection of a gold standard biomarker,
which is not always straightforward, especially for prognostic markers. Additionally, more
standardized protocols for conducting prospective studies are needed, which should not be
guided solely by the feasibility of the research. There is also a need to effectively transition
from retrospective observations to a prospective research approach. CysC may prove
clinically useful at the intersection of nephrology and cardiology and could be valuable in
cardiovascular risk stratification among patients with impaired renal function. This specific

patient sub-population may represent a potential niche for the application of this biomarker.

When interpreting the results of our meta-analysis, several limitations should be considered.
First, meta-analyses rely on literature searches, so biases related to search strategies, search
processes, and database access cannot be excluded [26]. Additionally, meta-analyses depend
on data reported in published articles without access to individual patient data. The literature
provides limited information on the cut-off concentrations used for risk stratification.
Furthermore, although some studies have adjusted for known risk factors, the potential
influence of variables such as age or certain behavioural habits, such as smoking, on elevated

CysC results cannot be ruled out.

5. CONCLUSIONS
Overall, this meta-analysis reveals that elevated CysC is strongly linked to a higher risk of

MACE, cardiac death, all-cause mortality, myocardial reinfarction, and heart failure in
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patients with ACS. However, the utility of CysC as a predictive marker for stroke in the short
term, and for TVR, appears to be limited. These findings highlight the significant potential of
CysC as both a diagnostic and prognostic biomarker in the management of ACS, suggesting
its incorporation could enhance risk stratification and inform therapeutic decision-making in

clinical practice.
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Figure 1. PRISMA flow chart of the included studies.

Figure 2. A graphical representation of the origin of the studies included in the meta-analysis.

Figure 3. Forest pot demonstrating cystatin C concentrations among ACS and Control groups.

Figure 4. Forest pot demonstrating cystatin C concentrations among AMI and UAP groups.
Figure 5. Forest pot demonstrating cystatin C concentrations among patient with and without
major advance cardiovascular event occurrence (MACE).

Figure 6. Forest pot demonstrating cystatin C concentrations among survived vs. decreased
patients.

Table 1. Pooled analysis of outcomes among low and high cystatin C concentration.
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Table 1. Pooled analysis of outcomes among low and high cystatin C concentration.
Events / Participants Heterogeneit
° betweegn Trialz P Yalue for
No. of . RR 2 Difference
Outcome studies Low High [95%Cl] ! S across
CysC CysC ° p-Value Statisti
c Groups
MACE
In-hospital 42/686 68/512 0.45 o
3 (6.12%) | (13.28%) | [0.31, 0.66] 0.53 0% <0.001
1 month 68/573 92/427 0.55 o
2| (11.87%) | (21.55%) | [0.30, 1.01] 0.04 76% 0.05
12 months : 144/1332 318:/3137 0.43 o007 1o <0001
(10.81%) (23.16%) [0.30, 0.61] ‘ ° ‘
>12 months ; 417/4073 875;402 0.39 <0001 s <0001
(10.24%) (21.72%) [0.24, 0.64] ' ? '
Cardiac death
In-hospital 7/750 26/598 0.18 o
4 (0.93%) | (4.35%) | [0.08,0.41] 0.96 0% <0.001
1 month 7/573 29/427 0.15 o
2 (1.22%) | (6.79%) | [0.07,0.32] 0.66 0% <0.001
12 months 6/468 23/479 0.27 o
2 (1.28%) (4.8%) [0.11, 0.65] 0.74 0% 0.004
> 12 months 289/320
3 78/35081 0 0.25 0.44 0% <0.001
(2.18%) (9.03%) [0.19, 0.32]
Overall mortality
In-hospital 69/4669 | 96/2065 0.27 o
é (1.48%) | (4.65%) | [0.13,0.58] 0.04 >7% <0.001
12 months 18/616 101/632 0.18 o
3 (2.92%) | (15.98%) | [0.11, 0.29] 0.8 0% <0.001
> 12 months , 209/5895 7062551 0.25 <0001 . <0001
(3.55%) (12.81%) [0.16, 0.38] ' ? '
. (o]
Ml reinfarction
In-hospital 26/750 24/598 0.76 o
4 (347%) | (4.01%) | [0.43,1.34] 0.62 0% 0.34
12 months 27/552 47/558 0.58 o
3 | (a89%) | (8.42%) | [0.36,0.91] 0.48 0% 0.02
> 12 months , 232/3661 3232361 0.71 o5 o <0001
(6.34%) (8.94%) [0.60, 0.83] ' ? '
Heart failure
In-hospital 18/455 36/297 0.29 o
2 (3.96%) | (12.12%) | [0.17,0.50] 0.40 0% <0.001
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12 months 9/743 60/764 0.16 o
3 (1.21%) | (7.85%) | [0.08,0.33] 0.62 0% <0.001
> 12 months ; 69/4073 313;402 0.92 <0001 . <0001
o . (o] .
(6.34%) (7.77%) [0.09, 0.50]
Stroke
In-hospital 3/493 2/330 0.85 o
3 0.61%) | (0.61%) | [0.05, 14.35] 0.18 a4% 0.91
12 months 5/504 8/523 0.65 o
2 0.99%) | (153%) | [0.21,1.97] 0.97 0% 0.45
> 12 months , 58/3057 106{3300 0.54 063 o <0001
o . (o] .
(1.89%) (3.52%) [0.39, 0.74]
TVR
> 12 months ; 180/1159 2031115 0.66 <0001 . o1
o . (o] .
(15.53%) (17.64%) [0.32, 1.38]
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-.g Records removed before
o Records identified from: ) screening:
% Databases (n = 1683) Duplicate records removed
@ (n=1049)
a2
Primary screening of title and
abstract > (Rnezcog1d2s)excluded
(n=634)
Reports sought for retrieval Reports not retrieved
—>
2 (n=122) (n=0)
i
@
: I
Q
n
Full-text articles screening Repars excluded - ba):
Bl o > —  » Relevant data could not be
for eligibility (n = 122) obtained / abstracts (n = 46)
Reviews or conference
(n=9)
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ACS Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abed 2020 1.4 1 102 0.5 0.26 94 6.0% 0.90 [0.70, 1.10] —
de Hoog 2012 1.16 0.05 140 1.13 0.06 331 7.3% 0.03 [0.02, 0.04] r
Fu 2018 1.69 0.84¢ 699 1.56 0.62 93 6.6% 0.13 [-0.01, 0.27] [
Ge 2009 2.08 0.95 126 1.51 0.41 34 5.8% 0.57 [0.35, 0.79] —
Huang 2019 1.42 0.46 184 124 0.3 46 6.9% 0.18 [0.07, 0.29] b
Le 2023 1.02 0.23 104 0.82 0.21 35 7.1% 0.20[0.12, 0.28] Sl
Lodh 2013 1.47 0.94 150 0.9 0.17 150 6.5% 0.57 [0.42, 0.72] -
Ma 2020 1.28 0.22 96 0.9 0.21 20 6.9% 0.38 [0.28, 0.48] e
Nato 2005 091 026 122 0.9 0.24 61 7.1%  0.01 [-0.07, 0.09] & &
Pan 2021 1.19 031 361 1.12 0.2 119 7.2% 0.07 [0.02, 0.12] i
Shaker 2020 1.38 1 136 05 0.2 94 6.3% 0.88 [0.71, 1.05] b
Shen 2022 1.56 0.47 65 1.08 0.42 30 6.1% 0.48 [0.29, 0.67] .
Tayeh 2012 1.84 0.78 75 0.99 0.16 75 6.2% 0.85 [0.67, 1.03] m—
Yan 2017 1.17 0.21 70 0.78 0.07 50 7.2% 0.39[0.34, 0.44] L3
Zhang 2017 1.33 0.43 195 1.3 0.35 39 6.7%  0.03[-0.10, 0.16] )
Total (95% CI) 2625 1271 100.0% 0.36 [0.25, 0.48] @
Heterogeneity: Tau® = 0.05; Chi? = 547.83, df = 14 (P < 0.00001); I* = 97% _11 ) i 2:
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Test for overall effect: Z = 3.40 (P = 0.0007)
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Favours [AMI] Favours [UAP]

Page 29 of 51 2024-09-21
AMI UAP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% Ci IV, Random, 95% CI
Chen 2021 16 0.6 197 1.3 0.7 237 11.5% 0.30[0.18, 0.42] =
Fu 2018 1.96 0.81 135 1.62 0.84 564 10.6% 0.34 [0.19, 0.49] .
Ge 2009 2.87 1.15 36 2.01 0.63 56 4.4% 0.86 [0.45, 1.27] —
Le 2023 1.12 0.22 37 1.03 0.22 36 12.1% 0.09 [-0.01, 0.19] [
Ma 2020 1.32 0.21 71 1.18 0.21 25 12.2% 0.14 [0.04, 0.24] =
Noto 2005 0.85 0.23 61 0.97 0.27 61 12.4% -0.12 [-0.21, -0.03] -
Shen 2022 1.71 0.35 35 1.38 0.53 30 8.5% 0.33 [0.11, 0.55] —
Tayeh 2012 1.89 0.71 56 1.63 0.99 19 3.5%  0.26 [-0.22, 0.74] —
Zhang 2017 1.38 0.51 112 1.26 0.27 83 11.8% 0.12 [0.01, 0.23] —
Zhang 2021 1.02 0.27 198 0.95 0.26 98 13.0% 0.07 [0.01, 0.13] ol
Total (95% CI) 938 1209 100.0% 0.18 [0.08, 0.29] &
Heterogeneity: Tau® = 0.02; Chi* = 62.51, df = 9 (P < 0.00001); I = 86% s + % { 3
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Test for overall effect: Z = 8.64 (P < 0.00001)
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Favours [MACE+] Favours [MACE-]

Page 30 of 51 2024-09-21
MACE + MACE - Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abid 2016 1.19 0.4 32 1.01 0.35 95 4.4% 0.18 [0.02, 0.34] iRk
Ge 2009 2.36 0.89 26 1.47 0.57 22 1.4% 0.89[0.47, 1.31]
Grufman 2018 1.32 0.11 75 1 0.06 449 6.6% 0.32 [0.29, 0.35) .
Kallel 2012 0.94 0.07 66 0.79 0.03 1761 6.6% 0.15[0.13, 0.17] .
Kaski 2010 1.01 0.22 54 0.94 0.05 556 6.2% 0.07 [0.01, 0.13] =
Kilic 2009 1.53 0.39 42 0.94 0.09 118 5.1% 0.59[0.47, 0.71) e 2
Lopez-Cuenca 2013 1.08 0.09 25 0.91 0.06 248 6.5% 0.17[0.13, 0.21] =
Ma 2020 1.33 0.14 35 1.25 0.2 61 6.1% 0.08 [0.01, 0.15] Bl
Mao 2019 1.05 0.21 50 0.9 0.05 372 6.2% 0.15 [0.09, 0.21) »
Obeid 2020 1.21 0.49 192 0.98 0.37 1640 6.0% 0.23 [0.16, 0.30] e
Shantsila 2015 1.04 0.22 16 0.99 0.08 32 5.3% 0.05 [-0.06, 0.16] o
Shlipak 2008 143 0.89 142 1.05 0.32 837 4.6% 0.38[0.23, 0.53] —
Silva 2012 0.86 0.23 20 0.73 03 133 5.2% 0.13 [0.02, 0.24] [
Sun 2012 1.37 0.43 95 1.21 0.39 510 5.6% 0.16 [0.07, 0.25] -
Vaduganathan 2019 1.28 0.24 621 1.14 0.21 4759 6.6% 0.14 [0.12, 0.18) o
von Jeinsen 2017 1 01 63 0.7 0.03 1741 6.6% 0.30[0.28, 0.32] ¥
Wasyanto 2023 1.43 0.89 10 076 0.7 30 0.8% 0.67 [0.06, 1.28]
Wei 2013 1.69 0.76 70 1 0.46 169 3.8% 0.69 [0.50, 0.88] —
Widera 2013 1.35 0.14 78 094 0,06 1068 6.5% 0.41[0.38, 0.44] "
Total (95% CI) 1712 14601 100.0%  0.25 [0.19, 0.30] ¢
Heterogeneity: Tau® = 0.01; Chi® = 511.64, df = 18 (P < 0.00001); I = 96% F —=1 3 ]f_ 2{
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Test for overall effect: Z = 5.45 (P < 0.00001)
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Favours [Survive] Favours [Dead]

Page 31 0of 51 2024-09-21
Survive Dead Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Abid 2016 096 0.27 121 1.21 0.36 6 9.8% -0.25[-0.54, 0.04] r
Bai 2021 1.2 0.1 420 1.65 0.25 69 21.2% -0.45[-0.51, -0.39] -
Eggers 2010 1.14 0.04 353 1.47 0.08 92 22.2% -0.33[-0.35,-0.31] =
Flores-Blanco 2016 0.87 0.05 318 126 0.3 31 19.1% -0.39[-0.50, -0.28] -
Keller 2009 0.79 0.03 1761 0.94 0.07 66 22.2% -0.15[-0.17, -0.13] L]
Pfecek 2018 0.97 0.38 633 165 1.17 26 5.5% -0.68[-1.13, -0.23]
Total (95% CI) 3606 290 100.0% -0.34 [-0.46, -0.22] &
Heterogeneity: Tau? = 0.02; Chi* = 273.40, df = 5 (P < 0.00001); I’ = 98% _51 5 1 2:
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Diagnostic and Prognostic Value of Cystatin C in Acute Coronary Syndrome:
An Up-to-date Meta-Analysis

Supplementary Digital File

CONTENT:

Table S1. PRISMA checklist............coiiiiiiiiiiiiiiiiiiiiiinicettnncett e eie e eese s saese s s 2
Table S2. Major adverse cardiovascular event (MACE) definition across studies............cccocureunnee. 5
Table S3. Baseline characteristics of include............ccccoiiiiiiiiiiiiiiiiiitittt e 7
Publications list included in Meta-analysis......ccccccceeiiimreiiiiiiniiicieerrreeeeeeeerreeeeeeereeeersneseseneesnes 15
Figure S1. Forest pot demonstrating cystatin C concentrations among AMI and Control groups. 20

Figure S2. Forest pot demonstrating cystatin C concentrations among STEMI and Control groups.
Figure S3. Forest pot demonstrating cystatin C concentrations among NSTEMI and Control

=4 {0 11| 13PN 20
Figure S4. Forest pot demonstrating cystatin C concentrations among STEMI and NSTEMI groups.
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Abstract: Background/Objectives: We investigated the potential diagnostic role of galectin-3 (Gal-3)
in patients presenting with suspected acute coronary syndromes (ACS). Methods: We searched
PubMed Central, Scopus, EMBASE, and the Cochrane Library from inception until 20 June 2024. We
measured effect sizes using odds ratios (OR) with 95% ClIs for dichotomous data and mean differences
(MD) with ClIs for continuous data. Random synthesis analysis was performed if 12 was less than
50% or Q test p values were less than 0.05. Otherwise, a fixed pooled meta-analysis was performed.
Results: The meta-analysis includes 15 eligible studies. Gal-3 levels were substantially higher in the
ACS group (12.84 & 8.48 ng/mL) compared to the control group (7.23 £ 6.05 ng/mL; MD = 3.89;
95% CI: 2.83 to 4.95; p < 0.001). Gal-3 levels in acute myocardial infarction (AMI) and control groups
differed (10.09 % 8.16 vs. 4.64 £ 3.07 ng/mL, MD = 4.30; 95% CI: 0.41 to 8.18; p < 0.001). Statistical
analysis revealed significant differences in Gal-3 levels between ST-elevated myocardial infarction
(STEMI) and control groups (10.62 + 7.34 vs. 5.54 + 2.96 ng/mL; MD = 5.54; 95% CI: 3.12 to 7.97;
p < 0.001). No significant differences were found between the non-ST-elevated myocardial infarction
(NSTEMI) vs. control groups or patients with STEMI vs. patients with NSTEMI. Conclusions: Gal-3
may be beneficial for detecting acute coronary syndromes but not NSTEMI or differentiating between
ACS types. This meta-analysis is promising, but further research is needed to prove Gal-3’s potential
diagnostic value, exact cut-offs, and advantages over cardiospecific troponins. Gal-3 may be a useful
diagnostic biomarker; however, more clinical trials are needed to prove its utility.

Keywords: galectin-3; inflammation; biomarker; diagnosis; acute coronary syndrome

1. Introduction

Despite advances in diagnostics and therapeutic procedures in invasive cardiology,
acute coronary syndrome (ACS) remains a significant clinical problem associated with a
risk of premature death. A remarkable 50% reduction in age-standardised mortality rates
has been observed over the past 20 years in developed countries. However, this positive
trend is not mirrored in developing countries, where limited access to modern therapeutic
methods impedes improvements in patient results [1].

To improve patient outcomes, there is a need for the development of new diagnostic
models to identify patients at risk of ACS within the general population. Furthermore,
it is crucial to identify patients at risk of adverse outcomes, such as rehospitalization or
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cardiovascular death after ACS [2]. Current risk assessment tools, such as the GRACE score,
are based on multifactorial risk estimation and require detailed history taking, laboratory
tests, or other medical procedures [3,4], which are costly and time-consuming. As a
result, there is growing interest in biomarkers, especially metabolomics, that can facilitate
accelerated diagnosis, identification of high-risk patients, and prognosis [5].

There are many diagnostic and prognostic biomarkers with potential use in cardiovas-
cular diseases. A significant group of these are based on inflammatory markers, e.g., the
neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR) [6-8].
Inflammatory markers are sometimes combined with other markers with a well-known
role in the pathogenesis of atherosclerosis, as seen with the monocyte-to-HDL ratio [9].
Another extensively studied group of biomarkers are microRNAs (miRNAs). Zhang et al.
demonstrated that increased expression of miR-361-5p is observed among patients with
ACS, suggesting it as a new potential diagnostic parameter [10].

Galectin-3 (Gal-3) has recently emerged as a biomarker of significant interest, prompt-
ing renewed research and investigation of its potential applications. Gal-3 belongs to the
[-galactosidase-binding lectins and is located mainly in the cytoplasm, although it can also
be found in other cellular organelles, such as the nucleus. Produced mainly by cells of the
immune system, Gal-3 is a pro-inflammatory factor involved in the process of apoptosis
and activation of cytokine pathways [11]. In the context of cardiac remodeling, Gal-3 plays
a significant role in the process of fibrosis, especially following acute inflammation [12].
Regardless of the effect of Gal-3 on cardiac fibrosis, Gal-3 contributes to pro-inflammatory
damage to the vascular endothelium, triggering a cascade of inflammatory reactions. It also
contributes to thrombus formation and the destabilization of the atherosclerotic plaque.
All these processes are fundamental to the pathophysiology of atherosclerosis, ultimately
leading to ACS [13]. Given the complex influence of Gal-3 on the mechanisms leading to
the development of ACS, it is not surprising that interest in Gal-3 as a potential diagnostic
and prognostic biomarker after ACS is growing [14,15].

The aim of this systematic review and meta-analysis is to explore the potential signifi-
cance of galectin-3 levels as a diagnostic biomarker in patients with coronary syndrome.

2. Materials and Methods

The present meta-analysis was planned, conducted, and reported in accordance
with the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
guidelines [16]. The review protocol was registered in the PROSPERO International
prospective register of systematic reviews, under registration number CRD42024553402, on
16 June 2024.

2.1. Search Strategy

A comprehensive literature search was conducted in databases including the
PubMed/MEDLINE, Scopus, and EMBASE electronic databases (via the Ovid interface)
and unpublished sources, such as the Cochrane Trial Registry and Clinicaltrials.gov, cover-
ing all records until 20 June 2024. The following search keywords were used: “galectin-3”
OR “galectin 3” OR “Gal-3” OR “Gal 3” AND “acute coronary syndrome” OR “ACS” or
“ST Segment Elevation Myocardial Infarction” OR “ST Elevated Myocardial Infarction”
OR “ST-elevation MI” OR “STEMI” OR “non-ST elevation myocardial infraction” OR
“NSTEMI” OR “myocardial Infarction” OR “unstable angina”. Furthermore, an additional
investigation was conducted using Google Scholar. To identify additional relevant studies,
reference lists of systematic reviews and relevant individual studies were examined. For
studies with overlapping patient data, only the most recent publication was considered.

2.2. Inclusion and Exclusion Criteria

The following inclusion criteria were used: (1) Patients: adult patients with ACS.
(2) Articles discussing the levels of galectin-3 in various types of ACS. (3) Articles providing
sufficient data to estimate standard mean differences (SMDs) among ACS types or the
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relative risk (RR) of mortality or major adverse cardiovascular events. (4) The study type
included both RCTs and non-RCTs. (5) Full-text articles published in English.

The exclusion criteria included: (1) incomplete data or unpublished literature; (2) duplicate
publications; (3) animal studies; and (4) review articles, letters, editorials, case reports/series,
or conference abstracts.

2.3. Selection Process

We imported all articles identified through the search into EndNote X6 (Clarivate,
London, UK), a reference management software, and removed duplicates. Two review-
ers, M.P. and Z.G., independently screened titles and abstracts of the identified studies
against the eligibility criteria. Then the potentially eligible studies underwent a full-text
review—the same reviewers evaluated full texts for final eligibility, documenting reasons
for exclusion. A third reviewer (L.S.) resolved any disagreements.

2.4. Data Collection

Two investigators independently performed data extraction. Extracted data included
the following: study characteristics (first author, country, study design, study groups, and
sample sizes), patient demographics (baseline characteristics), types of major adverse car-
diovascular events (MACEs), mortality outcomes across different follow-up periods, and
galectin-3 values. We used a pre-prepared data abstraction form in Microsoft Excel. We con-
tacted the corresponding authors for further clarification or any unpublished relevant data.

2.5. Risk of Bias Assessment

Two researchers (M.P. and Z.G.) independently assessed the risk of bias using the
Newecastle Ottawa Quality Assessment Scale (NOS) [17]. Each study received a score
from 0 to 9 based on three categories: group selection (four items), comparability between
groups (one item), and outcome (three items). Group selection, outcome, and exposure
assessment categories could each receive a maximum of one star, while comparability could
be awarded up to two stars. Thus, the maximum score was nine points, and a total score of
six or above indicated high quality [17].

2.6. Data Analysis

Statistical analyses were performed using Stata 18.0 (Stata Corp., College Station,
TX, USA) and RevMan 5.4 (Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). A two-sided p < 0.05 was considered statistically
significant for all statistical analyses. For continuous outcomes, such as galectin-3 levels,
effect sizes were expressed as mean differences (MD) with 95% Cls. Dichotomous variables
were evaluated using odds ratios (OR). When continuous outcomes were reported as
medians, ranges, and interquartile ranges, the formula described by Hozo et al. [18] was
used to estimate means and standard deviations. The heterogeneity across all eligible
studies was assessed using Cochran’s Q and 12 statistics. The 12 values of 25%, 50%,
and 75% as cut-off points indicated low, moderate, and high degrees of heterogeneity,
as per Cochrane’s guidelines [19]. We performed DerSimonian and Laird random effect
models with inverse variance weights without any additional corrections [20]. For analyses
including more than 10 studies, potential publication bias was evaluated using funnel plots
and Begg’s or Egger’s tests. Sensitivity analysis was performed using the single study
removal method to assess the robustness of the combined data.

3. Results
3.1. Results of Study Selection

The flow diagram in Figure 1 shows the study’s selection method. We removed
777 duplicates from the 3786 results that the search yielded. After the title and abstract
sieve, we excluded a total of 2776 studies, selecting 234 for full text review. This meta-
analysis included a final total of 15 studies [21-35].
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Figure 1. PRISMA flow diagram.

3.2. Descritpion of the Included Trials

Table 1 summarizes the baseline characteristics of the included studies. A total of
2286 patients were involved in this analysis. We included 15 trials, published between 2012
and 2024. Among the 15 trials included in this meta-analysis, two studies were conducted
in Egypt, Turkey, and India. The majority of the studies were prospective in design (1 = 15).
Most trials had two arms, while three arms were identified in four studies. The number of
participants per arm varied between 17 and 196. Men constituted a significant proportion
of participants included in the studies, ranging from 52.2% to 89.4%. The mean age of
participants spanned from 34.6 to 67.4 years, with the notably younger cohort observed
in the study by Winter et al. (2016) [35]. Table 1 illustrates considerable comorbidity
among participants, including hypertension, diabetes mellitus, and hypercholesterolemia.
A frequent reduction in left ventricular ejection fraction was also observed across the trials.
Figure 2 displays a graphical representation of the origin of the studies included in the
meta-analysis. Table 1 displays the NOS's assessment of quality studies, with all studies
receiving a high-quality rating.
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Figure 2. Worldwide distribution of studies included in the meta-analysis.

3.3. Meta-Analysis Outcomes

A pooled analysis of six studies showed that Gal-3 levels were statistically signif-
icantly higher in the ACS group (12.84 £ 8.48 ng/mL) compared to the control group
(7.23 £ 6.05 ng/mL; MD = 3.89; 95% CI: 2.83 to 4.95; p < 0.001; Figure 3).

Four studies reported Gal-3 levels among acute myocardial infarction (AMI) and
control groups. Pooled analysis of Gal-3 among AMI and control groups varied and
amounted to 10.09 £ 8.16 vs. 4.64 & 3.07 ng/mL, respectively (MD = 4.30; 95% CI: 0.41 to
8.18; p < 0.001).

Statistical analysis also showed statistically significant differences in Gal-3 levels
between ST-elevated myocardial infarction (STEMI) and the control group (10.62 £ 7.34 vs.
5.54 4+ 2.96 ng/mL; MD = 5.54; 95% CI: 3.12 to 7.97; p < 0.001).

In contrast, there were no statistically significant differences between the non-ST-elevated
myocardial infarction (NSTEMI) and control group (8.81 &+ 4.55 vs. 5.62 £ 3.43 ng/mlL;
MD =2.84; 95% CI: —0.03 to 5.71; p = 0.05), or between patients with STEMI and pa-
tients with NSTEMI (13.35 &£ 8.19 vs. 11.89 &+ 4.75 ng/mL; MD—3.12; 95% CI: —0.34 to 6.58;
p =0.08).

The sensitivity analysis carried out did not show an impact on the results obtained.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 ACS vs. Control
George 2015 13.12 9.54 331 3.44 2.29 62 18.9% 1.10 [0.81, 1.38] -
Goenka 2017 9.12 2.26 162 5.41 1.24 64 18.3% 1.83 [1.49, 2.16] -
Grandin 2012 18.35 2 100 14.7 0.93 100 17.9% 2.33[1.97, 2.69] -
Gucuk Ipek 2016 0.81 0.17 19 0.55 0.09 17 11.8% 1.84 [1.04, 2.63] —_—
Osman 2024 0.7 0.46 90 0.19 0.17 50 17.7% 1.32[0.94, 1.70] -
Soltan 2020 22.7 8.1 72 10.7 6.3 20 15.3% 1.53 [0.99, 2.08] B
Subtotal (95% CI) 774 313 100.0% 1.65 [1.23, 2.06] *
Heterogeneity: Tau? = 0.22; Chi® = 32.19, df = 5 (P < 0.00001); I> = 84%
Test for overall effect: Z = 7.73 (P < 0.00001)
1.2.2 AMI vs. control
Alturfan 2014 10.14 2.08 29 824 1.64 29 20.5% 1.00 [0.45, 1.55] -
Li 2022 15.49 10.11 236 3.44 2.29 62 26.3% 1.33[1.03, 1.62] -
Lisowska 2016 8.02 591 233 5.5 4.1 100 27.6% 0.46 [0.23, 0.70] =
Winter 2016 255 1.99 72 167 0.83 72 25.6% 0.57[0.24, 0.91] -
Subtotal (95% CI) 570 263 100.0% 0.83 [0.39, 1.27] L 2
Heterogeneity: Tau? = 0.17; Chi? = 21.67, df = 3 (P < 0.0001); I> = 86%
Test for overall effect: Z = 3.66 (P = 0.0003)
1.2.3 STEMI vs. Control
George 2015 12.22 1.26 64 9.84 1.09 58 14.7% 2.00 [1.56, 2.44] -
Goenka 2017 10.34 2.18 57 5.41 1.24 64 14.5% 2.80 [2.30, 3.31] -
Li 2022 20 10.51 139 3.44 2.29 62 15.0% 1.87[1.51, 2.22] -
Lisowska 2016 7.9 5.6 143 5.5 4.1 100 15.1% 0.47 [0.22, 0.73] -
Milner 2014 5.53 3.07 53 3.44 3.07 23 14.5% 0.67[0.17, 1.18] -
Tsai 2012 7.59 3.65 196 4.36 1.89 30 14.9% 0.93 [0.53, 1.32] -
Wei 2022 11.86 1.46 35 4.12 0.7 24 11.2% 6.30 [5.01, 7.59] —_—
Subtotal (95% CI) 687 361 100.0% 2.00 [1.16, 2.83] <o
Heterogeneity: Tau? = 1.17; Chi’ = 160.18, df = 6 (P < 0.00001); I* = 96%
Test for overall effect: Z = 4.70 (P < 0.00001)
1.2.4 NSTEMI vs. Control
George 2015 9.44 0.82 38 9.84 1.09 38 24.6% -0.41[-0.87,0.04] B
Goenka 2017 8.92 2.14 63 5.41 1.24 64 24.8% 2.00[1.57, 2.43] -
Li 2022 9.05 4.49 97 3.44 2.29 62 25.2% 1.47 [1.11, 1.83] -
Lisowska 2016 8.2 6.4 90 5.5 4.1 100 25.5% 0.51 [0.22, 0.80] -
Subtotal (95% CI) 288 264 100.0% 0.89 [-0.04, 1.82] @
Heterogeneity: Tau? = 0.86; Chi? = 74.12, df = 3 (P < 0.00001); I> = 96%
Test for overall effect: Z = 1.88 (P = 0.06)
1.2.6 STEMI vs. NSTEMI
Bivona 2016 19.85 2.17 125 175 1.4 90 25.2% 1.24 [0.95, 1.54] -
Li 2022 20 10.51 139 9 4.49 97 25.2% 1.28 [1.00, 1.56] -
Lisowska 2016 8.5 1.17 143 10.25 1.97 90 25.2% -1.14[-1.42,-0.86] -
Mitic 2022 9.87 3.66 42 8.49 2.42 23 24.5% 0.42 [-0.10, 0.93] -
Subtotal (95% CI) 449 300 100.0% 0.45 [-0.81, 1.71] S
Heterogeneity: Tau? = 1.61; Chi? = 181.07, df = 3 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.70 (P = 0.48)
-10 -5 ' 10

Favours [experimental] Favours [control]

Figure 3. Forest plots of galectin-3 levels among different patient groups [21-35].

4. Discussion

Our meta-analysis showed significantly higher levels of Gal-3 in the group of patients
with ACS compared to the control group. A statistically significant difference was also
found when comparing patients with AMI or STEMI to the control group. Additionally,
there were no statistically significant differences between the NSTEMI and control or
between patients with STEMI and patients with NSTEMI. The elevated Gal-3 values in the
experimental groups may indicate increased inflammation and fibrosis following ACS.

The potential diagnostic and prognostic properties of the Gal-3 biomarker have been
extensively studied in the context of cardiovascular diseases. Agnello et al. described
the possible use of Gal-3 as a prognostic biomarker in heart failure (HF) following ACS,
including in the prediction of cardiovascular death or HF following ACS [36]. Similar
conclusions are also supported by other meta-analyses [37,38]. In the context of atrial
fibrillation (AF), Gong et al. showed that elevated Gal-3 values were observed among
patients with persistent AF [39]. While the current meta-analysis focuses mainly on the
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potential diagnostic utility of the Gal-3 biomarker, Chen et al. suggested that Gal-3 may
also have potential prognostic value after acute heart failure, e.g., for predicting mortality
and cardiovascular mortality [40]. Gal-3 has also shown predictive value in patients
with aortic stenosis after transcatheter aortic valve replacement (TAVR) in terms of all-
cause mortality [41]. Furthermore, elevated Gal-3 levels also correlate with an increased
risk of cardiovascular events among patients with type 2 diabetes. Tan et al. defined
a cardiovascular event as a composite endpoint including: first non-fatal myocardial
infarction, non-fatal stroke, coronary revascularization, or cardiovascular-related death.
In an observational study of 1495 patients, the authors demonstrated that Gal-3 levels
were significantly elevated in patients who experienced a cardiovascular event during
follow-up [42].

Gal-3 may offer certain advantages over cardiospecific troponins, which are widely
used to diagnose and differentiate forms of ischemic heart disease and are a fundamental
part of the diagnostic criteria for MI. Gal-3 may enable very early stratification of patients
with an unfavourable prognosis or requiring intensified medical care or long-term sec-
ondary prevention [43]. However, it should be noted that Gal-3 is not a highly specific
biomarker, which may significantly limit its application in the diagnosis utility of car-
diovascular diseases. Syn et al. reported that elevated Gal-3 levels are also observed in
chronic renal failure and may serve as a prognostic factor for disease progression [44], as
well as a prognostic factor for renal failure following intensive care unit admission [45].
Some studies also indicate the potential diagnostic use of Gal-3 in certain cancers, such
as pancreatic cancer [46]. King et al., showed that increased Gal-3 levels correlated with
more severe depressive symptoms. However, this relationship is influenced by multiple
variables such as multimorbidity, which may also be associated with increased depressive
symptoms while also influencing increased Gal-3 values [47]. In chronic obstructive pul-
monary disease (COPD), Gal-3 may predict symptom exacerbation [48]. These examples
highlight the fact that the lack of specificity of Gal-3 may pose a significant challenge to its
use as a potential diagnostic biomarker in cardiovascular diseases. The clinical superiority
of Gal-3 compared to established biomarkers, such as B-type natriuretic peptide (BNP), has
not been conclusively demonstrated. Both cardioselective troponins and Gal-3 are useful in
cardiovascular risk stratification, but their prognostic value is not statistically significant
after accounting for clinical factors [49].

In the context of pathophysiological mechanisms, it is worth noting that Gal-3 is known
to induce inflammation, e.g., by activating macrophages; and inflammation itself plays an
important role in promoting the development of atherosclerotic changes and atherosclerotic
plaque instability. Thus, Gal-3 itself is sometimes referred to as a “biomarker of plaque
progression and destabilization” [50,51]. Sygitowicz et al. noted that one reason for Gal-3’s
impact on cardiovascular disease progression is its promotion of lipid accumulation in
macrophages. Additionally, Gal-3’s pro-inflammatory properties contribute to endothelial
dysfunction [52].

Gal-3’s impact on apoptosis also plays an important role in the pathophysiology
of ACS. Gal-3 seems to be responsible for promoting apoptosis, which may initially in-
crease the damage resulting from myocardial ischemia. Moreover, in the long term, the
influence of Gal-3 on apoptosis may lead to increased fibrosis and, consequently, remod-
elling, contributing to the development of heart failure. Despite many studies, the pro- or
anti-apoptotic properties of Gal-3 require further investigation, especially since inhibition
or promotion of Gal-3 may potentially constitute a new target for drug development in
cardiovascular diseases [53].

Regardless of its effect on fibrosis and apoptosis, Gal-3 may destabilise atherosclerotic
plaque [36]. Gal-3 also contributes to increased oxidative stress [54]. It is worth noting that
only a small number of compounds have been tested in the context of Gal-3 inhibition,
mainly in animal models, including N-acetyllactosamine or LacDiNAc. TDI 139 is in early
clinical trials for idiopathic pulmonary fibrosis. Zaborska et al. indicated that one of the
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main obstacles to advancing Gal-3 inhibitors from preclinical to clinical phases is the lack
of appropriate animal models reflecting the complexity of HF [55].

The results of our meta-analysis are not entirely consistent with the pathophysiology
discussed earlier. Gal-3 levels were higher in both patients with ACS and patients with
M1, as compared to the control groups. While Gal-3 levels are elevated in patients with
STEMI compared to controls, there were no statistically significant differences between the
NSTEMI group and controls, as well as between patients with STEMI and patients with
NSTEML. These findings suggest that Gal-3 may be useful for diagnosing acute coronary
syndromes, but it appears less effective for diagnosing NSTEMI or differentiating between
all ACS types.

When interpreting the results of this meta-analysis, several limitations of the study
must be considered. First, subgroup analyses revealed significant heterogeneity. A high
level of heterogeneity indicates that the trials included in the meta-analysis differ widely
in terms of the magnitude of change of Gal-3 in patients with acute coronary syndromes.
Hence, the high heterogeneity indicates that meta-analysis results should be interpreted
with caution. Future research should aim to standardise methodologies and include more
consistent trials to mitigate the above-mentioned limitations.

Furthermore, the definition of controls varied between the included studies. Another
limitation is the lack of a clearly defined cut-off, a typical limitation of diagnostic biomarker
meta-analyses. Further studies are necessary to validate the use of Gal-3 as a potential
diagnostic biomarker, particularly in establishing cut-offs in prospective clinical trials as
well as to determine its advantage over commonly used biomarkers of cardiovascular
diseases, such as cardiospecific troponins.

Finally, we cannot perform a meta-analysis with specific diagnostic parameters such
as ROC curves and C-statistics or estimate sensitivity and specificity since there is currently
insufficient evidence to conduct such comprehensive analyses. Moreover, these indicators
are particularly useful in assessing the clinical utility of diagnostic tests during their
implementation in clinical practice, such as evaluating the clinical effectiveness of in vitro
diagnostic medical devices. This meta-analysis is focused on exploring the potential
diagnostic properties of Gal-3 and remains at the exploratory stage.

5. Conclusions

Our meta-analysis demonstrated significantly higher levels of Gal-3 in patients with
ACS, AMI, or STEMI compared to controls, but with no differences between both NSTEMI
compared to controls and STEMI vs. NSTEMI groups. These findings suggest that Gal-3
may have potential utility in diagnosing ACSs, but it appears less effective for diagnosing
NSTEMI or differentiating between all ACS types. However, high heterogeneity in all
subgroups indicates a lot of variability between studies, alongside the lack of standardised
cut-off values, and should be considered when interpreting the results. Gal-3’s roles in
inflammation, endothelial dysfunction, lipid accumulation in macrophages, apoptosis, and
oxidative stress underscore its complex involvement in cardiovascular pathophysiology.
Despite its diagnostic potential in cardiovascular diseases, the lack of specificity of Gal-3
limits its clinical use. While the findings of this meta-analysis are promising, additional
studies are needed to explore Gal-3’s diagnostic utility, establish precise cut-offs, and con-
firm its advantages over established biomarkers such as cardiospecific troponins. Although
the results suggest the potential value of Gal-3 as a diagnostic biomarker, further clinical
studies are needed to confirm its utility and implementation in clinical practice.
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Abstract

Background: In contemporary clinical practice, there is an increasing need for new clinically relevant
biomarkers potentially optimizing management strategies in patients with suspected acute coronary
syndrome (ACS). This study aimed to determine the diagnostic utility of soluble urokinase-type plasmi-
nogen actiator receptor (suPAR) levels in individuals with suspected ACS.

Methods: A literature search was performed in Web of Science, PubMed, Scopus, and the Cochrane
Central Register of Controlled Trials databases, for studies comparing suPAR levels among patients
with and without ACS groups. The methodological quality of the included papers was assessed using
the Newcastle-Ottawa Scale. A fixed-effects model was used if F < 50%; otherwise, the random-effects
model was performed.

Results: Five studies with 3417 participants were included in the meta-analysis. Pooled analysis
showed that mean suPAR levels in the ACS group were statistically significantly higher than in the
control group (3.56 = 1.38 vs. 2.78 = 0.54 ng/mL, respectively; mean difference: 1.04; 95% confidence
interval: 0.64-1.44; F = 99%; p < 0.001).

Conclusions: In the context of ACS, suPAR is a potential biomarker for the early identification of medical
conditions in indwiduals who are being treated in emergency rooms. (Cardiol ] 2024; 31, 4: 564-572)
Keywords: soluble urokinase plasminogen activator receptor, suPAR, acute coronary
syndrome, ACS, biomarker, meta-analysis
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Introduction

Globally, an estimated 7 million persons are
diagnosed with acute coronary syndrome (ACS)
yearly [1]. ACS refers to a group of thrombotic
coronary artery diseases (CAD) that include un-
stable angina (UA), myocardial infarction with
ST-segment elevation (STEMI), and myocardial in-
farction without ST-segment elevation (NSTEMI)
[2]. The differentiation between STEMI and NSTE-
MI is crucial in applying appropriate treatment
according to guidelines [3-5].

In past decades cardiac troponin (cTn) emer-
ged as a potent and widely used biomarker of myo-
cardial infarction (MI) [6]. Elevated cTn values are
still required to diagnose MI according to the Fourth
Universal Definition of Myocardial Infarction pub-
lished in 2018. Moreover, the change (rise or fall) in
the cTn level is needed to diagnose the acute nature
of MI [7]. Despite the undeniable usefulness of cTn
in MI diagnosis, some drawbacks significantly limit
its infallibility. First, cTn is a biomarker of myocardial
necrosis. Thus, it is elevated in STEMI and NSTEMI
but may not be increased in UA patients, who should
also be diagnosed with ACS [8]. Next, despite the
high sensitivity of cTn, its specificity hovers around
80% because it can also be elevated in other condi-
tions [9]. Last, the increase in ¢Tn levels following
MI may be observed even after more than 4 hours
[10], significantly limiting early revascularization
crucial in STEMI.

The above limitations of ¢Tn advocate the
search for novel diagnostic biomarkers of ACS
that could complement cTn in the areas where its
usefulness is limited, particularly at an early stage
of ACS, among patients with renal dysfunctions,
and cardiac conditions other than ACS. Extensive
research in this field will eventually establish
an ACS biomarker mini-panel. Many molecules
have been investigated as potential biomarkers
in ACS [11]. Heart-type fatty acid-binding protein
(H-FABP) was extensively evaluated and gave
hope for an early diagnosis of AMI. Neverthe-
less, a meta-analysis showed that H-FABP had
limited usefulness alone [12]. Copeptin is another
important biomarker widely studied in terms of
AMI diagnosis. It was established to diagnose
AMI early after the onset of symptoms, even
though cTn was still negative. The most efficient
combination of both biomarkers was copeptin and
c¢Tn, which had a very high negative predictive
value [13, 14]. More recently, microRNAs (miRs)
have been comprehensively investigated in various
cardiovascular conditions, including ACS [15-17].

Ling et al. [18] demonstrated that patients with
ACS had higher levels of miR-21 and miR-126 than
healthy controls. MicroRNAs play a diagnostic role;
they were established as potential prognostic and
treatment-predictive biomarkers in many cardio-
vascular conditions [19-22].

Another potential diagnostic biomarker in ACS
is soluble urokinase plasminogen activator receptor
(suPAR) because of its involvement in inflammatory
processes essential for plaque formation in ACS
[23, 24]. It can be detected in different body fluids,
including blood, plasma, serum, urine, and cerebro-
spinal fluid. suPAR 1is primarily found in plasma.
When collecting blood for suPAR measurement,
anticoagulants such as ethylenediaminetetraacetic
acid (EDTA), citrate, or heparin are commonly used
to prevent clotting and preserve the plasma [25].
suPAR is formed from urokinase plasminogen acti-
vator receptor (uPAR), a protein linked to the cell
membrane by glycosylphosphatidylinositol, which
can be cut off from the cell surface, resulting in the
release of a soluble form called soluble urokinase
plasminogen activator receptor (suPAR). uPAR is
mainly found in immune, endothelial, and smooth
muscle cell membranes [26]. Due to the predomi-
nant presence of uPAR on immune cells, suPAR may
be elevated in conditions with inflammation [27].
suPAR was shown to be associated with different
diseases, including the recently widespread coro-
navirus disease 2019 (COVID-19), in which suPAR
levels are elevated and may predict mortality [28].
Importantly, suPAR levels were shown to predict
cardiovascular mortality and morbidity as assessed
in the general population [29]. suPAR was indicated
as a promising prognostic biomarker in emergency
patients with ACS (Fig. 1) [30].

Ischemic symptoms, abnormalities on an elec-
trocardiogram, and an increase in blood biomarkers
were generally required to make a diagnosis of
ACS. However, the symptoms are sometimes rath-
er unusual or absent, and around 33% of patients
who arrive at the hospital’s emergency department
with a MI may not be experiencing chest pains
[31]. Similarly, alterations in an electrocardiogram
that aid in early diagnosis may be insufficient or
completely absent in around 40% of individuals
[32]. Furthermore, anomalies in the ST segment
may be detected in other cardiac conditions, such
as pericarditis, left ventricular hypertrophy, cardio-
myopathies, and channelopathies, which may add to
difficulties in diagnosis of the illness. As a result of
these concerns, we must find the most suitable and
reliable biomarker for early diagnosis, prognosis,
and classification of ACS patients to enhance the
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Figure 1. The potential utility of soluble urokinase plasminogen activator receptor (suPAR) in acute coronary syn-
drome (ACS); CSF — cerebrospinal fluid; GPl — glycosyl-phosphatidylinositol; uPAR — urokinase plasminogen

activator receptor

treatment that these patients get and to ensure the
best possible outcome. This systematic review and
meta-analysis were conducted to highlight suPAR
as a developing ACS biomarker that can be catego-
rized according to its clinical value and function in
diagnosing ACS.

Methods

This meta-analysis was carried out following
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guide-
lines [33], and we pre-registered its protocol with
PROSPERO (CRD42023431413).

Search strategy and study selection

From January 1%, 2000, to June 16", 2023, we
conducted a comprehensive systematic literature
search in the following medical electronic data-
bases: Web of Science, PubMed, Scopus, and the
Cochrane Central Register of Controlled Trials, to
find papers investigating the diagnostic significance
of suPAR in adults with ACS. In addition to the
online database search, Google Scholar was em-
ployed. A distinct and appropriate search strategy
was employed for each source. We were looking
for the following terms: “su-PAR” OR “soluble
urokinase plasminogen activator receptor” AND

“acute coronary syndrome” OR “ACS” OR “STE-
MI” OR “ST-elevation myocardial infarction” OR
“NSTEMI” OR “non-ST-elevation myocardial in-
farction” OR “myocardial infarction” OR “MI” OR
“UA” OR “unstable angina”. In addition, we also
manually reviewed the reference lists of relevant
articles for potential studies. EndNote (version X7;
Thomson Reuters) was used to manage the search
results. Following an initial search, the duplicate
results were deleted.

Two reviewers (M.P. and N.L.B.) indepen-
dently examined the search criteria and compared
the titles and abstracts of the publications found
by the databases. The same reviewers then inde-
pendently examined the full texts of all possibly
relevant publications. If there was a disagreement
on which literature papers to select, it was resolved
with the assistance of another reviewer (L.S.).

Eligibility criteria

All research studies that matched the following
criteria were included: (1) cross-sectional or co-
hort studies; and (2) comparisons of suPAR levels
between ACS and control patients. The following
were the exclusion criteria: (1) children or pregnant
women; (2) reviews; (3) editorials, letters, and
conference papers; and (4) non-English-language
research.
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Figure 2. Flowchart detailing selection and screening of the studies included in this review

Data extraction

Two investigators (M.M. and M.P.) worked
separately to choose studies that matched the
aforementioned inclusion criteria. Any disagree-
ments were resolved through discussion or refer-
ral to a third author (A.N.). Two different writers
extracted the data using the standardized form.
First author’s name, year of publication, research
origin, sample size, proportion of male subjects,
age, study design, and suPAR levels among study
groups were retrieved.

Risk of bias assessment

Five reviewers (M.P, L.S., N.L.B., EC., and
Z.R.) independently assessed the risk of bias in the
individual studies. Inconsistencies were resolved
through the consensus of all researchers.

First, the methodological quality of the in-
cluded papers was assessed using the Newcastle-
-Ottawa Scale (NOS) [34]. The NOS evaluates
each publication based on three general criteria:
“selection of study groups,” “comparability of
study groups,” and “determination of either the
exposure or outcome of interest for case-control
or cohort studies,” respectively. As a result, NOS

can quantify article biases such as selection and
information bias. The quality of the papers spans
from poor (0—4) to moderate (5-6) to high (7-9),
signifying 3 distinct degrees of research quality.

In addition, we performed a sensitivity analysis
in which we attempted to eliminate one research
study at a time from a meta-analysis, re-estimated
the overall effect size, and compared it to the re-
sults of the meta-analysis prior to this exclusion. If
the results before and after were not significantly
different, it showed that a single study had no dis-
cernible influence on heterogeneity.

Statistical analysis

To perform a meta-analysis, Review Manager
5.4 (Copenhagen: The Cochrane Collaboration,
2014, Denmark) and Stata version 16 (StataCorp
LP, Texas, USA) were used.

To assess suPAR levels, we used mean differ-
ences as the effect metric, with 95% confidence
intervals (CIs). Hozo’s approach was used to de-
termine estimated means and standard deviations
when suPAR values were reported as medians with
an interquartile range [35]. Cochran’s Q statistics
and Higgins’ index (I’) were used to calculate
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heterogeneity, with 25%, 50%, and 75% represent-
ing moderate, substantial, and significant hetero-
geneity, respectively [36]. The fixed-effects model
was used when I < 50%; otherwise, the random-
effects model was used. If there were more than
10 trials in a single meta-analysis, Egger’s test and
funnel plots were employed to analyze possible
bias, and funnel plot tests were used for asym-
metry to investigate potential publication bias. All
p values were calculated using a two-sided test and
were defined as < 0.05.

Results

The search method produced 1917 items
(Fig. 2). Due to duplication, 1326 papers were
discarded, and 591 articles were further excluded
following a preliminary evaluation of titles and
abstracts, resulting in 36 research papers. Finally,
5items from Austria, Germany, and Turkey remained
[37—41]. The 5 included studies had available data
on 3417 patients (1148 with ACS and 2269 in the
control group). They were published between 2015
and 2022. The mean age of ACS patients was 63.9 +
+ 5.8 years, compared to 62.6 + 4.2 years in the
non-ACS patient group. The general characteristics
of the studies are shown in Table 1. The meth-
odologic quality of the included trials was low, as
summarized in Table 1.

All 5 studies reported differences in suPAR val-
ues between ACS and non-ACS (control) patients.
Pooled analysis showed that mean suPAR levels in
the ACS group were 3.56 = 1.38 ng/mL, compared
to 2.78 = 0.54 ng/ml for the control group (mean
differences: 1.04; 95% CI: 0.64-1.44; I* = 99%:;
p < 0.001; Fig. 3). The results from the sensitivity
analysis did not alter the direction.

Discussion

The meta-analysis showed that the mean
suPAR level for the ACS was 3.56 (1.38), and
the mean suPAR level for the control group was
2.78 (0.54). The mean difference was 1.04 [0.64,
1.44]. This indicates that the average suPAR
level increased after ACS statistically significantly
compared to the control group. This fact is ration-
ally explained by the pathomechanisms of ACS.
Conducted studies have indicated that suPAR is
involved in the pathogenesis of ACS. It is related
to inflammation in the endothelium affected by
the atherosclerotic process. suPAR also increases
macrophage infiltration, leading to an increased
pro-inflammatory response in the endothelium.
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Table 1. Baseline characteristics of studies included in the meta-analysis

Newcastle-Ottawa Score

Control group

Acute coronary syndrome group

Country

Study

Female sex

Age
54.03 = 6.89

No.

Female sex

Age
55.85 = 11.26

No.

22 (31.4%)
230 (21.4%)

70

10 (18.2%)
138 (22.0%)
32 (27.1%)
101 (32.8%)
37 (92.5%)

55
626

Turkey

Can et al., 2015 [37]

63.3 £ 2.2

1077

625+ 2.3
63.5 = 11.2

Germany

Nikorowitsch et al., 2020 [38]

51 (67.1%)
367 (36.5%)

62.9 = 9.7

118

Austria

Schernthaner et al., 2017 [39]
Sorensen et al., 2019 [40]
Topf et al., 2022 [41]

62.3 4.2

1006

308 67.5 = 3.0

41

Germany

38 (92.7%)

65.3 = 4.7

70.3 £4.3

Austria
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Mean ACS Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 85% CI 1V, Random, 95% CI
Can 2015 6.58 324 55 226 1.92 70 10.2% 4.32 [3.35, 5.29] —>
Nikorowitsch 2020 3.01 03 626 313 0.28 1077 248% -0.12[-0.15,-0.09] L
Schernthaner 2017 463 227 118 3.23 091 76  18.8% 1.40 [0.94, 1.86] —
Sorensen 2019 363 045 308 335 04 1006 24.7% 0.28 [0.22, 0.34] L]
Topf 2022 418 099 41 278 0.31 40  21.5% 1.40 [1.08,1.72] -
Total (95% CI) 1148 2269 100.0% 1.04 [0.64, 1.44] <o
Heterogeneity: Tau’ = 0.17; Ch’ = 347.34, df = 4 (P < 0.00001); I = 99% M ) 0 : 4
Test for overall effect: Z = 5.09 (P < 0.00001) ACS control

Figure 3. Forest plot of soluble urokinase plasminogen activator receptor (suPAR) values among patients with and
without acute coronary syndrome (ACS). The center of each square represents the mean ratio for individual trials,
and the corresponding horizontal line stands for the 95% confidence interval (Cl). The diamonds represent pooled

results; SD — standard difference

In addition, increased infiltration with mac-
rophages promotes the formation of lipid-laden
foam cells within plaques.

Moreover, when bound to cells bearing the
uPAR receptor, plasminogen activators play a role
in promoting fibrinolysis, tissue remodeling, and
cell signaling. Consequently, an increase in the
inflammatory reaction and an increase in the sus-
ceptibility of the atherosclerotic plaque to rupture,
deepening its instability, is observed [23]. Based
on the ACS pathophysiology, suPAR may be a valu-
able biomarker in cardiovascular diseases [42, 43].

Soluble urokinase plasminogen activator re-
ceptor has been studied as a potentially useful
biomarker in patients diagnosed with a first acute
MI (AMI) treated with percutaneous coronary in-
tervention, and it is a good predictor of all-cause
mortality and cardiovascular mortality [44]. An-
other analysis indicated that a suPAR level > 3.5
ng/mL is an independent predictor of the risk of
MI (hazard ratio [HR]: 3.2, p < 0.0001) and cardio-
vascular death (HR: 2.62; p < 0.0001). suPAR pre-
dicted not only the occurrence of CAD, but also the
suPAR level correlated with the severity of CAD
[45]. The suPAR level and advanced echocardio-
graphy turned out to be a good stratifier in patients
diagnosed with diabetes but without heart disease
(preserved left ventricular ejection fraction), allow-
ing the selection of patients requiring intensified
medical care [46]. A meta-analysis of patients with
chronic kidney disease showed that in this patient
population, elevated suPAR levels are also predic-
tive of increased risk of cardiovascular disease
(p < 0.001; HR: 3.06; 95% CI: 2.21-4.22; I* =
= 0.0%). This prediction makes it possible, simi-
larly to the population of patients with diabetes, to
intensify the treatment and isolate the population
requiring in-depth cardiological diagnostics [47].

www.ca@i@idgyjournal.org

In turn, another study showed a good cor-
relation between the suPAR level and N-termi-
nal-pro-B-type natriuretic peptide (NT-proBNP)
concentration (and heart failure), but the suPAR
level was not a predictor of atrial fibrillation [48].
An interesting phenomenon is a transient and
initial increase in suPAR level after transcatheter
aortic valve implantation. This increase is probably
related to the implantation procedure itself, which
inevitably leads to endothelial damage even with
minimally invasive techniques. Although interest-
ing, the increase in the suPAR level observed in
this case seems to be of no clinical significance [49].
A recently published meta-analysis of 14,738 pa-
tients diagnosed with CAD confirmed that patients
with elevated suPAR levels had a significantly
higher risk of all-cause mortality (HR: 2.24; 95%
CI: 1.97-2.55) and death due to a cardiovascular
event (HR: 2.02; 95% CI: 1.58-2.58). Meta-analysis
failed to support the predictive power of suPAR for
major cardiovascular events (HR: 1.63; 95% CI:
0.86-3.11) [50].

It is worth mentioning that there are some
indications in the literature that suPAR is a better
predictor than a diagnostic biomarker. Moreover,
compared to other markers of inflammation, par-
ticularly C-reactive protein, the increase in suPAR
level is directly related to endothelial degradation
and an increase in endothelial inflammation. In
addition, increased C-reactive protein is observed
with increasing body mass index or waist cir-
cumference. At the same time, the suPAR level
is more independent of these indicators, which
are also well-known factors in the development
of cardiovascular disease. Although this meta-
analysis focuses on the diagnostic usefulness of
suPAR, given its potential prognostic properties,
directions for further research should focus on
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the prospective follow-up of patients with ACS
over a longer period. The 1-year time horizon
adopted most often in publications is too short to
determine the relationship between the suPAR
level and cardiovascular events and mortality. The
longest follow-up period in the studies included in
this meta-analysis (3.5 years) is too short. In ad-
dition, it is necessary to conduct a study in which
the measurement of the suPAR level is repeated
periodically, at strictly defined time intervals. The
time distance from an acute coronary event should
lead to a decrease in suPAR level, especially when
intensive treatment is initiated, e.g., optimal doses
of statins. Nevertheless, our meta-analysis aimed
to assess the diagnostic utility of suPAR.

The limitations of the studies included in this
meta-analysis should be briefly summarized. Can
et al. [37], in the limitations of their paper, em-
phasized that the suPAR level was not measured
immediately after the onset of symptoms of AMI,
and there were no laboratory measurements in the
longer follow-up, i.e., after the second day following
the coronary event [37]. In comparison, the study
presented by Nikorowitsch et al. [38] included
a 3.5-year follow-up. It showed that the suPAR
level could independently predict cardiovascular
death and reinfarction in patients with clinically
and hemodynamically confirmed CAD. In addition,
the cohort included as many as 1703 patients.
A critical methodological limitation of the study was
the inclusion of CAD patients requiring coronary
angiography. The authors emphasized that there
was a large population of patients with CAD who
did not require invasive intervention. Therefore,
the predictive properties of suPAR in this popu-
lation are not sufficiently understood currently.
Schernthaner et al. [39], in turn, pointed out that
their study was from a single center and included
a relatively small number of patients. However, it
1s worth noting that it is still larger than the study
presented by Can et al. [37] (194 vs. 125 patients).
Clinical parameters (e.g., ejection fraction), as well
as other laboratory tests (e.g., NT-proBNP or in-
flammatory markers), correlated significantly with
new biomarkers determined in the study, including
the suPAR level [39].

Sorensen et al. [40] indicated that the popula-
tion included in their study was very heterogene-
ous. Of the 1314 patients, 1006 were diagnosed as
non-AMI. Patients were admitted to the emergency
department with symptoms suggestive of AMI;
however, in the vast majority (approximately
75.56%), AMI was excluded. Although the average
suPAR level in AMI patients vs. non-AMI did not

differentiate, the suPAR level was a good predictor
of 1-year mortality. The study’s authors also em-
phasized that no other pro-inflammatory markers
were determined in the study, so it was impos-
sible to draw conclusions as to whether suPAR
1s superior to other pro-inflammatory markers in
predicting mortality [40]. Topf et al. [41], in turn,
focused their study on Takotsubo syndrome, which
led to a significant overrepresentation of women
in the population of patients with ACS and the
control group. This translates into a limited ability
to generalize the results [41].

Limitations of the study

The main limitation of our meta-analysis is
the small number of included studies. However,
considering the inclusion and exclusion criteria
and the proposed article selection strategy, all
possible papers were included in the study. The
I” statistic indicates high heterogeneity in the meta-
analysis. Nevertheless, it should be noted that the
heterogeneity may be overestimated with the small
number of included studies. The greatest diversity
is observed in the definition of the control group in
the studies included in the meta-analysis. However,
this problem is typical of observational studies,
including cohort studies, where we identify sig-
nificant difficulties in selecting patients included
in the control group.

Conclusions

In the context of ACS, suPAR is a potential
biomarker for the early identification of medical
conditions in individuals who are being treated in
emergency rooms.

Conflict of interest: None declared.
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ABSTRACT

Background: The aim of this study is to evaluate the clinical utility of endocan as a biomarker
for differentiating among the various forms of acute coronary syndromes (ACS), including STEMI,
NSTEMI, and unstable angina.

Methods: We conducted a thorough literature search using the Medline, Scopus, Embase, and
Cochrane Library databases, encompassing publications from the databases’ inceptions to August
1, 2024.

Results: The meta-analysis includes four studies. The pooled analysis demonstrates endocan lev-
els to be elevated in the STEMI group, with a mean of 1.68 (0.84), compared to 1.20 (0.38) in the
control group (MD = 0.58; 95% CI [0.10, 1.05]; p = 0.02). Endocan levels in the NSTEMI patients
and control groups revealed respective levels of 1.16 (0.38) and 1.06 (; MD = 0.17; 95% CI [0.01,
0.33]; p = 0.03). The pooled analysis indicates no statistically significant difference in endocan
levels between the STEMI and UA/NSTEMI groups, with levels at 2.22 (1.22) and 2.64 (1.22), re-
spectively (MD = 0.01; 95% ClI [-0.20, 0.21]; p = 0.95)

Conclusions: The findings indicate endocan levels to be notably higher in patients with STEMI and
NSTEMI compared to control groups, suggesting its potential involvement in the pathogenesis of
acute myocardial infarction.

KEYWORDS

endothelial cell-specific
molecular 1 ¢ endocan ¢ ESM-1
e biomarker ¢ STEMI ¢ NSTEMI
¢ diagnosis

Despite the progress in cardiovascular medicine, acute
coronary syndrome (ACS) remains a challenging clini-
cal problem (Costello & Younis, 2020; Vafaie, 2016).
Prognosis is closely correlated with the subtype of ACS,
with ST-elevated myocardial infarction (STEMI) associ-
ated with higher mortality rates than other subtypes of
ACS (Martinez et al., 2022). Regardless of the clinical
course of ACS, early risk stratification after an ACS event
plays a crucial role in improving prognosis, particularly in
terms of long-term outcomes. The use of biomarkers has
significantly improved ACS diagnosis through the popu-
larization of cardio-selective troponins. A strong effort is
now underway to find well-suited biomarkers that facili-
tate the estimation of a patient’s prognosis, thus enabling
early risk stratification (Bauer & Tousek, 2021).

As stated by Balta et al., endothelial-specific mole-
cule 1 (endocan) belongs to the novel biomarkers that
have yet to be well-characterized. Its mechanism of
action is strictly related to endothelial dysfunction and
the activation of pro-inflammatory cascades (Balta et
al., 2015) (Figure 1). During the COVID-19 pandemic,
researchers thoroughly investigated endocan as a poten-
tial diagnostic and prognostic biomarker (Gorgiin et al.,
2021; Khalaji et al., 2024). Laloglu and Alay determined
a diagnostic cut-off level of 444.2 pg/mL, which differ-
entiates patients with COVID-19 from healthy individ-
uals. At this level, endocan’s sensitivity and specificity
were 92% and 80%, respectively. Furthermore, what
was particularly useful during the COVID-19 pandemic
was that endocan could predict the severity of the dis-
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ease’s clinical course (Laloglu & Alay, 2022). A preliminary study was also conducted to determine whether endocan
levels can distinguish patients with mild, moderate, and severe erectile dysfunction. Karabakan et al. found the average
Endocan level to statistically differ between the stages of erectile dysfunction severity (Karabakan et al., 2017). Inter-
est in endocan continues to increase in various fields. It is primarily regarded as an indicator of very early endothelial
damage, which can occur in the course of hypertension, even asymptomatic, as well as among patients with metabolic
syndrome (Hirooka, 2024; Iwariczyk et al., 2022). Khalaji et al. conducted a meta-analysis suggesting that endocan can
also be useful for identifying patients with chronic kidney diseases (Khalaji et al., 2023).

VCAM-1 E-selectin

ICAM-1

— —~— " e e T e e,
Endothelial injury

Figure 1. Endocan’s mechanism of action.

Katsioupa et al. summarized the use of Endocan in cardiovascular medicine, highlighting its potential for risk strati-
fication following major cardiovascular events (MACEs). Additionally, the difference in endocan levels between ST-el-
evated myocardial infarction (STEMI) and non-ST-elevated myocardial infarction (NSTEMI) or unstable angina (UA)
may have potential diagnostic properties (Katsioupa et al., 2023). A pilot study from 2015 revealed a statistically sig-
nificant difference in endocan levels among patients with acute myocardial infarction (AMI). However, the results had
limited impact due to the small sample size, with only 30 controls and 53 participants with AMI (Kose et al., 2015).
Interest in endocan has increased since Qiu et al.’s study, which found endocan serum levels to be significantly higher
among patients with AMI compared to controls without AMI. Although the results of this cross-sectional study were
ambiguous (no statistically significant difference between endocan and Gensini score), they remain important (Qiu
et al., 2017). Based on a small study with a limited number of participants, Cimen et al. revealed endocan levels to
significantly decrease after successful coronary artery bypass grafting (CABG). This is not surprising, as successful
reperfusion of the ischemic tissues stabilizes endothelial damage, leading to a decrease in biomarkers associated with
endothelial dysfunction (Cimen et al., 2019).

As a result, we have conducted this meta-analysis to provide more comprehensive evidence of the predictive value
of endocan in patients with ACS.
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Methods

This study follows the established recommendations of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Page et al., 2021). The protocol was registered after the search but in advance of
the data extraction using the Prospective Register of Systematic Reviews (CRD42024575085).

Search Strategy

We conducted a thorough literature search in the Medline, Scopus, Embase, and Cochrane Library databases to
find original articles that reported on endocan levels among ACS patients. Articles published between the databases’
inceptions and August 1, 2024, were selected for review. The keywords applied to the literature retrieval included:
“endothelial cell-specific molecular 1” OR “endocan” OR “ESM-1" AND “acute coronary syndrome” OR “ACS” OR
“ST Segment Elevation Myocardial Infarction” OR “ST Elevated Myocardial Infarction” OR “ST-elevation MI” OR
“STEMI” OR “non-ST elevation myocardial infraction” OR “NSTEMI” OR “myocardial infarction” OR “unstable
angina”. We also evaluated the reference lists of the included papers to determine if they met the inclusion criteria for
this study by taking into account the presence of relevant parameters.

Inclusion and Exclusion Criteria

Two reviewers independently investigated the full texts of eligible studies that met the following inclusion criteria:
(1) adult patients (aged >18 years); (2) studies reporting sufficient information about endocan levels among ACS and
healthy patients (at baseline); (3) outcomes involving functional recovery, cognitive dysfunction, death, hemorrhagic
transformation, vascular events, depression, and recurrence; (4) cohort studies or case-control studies; and (5) studies
published in English. Exclusion criteria: (1) duplicated publication; (2) studies with no primary data (review articles,
editorials, comments); (3) animal studies; (4) studies with a sample size of five or less or ongoing studies with no re-
sults; and (5) conference abstracts, case reports, and letters.

Two authors (MP and DS) independently screened the titles and abstracts after removing duplicate studies both auto-
matically (Endnote X8, Clarivate, Philadelphia, PA, USA) and by hand. We consulted a third and fourth author (ER for
screening and AK for full-text review) in order to reach a consensus on the inclusion and exclusion of each article. We
also searched the references cited in the identified publications to find additional studies.

Data Extraction

We extracted the first author, year of publication, study design, type of ACS, number of patients, age, sex, patient co-
morbidities, and endocan levels from each eligible study. Additionally, the image digitization software GetData Graph
Digitizer 2.26 extracted the corresponding results from studies that provided bar charts or curve graphs but did not
provide relevant data. Two authors (M.P. and D.S.) performed these processes independently, with a third author (L.S.)
participating in the discussion in case of disagreement.

Risk of Bias Assessment

Two reviewers (D.S. and M.P.) separately rated the quality of the included studies using the Newcastle-Ottawa Qual-
ity Scale (NOS) (Stang, 2010). We discussed any concerns about the quality score with the third reviewer (L.S.). The
NOS instrument’s score consists of three components: selection and representativeness, study group comparability, and
subjective perception of the outcome or exposure. A star rating system ranging from 0-9 determines the quality score.
A study with a NOS score of 4 was classified as low quality, research with a score of 4-6 was categorized as moderate
quality, and a NOS score greater than or equal to seven was classified as high quality.

Statistical Analysis

We performed statistical analyses using Review Manager software version 5.4 (Nordic Cochrane Centre, Cochrane
Collaboration, Denmark). The p values are two-sided, with significance at p < 0.05. Dichotomous outcomes were ex-
pressed as relative risks (RRs) with 95% confidence intervals (CIs), and continuous outcomes were expressed as the
mean difference (MD) with 95% CI. When reporting the continuous outcome as a median and interquartile range, we
estimated the means and standard deviations using the formula described by Hozo et al. (2005). We visualized the re-
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sults using forest plots. We examined the statistical heterogeneity between studies using Cochran’s Q test and Higgins I
statistics, with I* < 25% indicating low, 25% < I? < 50% moderate, 50% < I* < 75% high, and I > 75% extreme hetero-
geneity (Higgins et al., 2011). A random-effects model was used in accordance with significant heterogeneity (I* > 50%,
p < 0.05); otherwise, the fixed-effect model was exerted. Additionally, we assessed publication bias using funnel plots
and Egger’s test. We created funnel plots from a meta-analysis that included at least 10 studies, with p < 0.05 in Egger’s
test indicating the presence of publication bias (Egger et al., 1997). Lastly, we conducted a leave-one-out meta-analysis
during the sensitivity analyses.

Results
Search Results and Study Characteristics

In total, 126 studies were identified based on the search strategy. After screening studies according to the inclusion
and exclusion criteria and removing duplicates, four articles were at last included in this meta-analysis (Kundi et al.,
2017; Qiu et al., 2017; Wei et al., 2021; Ziaee et al., 2019). The selection process and result are shown in Figure 2, and
characteristics of the included studies are summarized in Table 1. All studies had high quality based on NOS (Table 1).

—
:g Records removed before
Q@ Records identifizd from: | »| screening:
? Databases (n = 126) Duplicate records remaoved
(n=49)
=
L
Primary screening of title and
abicda » ::'\r:e:c‘}ﬁrg;s excluded
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{Repc:rj‘is} sought for retrieval Reports not retrieved
n= (n=0)
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¥

Full-text articles screening Report = &)
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Figure 2. PRISMA flow chart of the included studies.
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Table 1

Baseline Characteristics of Included Trials

Coun- | Study | Study | No.of | A Male Ml Comorbidities NOS
Study R . gender
try design | group patients HTN DM DL score
Kundi 58
ctal. STEMI 88 64412 | 51(59.1) | 265+38 | 34(386) | 21239) |
2016 Turkey PS 8
Control 45 62415 | 27(60.0) | 26939 | 15(333) | 10222) | 4?)57)
Qiu AMI 216 | 653+ 12.7 | 137(63.4) | 25.0+4.0 | 109(50.5) | 46(21.3) | NS
etal., China CCS 8
2016 Control 60 63.8+8.8 | 32(53.3) | 242+3.0 | 23(38.3) | 10(16.7) | NS
Wei STEMI 37 | 574+11.6| 23(62.2) | 249+2.6 | 12(32.4) NS NS
etal., China PS 8
2021 Control 24 | 5724103 | 15(62.5) | 24.0+2.1 | 6(25.0) NS NS
Ziace STEMI 160 | 584+98 |126(78.8) | 26.8+3.1 | 66(41.3) | 29 (18.1) 26
etal, A : OE : : (35.0)
2018 Iran PCCS 8
NSTEMI | 160 | 56195 | 110(688) | 268+38 | 80(500) | 32(200) | 46285)

AMI = acute myocardial injury; BMI = body mass index; CCS = cross-sectional study; DM = diabetes mellitus; DL =
dyslipidemia; HTN = hypertension; NS = not specified; PCCS = prospective cross-sectional study; PS = prospective
study; STEMI = ST-elevation myocardial infarction.

Meta-analysis

Three studies reported endocan levels among STEMI and control groups. Pooled analysis showed endocan levels
to vary at 1.68 + 0.84 for the STEMI group compared to 1.20 + 0.38 for the control group (MD = 0.58; 95% CI [0.10,
1.05]; p = 0.02).

Only Qiu et al.’s (2017) study reported endocan levels among NSTEMI and control groups (1.16 + 0.38 vs. 1.06 +
0.19, respectively; MD = 0.17; 95% CI [0.01, 0.33]; p = 0.03). Pooled analysis showed no statistical significance differ-
ence between endocan levels for the STEMI vs. UA/NSTEMI groups (2.22 + 1.22 vs. 2.64 + 1.22, respectively; MD =
0.01; 95% CI [-0.20, 0.21]; p = 0.95).

Discussion

The present meta-analysis has aimed to assess the diagnostic and prognostic value of endocan in patients with
acute coronary syndromes (ACS) by focusing on comparisons among STEMI, NSTEMI, and control groups. Our
results demonstrate endocan levels to be significantly elevated in patients with STEMI and NSTEMI compared to
control groups, reinforcing the biomarker’s potential role in the pathophysiology of myocardial infarction. Specifical-
ly, the pooled analysis showed a notable increase in endocan levels in the STEMI group (MD = 0.58, p = 0.02) and
the NSTEMI group (MD = 0.17, p = 0.03) compared to controls. However, no significant differences were observed
between STEMI and NSTEMI/UA groups, indicating endocan to perhaps be an insufficient marker for differentiating
between these subtypes of ACS.

The association between elevated endocan levels and ACS likely reflects the underlying endothelial damage and
pro-inflammatory state associated with acute myocardial infarction (AMI). This is particularly relevant in the case of
STEMI, where the rupture of atherosclerotic plaque and the subsequent thrombus formation result in complete occlu-
sion of the coronary artery, leading to extensive myocardial ischemia and necrosis. Several studies have supported the
prognostic value of endocan in cardiovascular disease. Ziaee et al.’s (2019) study, which included 340 patients with
ACS, reported serum endocan levels to be positively correlated with the myocardial infarction thrombolysis risk score
and the occurrence of major adverse cardiac events (MACE), such as recurrent MI, heart failure, and cardiovascular
death. In their cohort, patients with higher endocan leveisalﬁld a significantly higher risk of adverse outcomes, suggest-

!37



Il TRC JOURNAL OF MEDICINE

ing endocan to perhaps serve as a valuable biomarker for risk stratification in ACS. Despite its evident role in reflecting
endothelial damage, our analysis found no statistically significant differences between endocan levels in patients with
STEMI and those with NSTEMI or UA (MD = 0.01; 95% CI [-0.20, 0.21]; p = 0.95). This finding suggests that, while
endocan levels are elevated in ACS patients, the biomarker may lack the specificity needed to differentiate among the
various subtypes of myocardial infarction. This is consistent with the findings of previous studies, such as Cimen et al.’s
(2019), which demonstrated endocan levels to decrease following successful coronary artery bypass grafting (CABG)
but to not vary significantly between different ACS presentations (Chen et al., 2021; Lin et al., 2024). The inability of
endocan to distinguish between STEMI and NSTEMI could be attributed to the shared pathophysiological mechanisms
underlying both conditions. While STEMI is characterized by complete coronary artery occlusion, NSTEMI typically
results from partial occlusion; however, both conditions involve similar processes of endothelial damage, inflammation,
and atherosclerosis (Chen et al., 2021). Thus, as a marker of endothelial dysfunction, endocan may plausibly reflect the
presence of these common underlying mechanisms rather than the specific clinical manifestations of ACS. Additional-
ly, the relatively small sample sizes of the included studies may have limited the power of our meta-analysis to detect
subtle differences between STEMI and NSTEMI. Larger studies with more comprehensive data on endocan levels in
ACS subgroups are needed to fully elucidate the potential of this biomarker in differentiating among the various forms
of myocardial infarction.

Endocan’s role as a biomarker of endothelial dysfunction places it alongside other well-established cardiovascular
biomarkers such as high-sensitivity C-reactive protein (hsCRP), troponins, and B-type natriuretic peptide (BNP). While
troponins remain the gold standard for diagnosing myocardial infarction due to their high specificity for cardiac injury,
endocan offers unique advantages in that it reflects systemic endothelial dysfunction, a key driver of atherosclerosis and
vascular disease (Behnoush et al., 2023; Chen et al., 2021). Endocan has also been compared to hsCRP, a widely used
marker of inflammation in cardiovascular disease. Unlike hsCRP, which is a general marker of inflammation, endocan
is specifically linked to endothelial activation and has been shown to correlate with endothelial cell injury in conditions
such as hypertension, metabolic syndrome, and chronic kidney disease (Behnoush et al., 2023; Chen et al., 2021; Lin
et al., 2024). This makes endocan a promising candidate for assessing endothelial health in patients with ACS and for
potentially improving the identification of those at higher risk of adverse cardiovascular outcomes. However, the use of
endocan as a clinical biomarker is notably still in its early stages, and its diagnostic and prognostic value in ACS remains
to be fully established. While our study provides evidence of its potential utility in identifying endothelial dysfunction
and myocardial injury, further research is needed to determine whether Endocan can complement existing biomarkers
such as troponins and BNP for guiding clinical decision-making regarding ACS patients.

While our meta-analysis provides valuable insights into the role of endocan in ACS, acknowledging the limitations of
the available data is important. First, the number of studies included in the analysis was relatively small, and the sample
sizes of the individual studies were limited. This may have reduced the statistical power of our findings, particularly in
the comparison between STEMI and NSTEMI groups. Second, considerable heterogeneity was present among the in-
cluded studies in terms of study design, patient populations, and methods for measuring endocan levels. This variability
may have influenced the results of our pooled analysis and should be taken into account when interpreting the findings.
Third, the lack of longitudinal data on endocan levels limits our ability to assess its prognostic value over time. While
elevated endocan levels have been associated with adverse cardiovascular outcomes in some studies, further research is
needed to determine whether endocan can reliably predict long-term outcomes in ACS patients and whether it has any
incremental value beyond traditional risk factors and biomarkers (Chen et al., 2021; Lin et al., 2024).

Future research on endocan should focus on larger, multicenter studies that include diverse populations of ACS pa-
tients. These studies should aim to standardize the measurement of endocan levels and explore its potential utility in
combination with other biomarkers for risk stratification and prognosis. Additionally, longitudinal studies are needed
to evaluate the temporal changes in endocan levels following ACS and their relationship to clinical outcomes. The inte-
gration of endocan into existing risk prediction models such as GRACE or TIMI scores should also be investigated to
determine whether it can improve the accuracy of these tools for predicting adverse outcomes in ACS patients. Finally,
studies examining the impact of therapeutic interventions (e.g., statins or antiplatelet agents) on endocan levels could
provide valuable insights into the role of endothelial dysfunction in managing ACS (Behnoush et al., 2023; Chen et al.,
2021; Lin et al., 2024).
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Conclusion

In summary, our meta-analysis suggests endocan to be a promising biomarker for detecting endothelial dysfunction
and myocardial injury in patients with ACS. While elevated endocan levels were observed in both STEMI and NSTEMI
patients, the lack of significant differences between these groups indicates endocan to perhaps not be specific enough for
distinguishing among the different types of ACS. Nevertheless, endocan’s association with adverse cardiovascular out-
comes highlights its potential role in risk stratification, and further research is warranted to fully establish its clinical utility.
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4. PODSUMOWANIE | WNIOSKI

Zbiér artykutéw dotyczacych diagnostycznej i prognostycznej roli  wybranych
biomarkeréw u pacjentow z ostrymi zespotami wiencowymi stanowigcych
monotematyczny zbidr publikacji bedacych podstawg rozprawy doktorskiej obejmuje
osiem publikacji opublikowanych w renomowanych recenzowanych czasopismach
[74-81]. W skfad niniejszego cyklu monotematycznych publikacji wchodzi jedno badanie
retrospektywne, natomiast pozostate siedem prac to przeglady systematyczne wraz
z metaanalizami.

Celem pierwszej pracy byta ocena wartosci diagnostycznej i prognostycznej
wspotczynnika neutrofili do limfocytéw (NLR) u pacjentéw z ostrymi zespotami
wiencowymi (OZW/ACS) [74]. W tym celu przeprowadzono systematyczny przeglad
literatury z meta-analizg, zgodnie z wytycznymi PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses). Przeszukano nastepujgce bazy danych: PubMed
Central, Medline, Scopus, EMBASE oraz Cochrane Central, a ostatnia aktualizacja
wyszukiwania miata miejsce 10 stycznia 2024 roku. Protokdt badawczy zostat uprzednio
zaakceptowany przez wszystkich autorédw i zarejestrowany w miedzynarodowej bazie
PROSPERO (CRD42023468529). Do analizy wtgczono wytacznie artykuty opublikowane
w jezyku angielskim w recenzowanych czasopismach, natomiast wykluczono publikacje
w innych jezykach oraz prace o charakterze edytoriali, listow do redakcji, opiséw
przypadkéw, badan dotyczacych populacji pediatrycznej, przegladéw narracyjnych oraz
materiatow konferencyjnych. Przeszukiwanie baz danych ujawnito 1148 potencjalnych
referencji, z ktérych po selekcji do ostatecznej analizy wigczono 90 artykutow
obejmujacych tgcznie 45 990 pacjentdéw. Ryzyko stronniczos$ci poszczegdlnych badan
oceniono za pomoca skali Newcastle-Ottawa Scale [82].

Kolejna publikacja miata na celu ocene wartosci prognostycznej wspotczynnika
ptytek do limfocytéw (PLR) u pacjentéw z OZW [75]. Analogicznie do pierwszego badania,
przeprowadzono systematyczny przeglad literatury z meta-analizg, a jego protokét
zarejestrowano prospektywnie w bazie PROSPERO (CRD42023447572). Strategia
wyszukiwania obejmowata te same bazy danych — PubMed Central, Medline, Scopus,
EMBASE oraz Cochrane Central — z dodatkowym uwzglednieniem Google Scholar.

Ostatnia aktualizacja wyszukiwania miata miejsce 20 sierpnia 2023 roku. Do analizy
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wiaczono wytacznie artykuty w jezyku angielskim, ktore porownywaty wartosci PLR
u pacjentow z OZW. Kryteria wykluczenia byty identyczne jak w poprzednim badaniu.
Poczatkowe wyszukiwanie ujawnito 2236 artykutéw. Po eliminacji duplikatéw oraz selekcji
na podstawie tytutéw i abstraktéow, a nastepnie petnej oceny wybranych publikacji,
do ostatecznej analizy wtagczono 19 artykutédw. Ryzyko stronniczosci oceniono rowniez
zgodnie z metodologia Newcastle-Ottawa Scale (NOS).

Trzecie badanie miato charakter retrospektywny i zostato przeprowadzone w celu
oceny potencjalnej przydatnosci wskaznikéw pochodzenia ptytkowego w rdznicowaniu
pacjentow z ostrym zespotem wiericowym (OZW/ACS), klasyfikowanych do grup STEMI
i NSTEMI [76]. Analizie poddano pacjentow hospitalizowanych na Oddziale Kardiologii
i Choréb Wewnetrznych Uniwersyteckiego Szpitala nr 1 w Bydgoszczy w okresie od 1
wrzesnia do 21 grudnia 2023 roku. Dane kliniczne oraz laboratoryjne uzyskano
retrospektywnie na podstawie elektronicznej dokumentacji medycznej. Do badania
wiaczono 65 pacjentdw, z czego 25 spetniato kryteria STEMI, a 40 zakwalifikowano do
grupy NSTEMI. W celu pordwnania parametréw hematologicznych oraz wartosci
wskaznikéw ptytkowych pomiedzy obiema grupami przeprowadzono szczegétowe analizy
statystyczne. Dane ciggte przedstawiono jako Srednie + odchylenie standardowe (SD)
i analizowano za pomocag testu t-Studenta dla préb niezaleznych, pod warunkiem
spetnienia zatozen o normalnym rozktadzie (ocenianym testem Shapiro-Wilka).
W przypadku zmiennych o rozktadzie odmiennym od normalnego zastosowano test U
Manna-Whitneya. Zmienne kategoryczne poréwnywano przy uzyciu testu chi-kwadrat lub
doktadnego testu Fishera, gdy oczekiwane wartosci byty mniejsze niz pie¢. Dodatkowo
przeprowadzono analize korelacji z wykorzystaniem wspotczynnika Pearsona w celu
oceny zaleznosci pomiedzy zmiennymi hematologicznymi, w tym wskaznikami
pochodzenia ptytkowego. Aby okresli¢ zdolnos¢ diagnostyczng wybranych wskaznikow
w rdéznicowaniu STEMI i NSTEMI, przeprowadzono analize krzywych ROC (Receiver
Operating Characteristic). Wartos¢ pola pod krzywg (AUC) obliczono dla kazdego
wskaznika, a optymalne wartosci odciecia okres$lono na podstawie indeksu Youdena,
co umozliwito oszacowanie ich czutosci i swoistosci. Wszystkie testy statystyczne byty
dwustronne, a poziom istotnosci ustalono na p < 0,05. Analizy przeprowadzono
w srodowisku RStudio (wersja 2024.12.0+467) z wykorzystaniem dedykowanych pakietéw

statystycznych, w tym tidyverse, pROC oraz corrplot.
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Czwarta publikacja miata na celu ocene wartosci prognostycznej wskaznika
monocytow do lipoprotein o wysokiej gestosci - HDL (MHR) u pacjentéw z ostrymi
zespofami wiedAcowymi [77]. W tym celu przeprowadzono systematyczny przeglad
literatury z meta-analiza zgodnie z wytycznymi PRISMA, a protokdét badania zostat
prospektywnie zarejestrowany w bazie PROSPERO (CRD42023480204). W celu
identyfikacji badan dotyczacych zwigzku MHR z rokowaniem pacjentéw z OZW
przeanalizowano publikacje indeksowane w bazach PubMed, EMBASE, Scopus, Web of
Science oraz Cochrane Library. Strategia wyszukiwania zostata zaprojektowana w taki
sposdb, aby uwzglednic¢ szeroki zakres synonimoéw i terminéw kluczowych zwigzanych
zarowno z MHR, jak i OZW, co pozwolito na uzyskanie mozliwie najbardziej
kompleksowego zbioru danych. Ostateczna aktualizacja wyszukiwania literatury miata
miejsce 26 lutego 2024 roku. Po eliminacji duplikatéw oraz wstepnej selekcji na podstawie
tytutéw i abstraktéw do petnej analizy wtgczono 11 badan obejmujgcych tgcznie
7421 pacjentow. W celu oceny wiarygodnosci i jakosci wigczonych badan zastosowano
skale Newcastle-Ottawa Scale (NOS).

Pigta publikacja miata na celu ocene wartosci diagnostycznej oraz prognostycznej
cystatyny C (CysC) u pacjentéw z OZW [78]. W tym celu przeprowadzono systematyczny
przeglad literatury z meta-analiza zgodnie z wytycznymi PRISMA, a protokét badania
zostat prospektywnie zarejestrowany w bazie PROSPERO (CRD42024575092). Aby ocenic
przydatnosé cystatyny C jako markera diagnostycznego i prognostycznego w populacji
pacjentéw z OZW, przeprowadzono kompleksowe wyszukiwanie literatury w bazach
PubMed, Web of Science, Cochrane Library oraz Embase. Strategia wyszukiwania zostata
starannie opracowana, aby uwzglednic szeroki zakres synonimow i terminéw kluczowych
zwigzanych zaréwno z cystatyng C, jak i réznymi postaciami OZW, w tym zawatem
z uniesieniem odcinka ST (STEMI), zawatem bez uniesienia odcinka ST (NSTEMI) oraz
niestabilng dfawica piersiowg (UAP). Wyszukiwanie ograniczono do artykutow
opublikowanych do 1 sierpnia 2024 roku i obejmowato wytgcznie publikacje w jezyku
angielskim. Po eliminacji duplikatow oraz wstepnej selekcji na podstawie tytutéw
i abstraktow do petnej analizy zakwalifikowano 59 badan, ktdre tgcznie obejmowaty
43 189 pacjentéw. Kryteria wigczenia obejmowaty badania kohortowe oraz case-control,
w ktérych analizowano stezenie cystatyny C w odniesieniu do wynikow klinicznych

pacjentéw z OZW. W celu minimalizacji ryzyka stronniczosci jakos¢ wiaczonych badan
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oceniono przy uzyciu skali Newcastle-Ottawa Scale, a wszelkie rozbieznosci w ocenie
rozwigzywano w drodze konsensusu miedzy autorami.

Szo6sta publikacja, réwniez w formie systematycznego przegladu literatury z meta-
analizg, miata na celu szczegdétowa ocene wartos$ci diagnostycznej i prognostycznej
cystatyny C (CysC) u pacjentéw z OZW [79]. Cystatyna C, jako biomarker zaangazowany
w procesy zapalne, stres oksydacyjny i dysfunkcje srédbtonka, budzi coraz wieksze
zainteresowanie jako potencjalny wskaznik prognostyczny w kardiologii. Podobnie jak
w poprzednich analizach, badanie przeprowadzono zgodnie z wytycznymi PRISMA, a jego
protokot zostat prospektywnie zarejestrowany w bazie PROSPERO (CRD42024575092).
Przeglad literatury obejmowat bazy PubMed, Web of Science, Cochrane Library oraz
Embase, a strategia wyszukiwania zostata zoptymalizowana pod katem uwzglednienia
szerokiego spektrum synoniméw i terminéw zwigzanych z CysC i OZW (STEMI, NSTEMI,
UAP). Wyszukiwanie ograniczono do publikacji w jezyku angielskim opublikowanych
do 1 sierpnia 2024 roku. Po usunieciu duplikatow i wstepnej selekcji na podstawie tytutéw
oraz abstraktow do petnej analizy wtgczono 59 badan, obejmujacych tgcznie 43 189
pacjentéw. Kryteria wiaczenia obejmowaty badania kohortowe oraz case-control,
w ktérych analizowano poziom cystatyny C w kontekscie wynikéw klinicznych pacjentéw
z OZW. Uwzgledniono wytacznie badania dostarczajgce szczegdétowych danych na temat
stezenia CysC oraz jego zwigzku z rokowaniem pacjentéw, w tym z powiktaniami sercowo-
naczyniowymi, takimi jak Smiertelnos¢, ponowny zawat serca, niewydolnos¢ serca oraz
konieczno$¢ ponownej rewaskularyzacji. Aby zapewni¢ wysoka jakos¢ i wiarygodnosc
wynikoéw, ryzyko stronniczosci oceniono przy uzyciu skali Newcastle-Ottawa Scale (NOS),
a wszelkie rozbieznosci w ocenie, podobnie jak w poprzednich analizach, rozwigzywano
w drodze konsensusu miedzy autorami.

Siédma publikacja miata na celu ocene wartosci diagnostycznej rozpuszczalnego
receptora aktywatora plazminogenu typu urokinazy (suPAR) jako biomarkera ostrych
zespotow wiencowych [80]. Wspotczesna medycyna koncentruje sie na identyfikacji
nowych biomarkerow o wysokiej wartosci prognostycznej i diagnostycznej, ktére mogtyby
usprawni¢ wczesne rozpoznanie OZW oraz stratyfikacje ryzyka u pacjentow
hospitalizowanych z podejrzeniem zawatu serca. suPAR, jako marker aktywacji ukfadu
immunologicznego oraz stanu zapalnego, wzbudza rosngce zainteresowanie w kontekscie

jego potencjalnej roli w chorobach sercowo-naczyniowych. Podobnie jak w poprzednich
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meta-analizach, badanie przeprowadzono zgodnie z wytycznymi PRISMA, a jego protokét
zostat prospektywnie zarejestrowany w bazie PROSPERO (CRD42023431413). W celu
kompleksowej oceny przydatnosci suPAR jako markera diagnostycznego w OZW
przeprowadzono systematyczne wyszukiwanie literatury w bazach Web of Science,
PubMed, Scopus oraz Cochrane Central Register of Controlled Trials. Dodatkowo, w celu
zwiekszenia kompletnosci przegladu, przeanalizowano wyniki z Google Scholar oraz
recznie przeszukano listy referencyjne wybranych publikacji. Strategia wyszukiwania
obejmowata szeroki zakres synoniméw i terminéw kluczowych zwigzanych zaréwno
z sUPAR, jak i réznymi postaciami OZW, w tym STEMI, NSTEMI oraz niestabilng dfawica
piersiowg (UA). Wyszukiwanie ograniczono do artykutéw opublikowanych do 16 czerwca
2023 roku i uwzgledniono wyfacznie badania w jezyku angielskim. Po eliminacji
duplikatéw oraz selekcji na podstawie tytutdw i abstraktéw do petnej analizy
zakwalifikowano pieé¢ badan obejmujgcych facznie 3417 pacjentow. Kryteria wigczenia
obejmowaty badania kohortowe i case-control, w ktérych poréwnywano poziomy suPAR
u pacjentéw z OZW oraz w grupach kontrolnych, publikacje dostarczajgce szczegétowych
danych dotyczacych stezen suPAR oraz jego zwigzku z wynikami klinicznymi pacjentéw,
a takze badania raportujgce zwigzek suPAR z powiktaniami sercowo-naczyniowymi, takimi
jak $miertelnos¢, ponowny zawat serca oraz niewydolnos$¢ serca.

Osma i zarazem ostatnia publikacja koncentrowata sie na ocenie wartosci
diagnostycznej oraz prognostycznej endokanu (ESM-1) u pacjentéw z OZW [81]. Endokan,
jako marker dysfunkcji srodbtonka i proceséw zapalnych, budzi coraz wieksze
zainteresowanie w kontekscie patofizjologii zawatu mieénia sercowego oraz jego
potencjalnej roli w stratyfikacji ryzyka u pacjentow z OZW. Podobnie jak w poprzednich
meta-analizach, badanie przeprowadzono zgodnie z wytycznymi PRISMA, a jego protokét
zostat prospektywnie zarejestrowany w bazie PROSPERO (CRD42024575085). W celu
kompleksowej oceny przydatnosci endokanu w diagnostyce i rokowaniu OZW
przeprowadzono systematyczne wyszukiwanie literatury w bazach PubMed, Scopus,
Embase oraz Cochrane Library. Strategia wyszukiwania obejmowata szeroki zakres
synonimow i termindéw kluczowych zwigzanych z endokanem oraz réznymi postaciami
OZW, w tym STEMI, NSTEMI i niestabilng dfawicg piersiowg (UA). Wyszukiwanie
ograniczono do publikacji opublikowanych do 1 sierpnia 2024 roku, uwzgledniajac

wyfacznie artykuty w jezyku angielskim. Po eliminacji duplikatéw oraz selekcji
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na podstawie tytutéw i abstraktéw do petnej analizy zakwalifikowano cztery badania
obejmujace tgcznie 741 pacjentow. Kryteria wigczenia obejmowaty badania kohortowe
i case-control, w ktdrych analizowano stezenie endokanu w odniesieniu do wynikow
klinicznych pacjentow z OZW, publikacje dostarczajgce szczegétowych danych
dotyczacych poziomu ESM-1 oraz jego zwigzku z powiktaniami sercowo-naczyniowymi,
a takze badania raportujace zwigzek endokanu z kluczowymi zdarzeniami sercowo-
naczyniowymi, takimi jak $miertelnos$¢, ponowny zawat serca, niewydolnos¢ serca oraz
konieczno$¢ ponownej rewaskularyzacji. We wszystkich meta-analizach zastosowano
analogiczne kryteria wykluczenia, co pozwolito na zachowanie spdjnosci metodologiczne;j

i umozliwito wiarygodng ocene poréwnawczg réznych biomarkeréw w kontekscie OZW.

4.1. Stosunek neutrofili do limfocytéw (NLR) w diagnostyce i prognostyce OZW
Stosunek neutrofili do limfocytéw (NLR) jest prostym wskaznikiem stanu zapalnego,

obliczanym jako iloraz liczby neutrofili do liczby limfocytéw w krwi obwodowej. Jego
podwyzszone wartosci byly wielokrotnie tgczone z gorszym rokowaniem u pacjentow
z ostrymi zespotami wiencowymi (OZW). We wiasnym przegladzie systematycznym
i meta-analizie obejmujacej 90 badan z udziatem 45 990 pacjentow, wykazano, ze wyzsze
wartosci NLR s3 zwigzane z ciezszymi postaciami OZW, takimi jak zawat serca
z uniesieniem odcinka ST (STEMI), w porédwnaniu do zawatu bez uniesienia odcinka ST
(NSTEMI) [74]. Ponadto, wyzsze NLR korelowato z wyzszg smiertelnoscig oraz czestszym
wystepowaniem powaznych zdarzen sercowo-naczyniowych (MACE) w ciggu 30 dni od
incydentu.

Podwyzszony NLR w OZW jest wynikiem zaburzonej homeostazy uktadu
odpornosciowego, w ktérej dominuje komponent zapalny przy jednoczesnym ostabieniu
odpowiedzi limfocytarnej [83]. Ta nieréwnowaga przyczynia sie do nasilonego stresu
oksydacyjnego, niestabilnosci blaszek miazdzycowych oraz zwiekszonego ryzyka powiktan
zakrzepowych, co istotnie pogarsza rokowanie pacjentdow.

Neutrofile jako kluczowe komorki uktadu odpornosciowego, odgrywaja centralng
role w procesach zapalnych towarzyszacych miazdzycy. Ich nadmierna aktywacja
prowadzi do wzmozonej produkcji reaktywnych form tlenu (ROS), ktdre uszkadzaja
srodbtonek naczyniowy i przyspieszajg utlenianie lipiddw, co sprzyja destabilizacji blaszki

miazdzycowej [84,85]. Dodatkowo, neutrofile uwalniajg enzymy proteolityczne, takie jak
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elastaza i mieloperoksydaza, ktére degraduja macierz zewnatrzkomorkowaq i ostabiajg
strukture blaszki, czynigc jg bardziej podatng na pekniecie. Innym istotnym mechanizmem
jest formowanie przez neutrofile putapek zewngtrzkomérkowych (NETs), ktére zawierajg
DNA, histony i enzymy proteolityczne, nasilajagc miejscowy stan zapalny i aktywacje ptytek
krwi, co dodatkowo zwieksza ryzyko zakrzepicy [86].

Jednoczesnie limfopenia, obserwowana u pacjentéw z wysokim NLR,
odzwierciedla ostabienie odpowiedzi immunologicznej, co moze wynikac z przewlektego
stresu zapalnego i wzrostu poziomu kortyzolu, ktéry dziata immunosupresyjnie i indukuje
apoptoze limfocytédw [87]. Zmniejszenie liczby limfocytow, w szczegdlnosci limfocytow
T-regulatorowych (Treg), prowadzi do ostabienia mechanizmédw ochronnych przed
nadmiernym stanem zapalnym, co sprzyja dalszemu uszkodzeniu naczyn i progresji
miazdzycy. Dodatkowo, wysoka aktywnosc¢ prozapalnych cytokin, takich jak interleukina 6
(IL-6) czy czynnik martwicy nowotworéw (TNF-a), dodatkowo hamuje proliferacje
limfocytéw, przyczyniajagc sie do wzrostu ryzyka powaznych zdarzen sercowo-
naczyniowych.

Podwyzszony NLR nie tylko odzwierciedla nasilony stan zapalny, ale takze wskazuje
na zwiekszong aktywnos$¢ prozakrzepowg [88]. Neutrofile promujg ekspresje czynnika
tkankowego (TF), aktywujgcego kaskade krzepniecia i prowadzgcego do tworzenia
zakrzepow w naczyniach wiencowych. Ponadto, neutrofile mogg powodowac¢ dysfunkcje
Srdédbtonka poprzez zmniejszenie biodostepnosci tlenku azotu (NO), co skutkuje skurczem
naczyn i wzrostem ryzyka incydentéw sercowo-naczyniowych [89]. Wysokie wartosci NLR
sq rowniez skorelowane z podwyzszonymi poziomami fibrynogenu, D-dimeréw oraz
wskaznikami nadkrzepliwosci, co czyni go uzytecznym markerem do oceny ryzyka
powiktan zakrzepowo-zatorowych u pacjentéw z OZW.

Istnieje takze silna korelacja pomiedzy podwyzszonym NLR a innymi markerami
stanu zapalnego i uszkodzenia naczyn. W badaniach wykazano, ze NLR koreluje dodatnio
z poziomem biatka C-reaktywnego (CRP), ktére jest klasycznym wskaznikiem ostrego
stanu zapalnego oraz markerem ryzyka sercowo-naczyniowego [90]. Dodatkowo,
podwyzszony NLR wigze sie z wyzszymi poziomami troponiny | i troponiny T, co wskazuje
na wiekszy stopien martwicy miesnia sercowego [91,92]. Ponadto, u pacjentow z wysokim
NLR stwierdzono podwyzszone stezenie interleukin prozapalnych, co potwierdza zwigzek

miedzy nasileniem reakcji zapalnej a ryzykiem incydentéw sercowych [93].
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Nie bez znaczenia jest takze dtugoterminowy wptyw wysokiego NLR na rokowanie
pacjentéw z OZW. Badania wykazaty, ze podwyzszony NLR jest niezaleznym czynnikiem
predykcyjnym wiekszego ryzyka rehospitalizacji oraz Smiertelnosci w ciggu pierwszego
roku po epizodzie wienicowym [94]. U pacjentéw po OZW wysoki NLR byt zwigzany
z wiekszg czestoscia wystepowania przewlekiej niewydolnosci serca oraz progresja
miazdzycy, co podkresla jego warto$é prognostyczng [95]. Dong i wsp. przeprowadzili
metaanalize obejmujacg 8 badan z tgczng liczbg 9 406 pacjentéow z OZW [96]. Wyniki
wykazaty, ze podwyzszony wskaznik neutrofili do limfocytéw (NLR) byt istotnie zwigzany
z wyzszym ryzykiem $miertelnosci wewnatrzszpitalnej oraz dtugoterminowej. Autorzy
podkreslili znaczenie NLR jako prostego i tatwo dostepnego wskaZznika prognostycznego
w praktyce klinicznej.

W badaniu przeprowadzonym przez Kurniawana i wsp. stwierdzono,
ze podwyzszony NLR jest zwigzany z wyzszym ryzykiem zdarzen sercowo-naczyniowych
oraz Smiertelnosci u pacjentéw z chorobg tetnic obwodowych (PAD) [97]. Metaanaliza
obejmujgca 5243 pacjentow wykazata, ze wysoki NLR wigzat sie z co najmniej dwukrotnym
wzrostem ryzyka zgonu z dowolnej przyczyny (ACM), powaznych zdarzen dotyczacych
koniczyn (MALE) oraz powaznych zdarzen sercowo-naczyniowych (MACE).

Podobnie, w badaniu dotyczacym chordb aorty wykazano, ze podwyzszony NLR

jest zwigzany z wyzszg Smiertelnoscia wewnatrzszpitalng. Metaanaliza obejmujaca
pacjentdw z tetniakiem aorty oraz rozwarstwieniem aorty wykazata, ze podwyzszony NLR
byt istotnie zwigzany z wyzszym ryzykiem zgonu w szpitalu [98].
W artykule Kuzniar-Placek i wsp., autorzy stwierdzili, ze NLR ma istotne znaczenie
w niektdérych chorobach sercowo-naczyniowych, takich jak choroba niedokrwienna serca,
zaburzenia rytmu serca oraz nadcisnienie tetnicze [99]. W tych jednostkach chorobowych
NLR stanowi istotny czynnik predykcyjny gorszego rokowania, krotszego czasu przezycia
oraz wystgpienia groznych dla zycia zaburzen rytmu.

W kontekscie nadcisnienia tetniczego, stan zapalny niskiego stopnia odgrywa
istotng role w jego rozwoju. Podwyzszone wartosci NLR istotnie korelujg ze zwiekszonym
ryzykiem wystgpienia nadcisnienia, co sugeruje, ze NLR moze by¢ uzyteczny w ocenie
klinicznej tego schorzenia [100].

Zastosowanie NLR zaobserwowano takze w chorobach naczyn obwodowych.

Wsrod pacjentédw z chorobg Kawasaki okazato sie, ze NLR jest wyzszy u chorych, u ktérych
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stwierdzono opornos$¢ na podane dozylnie immunoglobuliny niz u chorych, ktérzy dobrze
zareagowali na leczenie immunoglobulinami [101]. Wsrdéd pacjentéw z wyzszymi
wartosciami NLR znacznie cze$ciej obserwowano powiktania, takie jak poszerzenie naczyn
wiencowych oraz tetniaki [101,102].

Znaczenie NLR obserwuje sie takze u pacjentdw z zaburzeniami rytmu serca [103].
Wsrod pacjentéw z niezastawkowym migotaniem przedsionkdw zaobserwowano istotnie

wyzszy NLR, jesli doszto do rozwoju skrzepliny w lewym przedsionku [104].

4.2. Wskazniki ptytkowo-hematologiczne w diagnostyce i prognostyce OZW

Kolejnym markerem poddanym ewaluacji byt wskaznik ptytkowo-limfocytarny (PLR),
bedacy prostym stosunkiem liczby ptytek krwi do limfocytow, ktory w ostatnich latach stat
sie przedmiotem intensywnych badan jako potencjalny biomarker prognostyczny
i diagnostyczny w kardiologii, szczegdlnie w kontekscie ostrych zespotéw wiencowych
(0zZW) [76]. Jego rosngca popularnos¢ wynika z faktu, ze odzwierciedla jednocze$nie dwa
kluczowe procesy patofizjologiczne: aktywacje ptytek, zwigzang z tendencjg do zakrzepicy,
oraz stan zapalny, ktéry odgrywa centralng role w destabilizacji blaszek miazdzycowych.
Cho¢ PLR nie jest jeszcze rutynowo stosowany w praktyce klinicznej, liczne badania
sugerujg jego przydatnosé w stratyfikacji ryzyka u pacjentéw z OZW, co otwiera nowe
mozliwosci w personalizacji leczenia [75,76,105]. Odzwierciedlenie tego faktu mozna
znalez¢ w przeprowadzonej meta-analizie obejmujacej 19 badan, w ktérej uzyskane
wyniki badan potwierdzity istotnosé kliniczng wskaznika ptytkowo-limfocytarnego (PLR)
W prognozowaniu stanu pacjentéw z OZW. Aby zweryfikowac przydatnos¢ PLR jako
narzedzia stratyfikacji ryzyka, niezbedne sg prospektywne badania kliniczne, ktére okresla
jego wartos¢ w populacji kardiologicznej. Obserwacje sugerujg, ze PLR moze petnié
funkcje zastepczego markera niedroznosci mikrokrgzenia wiencowego oraz ryzyka
wystgpienia zjawiska braku przeptywu (no-reflow), co mogtoby wptyngé na optymalizacje
postepowania terapeutycznego, np. poprzez wczesniejsze wdrozenie inhibitorow
GPIIb/Illa u pacjentdw wysokiego ryzyka. W praktyce klinicznej istotnym wyzwaniem
pozostaje identyfikacja chorych z wysokim prawdopodobieristwem wystgpienia no-
reflow. Wykorzystanie PLR w tym kontekscie mogtoby umozliwi¢ opracowanie

precyzyjnych strategii profilaktycznych lub terapeutycznych, co w konsekwencji
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przektadatoby sie na redukcje smiertelnosci zaréwno w okresie hospitalizacji, jak
i w obserwacji dtugoterminowej.

Podstawg zainteresowania PLR w kardiologii jest scisty zwigzek miedzy uktadem
immunologicznym a progresjg miazdzycy. Proces zapalny inicjowany przez cytokiny, takie
jak interleukina-6 (IL-6) czy czynnik martwicy nowotworéw o (TNF-a), prowadzi do
destabilizacji blaszek poprzez aktywacje metaloproteinaz (MMP), ktére ostabiajg
wtdknistg pokrywe blaszki. Jednoczes$nie, zwiekszona liczba ptytek krwi, obserwowana
w podwyzszonym PLR, sprzyja tworzeniu sie zakrzepdw w miejscu pekniecia blaszki.
Metaanaliza Li i wsp., obejmujaca dane az 12 619 pacjentow, wykazata, ze wartos¢ PLR
powyzej 180 przy przyjeciu do szpitala koreluje z 35% wzrostem ryzyka zgonu w ciggu 30
dni oraz 28% wzrostem ryzyka wystgpienia zjawiska ,no-reflow” po przezskérnej
interwencji wiericowej (PCl) [105,106]. Co istotne, efekt ten utrzymywat sie
w dtugoterminowej obserwacji — po 82 miesigcach pacjenci z wysokim PLR mieli 0 22%
wyzsze ryzyko ponownego zawatu w poréwnaniu do grupy z prawidtowym wskaznikiem.
Whioski te potwierdzajg badania Donga i wsp., ktorzy dodatkowo zaobserwowali, ze PLR
moze byc¢ szczegdlnie przydatny u pacjentéw z niestabilng dtawica piersiowa, u ktérych
wartos$¢ powyzej 190 wigzata sie z 3-krotnie wyzszym ryzykiem nagtego zatrzymania
krgzenia [107].

W ostrym niedokrwieniu miesnia sercowego dochodzi do masywnej aktywacji
ptytek krwi, ktére uwalniajg mediatory prozakrzepowe, takie jak tromboksan A2 (TXA2)
i adenozynodifosforan (ADP). Te czgsteczki indukujg agregacje ptytek poprzez aktywacje
receptoréw GPlIb/Illa, co prowadzi do formowania niestabilnej skrzepliny w miejscu
pekniecia blaszki miazdzycowej [108]. Wtasna Metaanaliza 19 badan z 2023 r. wykazata,
Ze u pacjentéw z ostrymi zespotami wiencowymi (OZW) i wartoscig PLR > 164 ryzyko
wystgpienia powaznych incydentéw sercowo-naczyniowych (MACE) byto o 40% wyzsze
niz w grupie z PLR < 115 (MD = 40,14; p < 0,001) [75]. Dodatkowo, aktywowane ptytki
uwalniajg cytokiny prozapalne, takie jak interleukina 1B (IL-1B) i transformujacy czynnik
wzrostu B (TGF-B), ktdre nasilajg migracje makrofagéw do Sciany naczynia, przyspieszajac
destabilizacje blaszek miazdzycowych.

Uszkodzenie kardiomiocytow w przebiegu OZW wyzwala lokalng i systemowa
reakcje immunologiczng, w wyniku ktorej limfocyty T i B migrujg do strefy niedokrwienia,

co skutkuje przejsciowg limfopenig obwodowa. To zjawisko, okreslane mianem "przecieku
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immunologicznego", zostato potwierdzone w badaniach na modelach zwierzecych, gdzie
zmniejszenie liczby limfocytow we krwi obwodowej o 30-40% korelowato z rozlegtoscia
martwicy miesnia sercowego [109]. Metaanaliza 8 badan z 2017 r. wykazata, ze pacjenci
z PLR > 150 mieli 2,27-krotnie wyzsze ryzyko zgonu w porownaniu do grupy z PLR < 150
(RR =2,27; 95% Cl: 1,35-3,80; p = 0,002) [106]. Kluczowg role w regulacji odpowiedzi
immunologicznej odgrywaja limfocyty T regulatorowe (Treg), ktdérych liczba spada
w ostrych stanach zapalnych [110]. Komérki te hamujg nadmierng odpowiedz zapalng
poprzez wydzielanie IL-10 i TGF-B, ograniczajac tym samym uszkodzenie reperfuzyjne
[111]. Badania na myszach z niedoborem limfocytéw T regulatorowych (Treg) wykazaty,
ze ich brak prowadzi do zwiekszonej akumulacji neutrofili w miesniu sercowym oraz
uposledzenia procesdw regeneracyjnych. W jednym z eksperymentéw wykorzystano
myszy z modyfikacjg genetyczng Foxp3DTR/GFP, u ktérych mozliwe byto selektywne
usuniecie Treg poprzez podanie toksyny btoniczej [112]. Zaobserwowano, ze u tych
gryzoni dochodzito do wzmozonej infiltracji neutrofili w obszarze zawatu, a takze do
pogorszenia funkcji skurczowej lewej komory, zwiekszenia obszaru zwitdknienia
i zmniejszenia gestosci naczyn krwionosnych w strefie uszkodzenia [113].

Systemowa reakcja stresowa w przebiegu OZW, zwigzana z wyrzutem kortyzolu
i katecholamin, znaczaco wptywa na profil hematologiczny pacjentow. Kortyzol indukuje
demarginalizacje neutrofili ze $ledziony i szpiku kostnego, co skutkuje wzgledng
neutrofilig, natomiast katecholaminy, takie jak adrenalina, aktywujg receptory
B2-adrenergiczne na limfocytach, przyspieszajac ich apoptoze. Niski poziom limfocytéw w
PLR moze réwniez zaburza¢ procesy naprawcze w miesniu sercowym. Limfocyty B
uczestniczg w usuwaniu martwiczych komaorek poprzez fagocytoze, podczas gdy limfocyty
T CD4+ stymulujg angiogeneze poprzez wydzielanie czynnika wzrostu srodbtonka
naczyniowego (VEGF).

Mimo obiecujgcych danych, zastosowanie PLR w praktyce klinicznej napotyka
powazne wyzwania. Najwazniejszym jest brak jednolitego progu odciecia — w réznych
badaniach wartosci uznawane za patologiczne wahajg sie od 130 do 220 [112,114,115].
W analizie kohortowej Kazema i wsp., obejmujacej starszg populacje (Srednia wieku 72
lata), dopiero PLR powyzej 220 wykazywat istotng korelacje z 12-letnim ryzykiem zgonu

sercowo-naczyniowego [116]. Innym problemem jest interferencja z leczeniem — beta-
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blokery i statyny moga obniza¢ PLR poprzez redukcje stanu zapalnego, co utrudnia
interpretacje wynikow u pacjentéw juz przyjmujgcych te leki.

W kontekscie réznic ptciowych, wstepne dane sugerujg, ze PLR moze mie¢ wyzszg
warto$¢ prognostyczng u kobiet. W badaniu kohortowym 2300 pacjentow z OZW, kobiety
z PLR >185 miaty 2,1-krotnie wyzsze ryzyko wstrzasu kardiogennego w poréwnaniu do
mezczyzn z podobnymi wartosciami [117]. Jedna z hipotez ttumaczacych to zjawisko jest
modulujacy wptyw estrogendéw na aktywnos¢ ptytek — estradiol moze nasilaé ekspresje
receptoréw GPIIb/Illa, zwiekszajgc wrazliwos$é na czynniki proagregacyjne. Jednoczesnie,
u kobiet obserwuje sie silniejszg odpowiedz limfocytéw T helper 17 (Th17) na uszkodzenie
miesnia sercowego, co moze pogtebia¢ limfopenie. Te obserwacje wskazuja,
ze w przysztosci mogg powstaé osobne algorytmy interpretacji PLR dla obu pfci.

W tym miejscu warto pamieta¢, iz wskazniki ptytkowo — hematologiczne to nie
tylko wskaznik ptytek do limfocytéw. W badaniach nad ostrymi zespotami wieficowymi
(OZW) szczegdlng uwage zwrdécono na wskaznik liczby ptytek krwi do hematokrytu
(PLT/HCT). Wykazano, ze wskaznik ten ma umiarkowang zdolnos¢ dyskryminacyjna,
z polem pod krzywa (AUC) wynoszacym 0,60, czutoscia 48% i swoistoscig 80% [76].
Chociaz te wartosci wskazujg na umiarkowang skutecznos¢ w rozrdéznianiu standow
klinicznych, podkreslajg one znaczenie interakcji miedzy ptytkami krwi a poziomem
hematokrytu w kontekscie niedokrwienia miesnia sercowego [118]. Dodatkowo
analizowano inne wskazniki, takie jak stosunek liczby ptytek krwi do hemoglobiny
(PLT/Hb) oraz stosunek liczby ptytek krwi do liczby erytrocytéw (PLT/RBC). Wykazano, ze
majg one niewielkie, ale istotne korelacje z wynikami klinicznymi i markerami zapalnymi,
co sugeruje réwniez ich potencjalng przydatnos¢ jako dodatkowych narzedzi
diagnostycznych. Te obserwacje podkres$lajg ztozong interakcje miedzy procesami
zakrzepowymi, erytropoetycznymi i zapalnymi w przebiegu OZW. Warto rowniez zwrdcié
uwage na wskaznik liczby ptytek krwi do stezenia cholesterolu catkowitego, ktéry wykazat
znaczacg odwrotng korelacje z poziomem cholesterolu (r = -0,63). Sugeruje to z kolei
wystepowanie zaleznosci miedzy metabolizmem lipiddw a procesami zakrzepowymi
[119]. Podobnie, wskaznik PLT/HCT wykazat umiarkowang negatywng korelacje
z hematokrytem (r = -0,59), co moze mie¢ znaczenie w kontekscie anemii i hemodilucji
[76]. Analiza wskaznika liczby ptytek krwi do $redniej objetosci ptytek (PLT/MPV) to

kolejny potencjalny wskaznik ktory nalezy rozwazy¢ w aspekcie diagnostyki i prognostyki
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OZW. Przeprowadzone badanie réwniez tu ujawnito silng dodatnig korelacje z liczbg
ptytek krwi (r = 0,66), co podkresla wptyw objetosci ptytek na potencjat zakrzepowy [76].
Ponadto, wskaznik liczby ptytek krwi do liczby leukocytéw (PLT/WBC) wykazat stabszg, ale
istotng korelacje z markerami zapalnymi, co moze sugerowaé jego przydatnos¢ jako
wskaznika stanu zapalnego w organizmie.

Podsumowujac, rézne wskazniki oparte na liczbie ptytek krwi w odniesieniu do
innych parametrow hematologicznych i biochemicznych mogag dostarcza¢ cennych
informacji na temat ztozonych interakcji miedzy procesami zakrzepowymi,

erytropoetycznymi i zapalnymi w kontekscie ostrych zespotéw wiericowych.

4.3. Porownanie NLR i PLR
NLR i PLR jak wykazano powyzej to wskazniki zapalne wykorzystywane w ocenie

rokowania u pacjentdw z ostrymi zespotami wiencowymi. Cho¢ oba odzwierciedlajg
procesy zapalne, réznig sie mechanizmami patofizjologicznymi. NLR koncentruje sie na
réwnowadze miedzy odpowiedzig zapalng (neutrofile) a regulacja immunologiczna
(limfocyty), co jest kluczowe w rozwoju miazdzycy i destabilizacji blaszki miazdzycowej
[120]. Z kolei PLR uwzglednia role ptytek w procesach zakrzepowych i modulacji zapalenia
poprzez uwalnianie cytokin, takich jak TGF-f czy PDGF [121].

W badaniach klinicznych przewaga NLR lub PLR zalezy od kontekstu. Metaanaliza
8 badan z udziatem 6627 pacjentéw z OZW wykazata, ze podwyzszony PLR (>150) wigzat
sie z 2,15-krotnym wzrostem ryzyka zgonu wewnatrzszpitalnego i 2,27-krotnym ryzykiem
dtugoterminowej $miertelnosci [106]. Jednak w badaniu poréwnujagcym NLR, PLR
i Systemic Inflammation Response Index (SIRI) u 247 pacjentéw z OZW, NLR wykazywat
silniejszg korelacje z wynikami GRACE (wskaznik ryzyka $miertelnosci) niz PLR, choc
najskuteczniejszym markerem okazat sie SIRI [120]. W innym badaniu z 2021 r.
obejmujgcym 300 pacjentéw z zawatem serca (AMI), AUC (area under the curve) dla NLR
wyniosto 0,882, podczas gdy dla PLR — 0,810, co potwierdza wyzszg czutos¢ NLR
w prognozowaniu powiktan [122].

PLR moze by¢ jednak szczegdlnie przydatny w ocenie ryzyka zakrzepowego.
Metaanaliza 19 badan z 2023 r. wykazata, ze u pacjentéw z OZW i wysokim PLR (>164)
ryzyko wystgpienia powaznych incydentéw sercowo-naczyniowych (MACE) byto o 40%

wyzsze niz w grupie z niskim PLR [75]. W badaniu retrospektywnym z 2017 r.,
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obejmujgcym 8932 pacjentéw, wysokie PLR wigzato sie z 2,24-krotnym wzrostem ryzyka
powiktan wewnatrzszpitalnych [106]. Co istotne, potgczenie obu wskaznikow (PLR-NLR)
moze zwiekszy¢ doktadnos¢ prognostyczng. W badaniu z 2021 r. pacjenci z niskimi
wartosciami obu parametréw (grupa PLR-NLR 0) mieli 100% przezywalnos$¢ w ciggu 2 lat,
podczas gdy w grupie z wysokimi warto$ciami (grupa PLR-NLR 2) przezywalnos¢ spadata
do 70% [122]. Roznice w wynikach badan moga wynika¢ z czynnikédw takich jak
heterogennosc¢ populacji (np. wiek, cukrzyca), czas pomiaru (NLR reaguje szybciej na ostry
stres, podczas gdy PLR odzwierciedla przewlekty stan zapalny) oraz metodologia (np.
rézne punkty odciecia dla PLR) [123]. U mtodych pacjentdw z ostrym zawatem serca, NLR
jest silniej zwigzany z uszkodzeniem miednia sercowego, co podkresla znaczenie
dostosowania wskaznikéw do profilu pacjenta [120].

Resumujgc, NLR w poréwnaniu z PLR pozostaje preferowanym markerem
w ostrych fazach OZW ze wzgledu na szybka reakcje na stan zapalny i silniejszg korelacje
z wynikami GRACE [120,124]. PLR ma natomiast wartos¢ uzupetniajgcy, szczegdlnie
w ocenie ryzyka zakrzepicy i dtugoterminowych powiktan [121]. Kombinacja NLR-PLR
moze by¢ przydatna w stratyfikacji ryzyka, ale wymaga walidacji w prospektywnych
badaniach [124]. Kluczowe jest uwzglednienie kontekstu klinicznego, takich jak wiek
pacjenta czy wspotistniejgce choroby, aby optymalnie wykorzysta¢c oba wskazniki

w praktyce kardiologiczne;.

4.4. Stosunek monocytow do cholesterolu HDL (lipoprotein o duzej gestosci)
Tradycyjne biomarkery, takie jak troponina, majg ograniczenia w ocenie

dtugoterminowego rokowania. Rosngce zainteresowanie wzbudzajg wskazniki tgczace
stan zapalny i dyslipidemie, w tym wskaznik stosunku monocytéw do cholesterolu
HDL (MHR), ktéry odzwierciedla réwnowage miedzy prozapalng aktywnosciag monocytow
a przeciwzapalnymi wiasciwosciami cholesterolu HDL [77,125].

Monocyty odgrywaja kluczowa role w inicjacji i progresji miazdzycy. W odpowiedzi
na sygnaty chemotaktyczne, takie jak CCL2, migrujg do $cian naczyn krwionosnych, gdzie
rdznicujg sie w makrofagi. Te, poprzez wychwyt utlenionych lipoprotein o niskiej gestosci
(oxLDL) za posrednictwem receptoréw SR-A i CD36, przeksztatcajg sie w komorki
piankowate. Proces ten aktywuje szlaki prozapalne, w tym NF-kB, prowadzgc do sekrecji

cytokin prozapalnych, takich jak IL-6 i TNF-a, oraz metaloproteinaz, w tym MMP-9, ktére
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przyczyniajg sie do destabilizacji blaszki miazdzycowej [126,127]. Dodatkowo, monocyty
generujg reaktywne formy tlenu (ROS) poprzez aktywnos$¢ NADPH oksydazy, nasilajac
stres oksydacyjny i uszkodzenie srédbtonka [126,128]. Cholesterol HDL (HDL-C) natomiast
petni kluczowa role w przeciwdziataniu tym procesom, wykazujgc wielokierunkowe
dziatanie przeciwmiazdzycowe. Jednym z jego mechanizmdéw ochronnych jest hamowanie
adhezji monocytéow do S$ciany naczynia poprzez blokowanie ekspresji czasteczek
adhezyjnych, takich jak VCAM-1 i ICAM-1, oraz inhibicje integryny CD11b na monocytach,
co skutecznie ogranicza ich migracje do scian naczynd [126,127]. Dodatkowo, HDL-C
wykazuje silne dziatanie przeciwutleniajgce, neutralizujgc ROS poprzez zwigzanie
enzymow antyoksydacyjnych, takich jak paraoksonaza-1, chronigc tym samym LDL przed
utlenieniem [126,129]. Kolejnym istotnym mechanizmem jest transport zwrotny
cholesterolu, w ktérym HDL-C promuje efflux cholesterolu z makrofagéw do watroby
poprzez receptory SR-Bl i ABCA1l, zapobiegajagc akumulacji lipiddw w komdrkach
piankowatych i ograniczajgc progresje zmian miazdzycowych [129].

Sam wskaznik MHR stanowi natomiast zintegrowang miare rownowagi zapalno-
metabolicznej, odzwierciedlajac jednoczesnie aktywacje uktadu immunologicznego oraz
status metaboliczny pacjenta. Sktadnik zapalny, reprezentowany przez liczbe monocytéw
powyzej 0,6 x103/uL, odzwierciedla pobudzenie uktadu immunologicznego w wyniku
ostrego stresu, takiego jak niedokrwienie miesnia sercowego badz przewlektych stanéw
zapalnych, takich jak cukrzyca czy przewlekta choroba nerek (CKD) [13]. Z kolei obnizone
stezenie HDL-C (<40 mg/dL u mezczyzn, <50 mg/dL u kobiet) wigze sie z uposledzona
funkcja antyoksydacyjng i zwiekszong akumulacjg oxLDL [126,127]. Wspétistnienie tych
dwéch czynnikdow sprzyja progresji miazdzycy, co potwierdzajg badania kliniczne
[127,129]. Na poziomie molekularnym HDL-C wptywa na kluczowe szlaki sygnatowe
i procesy komdrkowe, ktore regulujg progresje miazdzycy. Hamuje aktywacje szlaku
TLR4/MyD88 w monocytach, co prowadzi do obnizenia produkcji cytokin prozapalnych,
takich jak IL-1B i IL-18, a tym samym ogranicza lokalny stan zapalny w $cianie naczynia
[126]. Ponadto, w warunkach niskiego stezenia HDL-C, makrofagi wykazujg zwiekszong
ekspresje biatek proapoptotycznych, takich jak Bax, co prowadzi do ich nadmiernej smierci
i destabilizacji blaszki miazdzycowej [129]. To zjawisko zwieksza ryzyko jej pekniecia, co w
konsekwencji moze prowadzi¢ do incydentéw sercowo-naczyniowych, takich jak zawat

serca czy udar mézgu. Mozna zatem przyjgé, iz interakcja miedzy monocytami a HDL-C
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odgrywa kluczowg role w patogenezie miazdzycy. Wskaznik MHR, jako odzwierciedlenie
tej rownowagi, moze stanowi¢ przydatne narzedzie prognostyczne w ocenie ryzyka
sercowo-naczyniowego. Jego podwyzszona wartos¢ wskazuje na zwiekszong aktywacje
zapalng oraz ostabiong zdolno$é organizmu do neutralizacji stresu oksydacyjnego
i regulacji gospodarki lipidowej, co czyni go potencjalnym markerem w identyfikacji
pacjentéw wymagajacych intensywniejszej terapii prewencyjne;.

Przeprowadzona metaanaliza 11 badan z udziatem 7421 pacjentow z OZW
wykazata, ze podwyzszony stosunek monocytéw do cholesterolu HDL (MHR) jest
niezaleznym predyktorem $miertelnosci i powiktan. W grupie z wysokim MHR ryzyko
zgonu wewnatrzszpitalnego wynosito 5,5% (vs. 0,9% w grupie z niskim MHR), a ryzyko
zgonu w ciggu roku — 10,2% (vs. 4,2%). Ponadto, wysokie MHR wigzato sie z 2,6-krotnym
wzrostem ryzyka zgonu i 1,65-krotnym wzrostem ryzyka MACE w poréwnaniu z grupa
kontrolng [77]. W badaniu kohortowym NHANES, obejmujacym 34 335 uczestnikow
z populacji ogdlnej USA, osoby w najwyzszym tertylu MHR miaty o 44% wyisze ryzyko
zgonu sercowo-naczyniowego (HR = 1,44; 95% Cl: 1,17-1,77) w porédwnaniu z grupa
o najnizszych warto$ciach MHR [127]. Wyniki te potwierdzaja, ze MHR jest uniwersalnym
biomarkerem, przydatnym zaréwno u pacjentow z OZW, jak i w populacji ogolnej.

MHR wykazuje silny zwigzek z zaawansowaniem miazdzycy tetnic wiencowych,
mierzonym za pomoca skali SYNTAX i Gensini. W badaniu z udziatem 2661 pacjentow
z OZW stwierdzono dodatnig korelacje miedzy MHR a wynikiem Gensini (r = 0,407;
p <0,001) i SYNTAX (r=0,333; p < 0,001). Potwierdza to réwniez analiza 406 pacjentéw z
ostrym zawatem serca (AMI), gdzie sredni MHR w grupie z wielonaczyniowymi zmianami
wynosit 0,73 x10°/mmol, podczas gdy w grupie z pojedynczymi zmianami — 0,54
x10°/mmol (réznica 35%; p < 0,01) [129]. Co wiecej, w badaniu retrospektywnym z 132
pacjentami ze STEMI wykazano, ze MHR > 0,469 pozwala przewidzie¢ wysoki wynik
Gensini (AUC = 0,750; czutos$¢ 75%, specyficznos¢ 71,9%) [131].

Wykazano, ze MHR ma znaczenie prognostyczne u pacjentéw po PCl. W badaniu
z udziatem 2661 oséb z OZW, u ktérych zastosowano PCl, wysokie MHR (>0,013) wigzato
sie z 3,26-krotnym wzrostem ryzyka MACE i 3,65-krotnym wzrostem ryzyka zgonu
w poréwnaniu z grupa o niskim MHR [129]. Metaanaliza potwierdzita réwniez,
ze u pacjentéw po PCl z wysokim MHR $miertelnos¢ dtugoterminowa byta o

13,7% wyzsza niz w grupie kontrolnej (7,5% vs. 13,7%; p < 0,001) [77].
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Warto jednak pamietaé, iz MHR jest dynamicznym wskaznikiem, ktéry podlega
znacznym wahaniom w odpowiedzi na rézne czynniki kliniczne jak i fizjologiczne. Jednym
z kluczowych aspektow wptywajacych na wartos¢ MHR jest czas pomiaru [77]. Badania
wykazujg, ze MHR zaczyna wzrastaé juz w ciggu 4—8 godzin od wystgpienia objawdéw
ostrego zespotu wiericowego (OZW), co czyni go przydatnym narzedziem w szybkim
réznicowaniu pacjentow wymagajacych pilnej interwencji. Wzrost ten wynika gtéwnie
z aktywacji uktadu immunologicznego i mobilizacji monocytéw w odpowiedzi na
uszkodzenie $rédbtonka i niedokrwienie miesnia sercowego. Wzrost liczby monocytow
przy jednoczesnym spadku HDL-C odzwierciedla nasilony stan zapalny oraz upos$ledzonag
zdolnos¢ organizmu do neutralizacji wolnych rodnikéw tlenowych i utrzymania stabilnosci
blaszek miazdzycowych.

Choroby wspdfistniejgce stanowig kolejny istotny czynnik modulujacy wartosé
MHR. Cukrzyca oraz przewlekta choroba nerek (CKD) sg schorzeniami charakteryzujgcymi
sie przewlektym stanem zapalnym i zaburzong gospodarka lipidowa. U pacjentéow
z cukrzycy obserwuje sie zwiekszong aktywnos$¢ monocytédw oraz ich sktonnos$é do
przeksztatcania sie w makrofagi prozapalne, co prowadzi do nasilonej progresji miazdzycy.
Jednoczesnie cukrzyca sprzyja obnizeniu poziomu HDL-C, ograniczajgc jego wtasciwosci
przeciwzapalne i przeciwutleniajgce [127]. Podobne mechanizmy zachodzg u pacjentéw
z przewlektg chorobg nerek (CKD), gdzie przewlekta dysfunkcja nerek powoduje kumulacje
mediatorow zapalnych i nasilenie stresu oksydacyjnego, co dodatkowo zwieksza stosunek
monocytow do HDL-C. W efekcie osoby z tymi schorzeniami majg wyzszy poziom MHR,
co moze ttumaczy¢ ich wieksze ryzyko powiktan sercowo-naczyniowych, w tym zawatu
serca czy niewydolnosci serca.

Istotnym czynnikiem rdéznicujgcym wartosci MHR jest takze pteé¢ pacjentow.
Badania wskazujg, ze mezczyini z OZW majg statystycznie wyzsze wartosci MHR
w poréwnaniu do kobiet [129]. Moze to wynika¢ z kilku czynnikdw, w tym rdznic
w poziomach hormonoéw ptciowych oraz odmiennych profili zapalnych. Testosteron
wptywa na funkcje uktadu immunologicznego, promujac aktywacje monocytdw i nasilajac
ich udziat w procesach zapalnych [132,133]. Z kolei estrogeny wykazujg dziatanie
ochronne, zwiekszajac stezenie HDL-C i redukujac ryzyko miazdzycy [134,135]. Te rdznice

moga ttumaczy¢ obserwowane odmienne rokowanie u mezczyzn i kobiet z OZW, gdzie
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wyzszy poziom MHR u mezczyzn koreluje z gorszym rokowaniem i wiekszym ryzykiem
powikfan sercowo-naczyniowych.

Zastosowanie MHR w praktyce klinicznej niesie ze sobg wiele zalet, ktére czynia
ten wskaznik obiecujgcym narzedziem prognostycznym. Jedng z gtdwnych zalet MHR jest
jego niski koszt oraz powszechna dostepnos¢. Do jego oznaczenia wystarczy rutynowa
morfologia krwi oraz lipidogram, co sprawia, ze moze byc¢ tatwo wdrozony w codziennej
praktyce klinicznej bez koniecznosci ponoszenia dodatkowych kosztéw. W poréwnaniu do
innych wskaznikdw zapalnych, takich jak stosunek neutrofili do limfocytéw (NLR) czy
stosunek ptytek krwi do limfocytow (PLR), MHR wykazuje lepszg czutos¢ w prognozowaniu
powaznych zdarzen sercowo-naczyniowych (MACE). Badanie poréwnawcze wykazato,
ze MHR przewyzszat NLR i PLR pod wzgledem wartosci predykcyjnej, osiagajac wyzszy
wskaznik AUC (area under curve) w analizie krzywej ROC (0,88 vs. 0,81), co potwierdza
jego wyzszg skutecznos¢ w przewidywaniu niekorzystnych zdarzen [136]. Integracja MHR
z istniejgcymi skalami oceny ryzyka moze dodatkowo poprawié¢ doktadnos¢ stratygrafii
pacjentéw z OZW. W badaniach wykazano, ze dodanie MHR do skali GRACE, powszechnie
stosowanej w ocenie rokowania pacjentéw po przezskérnej interwencji wienicowej (PCl),
zwiekszato jej zdolnos¢ prognostyczng. W badaniu We i wsp. pacjenci z wysokim MHR po
PCI byli bardziej narazeni na powiktania zakrzepowe i nawrét incydentéw sercowo-
naczyniowych, co sugeruje, ze uwzglednienie tego wskaznika w skali GRACE pozwala na
bardziej precyzyjne dostosowanie strategii leczenia i monitorowania pacjentow

wysokiego ryzyka [137].

4.5. Cystatyna C w diagnostyce i prognostyce OZW
Kolejnym analizowanym biomarkerem byta Cystatyna C (CysC). Historycznie Cystatyna C

byta przede wszystkim rozpoznawana jako biomarker stuzgcy do szacowania wskaznika
przesgczania ktebuszkowego (GFR) [138,139]. Jej znaczenie w nefrologii stale rosnie ze
wzgledu na liczne zalety w pordéwnaniu z tradycyjnymi metodami oznaczania funkcji
nerek. W szczegdlnosci pomiary oparte na CysC nie wymagaja korekty ze wzgledu na rase,
co prowadzi do jej coraz szerszego stosowania jako rutynowego wskaznika oceny funkcji
nerek. Lees i in. podkreslili, ze dalsza promocja rutynowego stosowania CysC umozliwia
bardziej precyzyjng diagnostyke chordéb nerek i przyczynia sie do zmniejszenia

nierownosci wséréd pacjentéw [140]. CysC jest uzyteczna nie tylko w monitorowaniu
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przewlektej choroby nerek (CKD), ale rowniez w identyfikacji ostrego uszkodzenia nerek
(AKI) wsrod hospitalizowanych pacjentéw w tym takze pediatrycznych [141,142].

Co istotne, zastosowanie CysC moze wykraczaé poza nefrologie. Jung i wsp.
przeprowadzili metaanalize dotyczacg CysC, obejmujacg 13 prospektywnych badan
kohortowych z t3czng liczbg 57 214 uczestnikow [143]. Wykazali, ze podwyzszony poziom
CysC, bedacej zewnatrzkomorkowym inhibitorem cysteinowych proteaz, wigze sie ze
zwiekszonym ryzykiem smiertelnosci ogdlnej i sercowo-naczyniowej w populacji ogélne;j.
Ponadto trwajg badania nad potencjalnymi wifasciwosciami diagnostycznymi CysC
w preeklampsji [144]. CysC stanowi rowniez obiecujgcy biomarker w kontekscie progresji
choréb nowotworowych, zwtaszcza ze nalezy do mniej zbadanej grupy biomarkeréw
[145]. Ding i in. podkredlili inne potencjalne zastosowania CysC w onkologii, w tym jej
mozliwe witasciwosci prognostyczne w raku nerkowokomérkowym [146]. Podwyzszone
stezenia CysC korelowaty z gorszym rokowaniem; jednakze, jak zauwazyli autorzy, CysC
nie pozwalafa na rozréznienie pomiedzy nowotworem ograniczonym do nerki a choroba
przerzutows.

Cystatyna C jest drobnoczasteczkowym inhibitorem cysteinowych proteaz, ktéry
odgrywa istotng role w regulacji proceséw proteolitycznych, stanowigcych kluczowy
element patofizjologii ostrych zespotow wiencowych OZW. Podwyzszony poziom CysC jest
zwigzany z aktywacjg ukfadu immunologicznego i procesami zapalnymi, ktére sg
kluczowymi czynnikami w rozwoju i progresji OZW. Hamujac proteazy cysteinowe, CysC
ogranicza degradacje biatek macierzy pozakomorkowej, co moze redukowac uszkodzenie
srodbtonka naczyn i spowalniaé¢ rozwdj miazdzycy [147]. Dodatkowo, CysC wptywa na
stabilnos¢ blaszki miazdzycowe] poprzez regulacje degradacji kolagenu i innych
sktadnikdw macierzy pozakomdrkowej [148]. Obnizona aktywnos¢ CysC moze prowadzi¢
do destabilizacji blaszki, zwiekszajac ryzyko jej pekniecia i wystgpienia zawatu mies$nia
sercowego. CysC petni réwniez funkcje regulacyjng w kontekscie mikrosSrodowiska naczyn
krwiono$nych. Jej zdolnos¢ do modulowania szlakéw sygnatowych zwigzanych ze stanem
zapalnym oraz regulacji stresu oksydacyjnego sugeruje, ze moze ona mie¢ dziatanie
ochronne w naczyniach krwionosnych. Badania wykazaty, ze wysokie stezenie CysC moze
prowadzi¢ do zwiekszonej produkcji reaktywnych form tlenu, co dodatkowo nasila

uszkodzenia srodbtonka i przyspiesza progresje zmian miazdzycowych. Ponadto, CysC
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wptywa na réwnowage proteolityczng w naczyniach poprzez hamowanie aktywnosci
katepsyn, ktdére sg zaangazowane w degradacje macierzy pozakomérkowej [149-151].

CysC jest takze niezaleznym biomarkerem funkcji nerek i moze by¢ uzywana do
oceny ryzyka powikfan sercowo-naczyniowych u pacjentéw z OZW. Wzrost jej stezenia
wigze sie z pogorszong funkcja filtracyjng nerek, co koreluje ze zwiekszonym ryzykiem
zdarzen sercowo-naczyniowych oraz wyzszg smiertelnoscig. Wysokie stezenie CysC moze
rowniez wskazywac na zaburzong funkcje $rédbtonka, prowadzacg do wzrostu stresu
oksydacyjnego i uposledzonej syntezy tlenku azotu (NO), kluczowego mediatora
rozszerzania naczyn. W konsekwencji moze to przyczyniac sie do zwiekszonego ryzyka
niedokrwienia i powikfan zwigzanych z OZW [152].

Badania wykazaty, ze podwyzszony poziom CysC wigze sie z wiekszym ryzykiem
niekorzystnych zdarzen sercowo-naczyniowych, takich jak zawat miesnia sercowego,
niewydolnos¢ serca oraz zgon sercowo-naczyniowy. Moze ona by¢ szczegdlnie przydatna
w stratyfikacji ryzyka pacjentow z OZW, niezaleznie od tradycyjnych markerow, takich jak
troponiny czy kreatynina. Dodatkowo, analiza wieloosrodkowych badan wykazata, ze CysC
jest silnym predyktorem powiktann sercowo-naczyniowych u pacjentdow z przewlekia
niewydolnoscig nerek, co sugeruje jej potencjalng przydatnos¢ w klinicznej ocenie ryzyka
w tej grupie pacjentéw [153,154].

Podsumowujac, cystatyna C petni kluczowa role w mechanizmach zwigzanych
z patogenezg ostrych zespotdw wienncowych, a jej zastosowanie jako biomarkera moze
miec istotne znaczenie w ocenie ryzyka oraz przewidywaniu rokowania pacjentéw z OZW.
Moja meta-analiza wykazata, iz stezenie CysC byto istotnie wyzsze u pacjentéw z OZW
w poréwnaniu do grupy kontrolnej (1,44+0,72 vs. 1,01+0,38; p<0,001) oraz u pacjentéw z
AMI w poréwnaniu do oséb z niestabilng dtawica piersiowa (1,48+0,71 vs. 1,4310,74;
p<0,001). Nie stwierdzono istotnych réznic miedzy pacjentami ze STEMI i NSTEMI
(1,23+0,43 vs. 1,18+0,5; p=0,82). Dodatkowo, pacjenci z wystgpieniem MACE mieli
istotnie wyzsze stezenia CysC niz osoby bez powiktan (1,26+0,47 vs. 0,98+0,27; p<0,001),
a pacjenci, ktérzy zmarli w szpitalu, mieli wyzsze stezenie CysC w poréwnaniu do tych,
ktorzy przezyli (1,38+0,47 vs. 0,92+0,23; p<0,001). Metaanaliza wykazata, ze wysokie
stezenia CysC byty zwigzane ze zwiekszonym ryzykiem MACE i zgonu sercowego zaréwno
w szpitalu, jak i w okresie ponad 12 miesiecy (p<0,001) [78]. Podobnie metaanaliza Sun

i wsp. wykazata, ze poréwnanie niskiego i wysokiego stezenia CysC moze by¢ uzyteczne
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w przewidywaniu ryzyka wystgpienia powaznych zdarzen sercowo-naczyniowych (MACE)
i zgonu sercowego, zarowno w warunkach szpitalnych, jak i w okresie ponad 12 miesiecy
[155]. Podwyzszone stezenie CysC wigzato sie réwniez z wyzszg Smiertelnoscig ogdlng,
zaréwno w szpitalu, jak i w dtuzszym okresie obserwacji. Dodatkowo, ryzyko ponownego
zawatu miesnia sercowego byto wyzsze u pacjentow z podwyzszonym poziomem CysC
w okresie 12 miesiecy i diuzszym. Podwyzszone stezenie CysC byfto rowniez zwigzane
z wiekszym ryzykiem niewydolnosci serca, zaréwno w warunkach szpitalnych (RR = 0,29;
p < 0,001), jak i w dtuzszym okresie obserwacji (RR = 0,22; p < 0,001). Wskazuje to na
wartos$¢ CysC jako biomarkera stratyfikacji ryzyka u pacjentéw z OZW jak i u pacjentéw

z obcigzeniami kardiologicznymi.

4.6. Galektyna-3 w diagnostyce i prognostyce OZW
Nastepnym analizowanym biomarkerem byta Galektyna-3 (Gal-3), nalezgca do rodziny

lektyn wigzacych B-galaktozydy. Jest ona biatkiem o wielokierunkowej aktywnosci
biologicznej, regulujgcym procesy komérkowe, takie jak adhezja, proliferacja, apoptoza,

réznicowanie oraz odpowiedz immunologiczna [156,157](Rycina 3).

Widknienie

Stan zapalny Proliferacja

Réznicowanie ‘ Ga ' ektyna - 3 Angiogeneza

" Migracja
Adhezja m komarek

Apoptoza

Rycina 3. Wielokierunkowy wptyw Galektyny-3. Zrédto: Opracowanie wiasne.
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Jej ekspresja jest indukowana w komodrkach uktadu immunologicznego (makrofagi,
neutrofile, komorki dendrytyczne) oraz w komdrkach srédbtonka i fibroblastach pod
wptywem cytokin prozapalnych, w tym TNF-a i IL-6 [157]. W kontekscie chordb sercowo-
naczyniowych (CVD) Gal-3 stanowi kluczowe ogniwo tgczace przewlekty stan zapalny
z procesami widknienia, destabilizacjg blaszki miazdzycowej i progresjg ostrych zespotéw
wiencowych (OZW), co potwierdzajg liczne badania eksperymentalne i kliniczne
[157,158].

Przewlekte zapalenie, bedgce podstawowym mechanizmem patogenetycznym
miazdzycy, jest modulowane przez Gal-3 poprzez jej zdolno$é do rekrutacji i aktywacji
leukocytédw, w tym monocytow, ktére infiltrujg Sciane naczyn. Proces ten jest wzmacniany
przez indukcje ekspresji metaloproteinaz macierzy (MMP-2 i MMP-9), prowadzacg do
degradacji kolagenu i ostabienia struktury blaszki miazdzycowej, zwiekszajac ryzyko jej
pekniecia (Rycina 4). Badania wykazaty, ze Gal-3 promuje réznicowanie makrofagéw
w fenotyp M1, ktéory nasila odpowiedZz zapalng poprzez wydzielanie IL-6, TNF-a
i reaktywnych form tlenu (ROS), co przyspiesza uszkodzenie $rédbtonka. Co wiecej,
oligomeryzacja Gal-3, zalezna od domeny bogatej w proliny (N-terminal tail), odgrywa
kluczowg role w procesach adhezji komdrkowej i aktywacji szlakdéw zapalnych, co moze

ttumaczy¢ jej udziat w destabilizacji blaszek [159,160].
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Rycina 4. Rola Galektyny-3 w kalcyfikacji naczyn. Zrédto: Opracowanie wiasne.
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W przebiegu remodelingu naczyniowego Gal-3 stymuluje proliferacje i migracje
komdrek miesni gtadkich (VSMCs), prowadzac do pogrubienia btony wewnetrznej tetnic
i zwezenia ich S$wiatta. Jednoczednie indukuje dysfunkcje srddbtonka, zwiekszajgc
przepuszczalno$é naczyn dla lipoprotein o niskiej gestosci (LDL), co inicjuje formowanie
sie blaszek miazdzycowych. Badania molekularne wskazuja, ze interakcje Gal-3
z receptorami btonowymi, takimi jak integriny, s modulowane przez procesy podobne do
separacji faz ptyn-ptyn (LLPS), ktére zalezg od struktury N-terminalnej domeny biatka
[161]. Te dynamiczne procesy mogg ttumaczy¢ zaleznos¢ miedzy wysokimi stezeniami
Gal-3 a obecnoscig naciekdw zapalnych w blaszkach, co koreluje z ich niestabilnoscig
i ryzykiem OZW.

W okresie po zawale serca Gal-3 odgrywa podwdjng role: z jednej strony
uczestniczy w procesach naprawczych, regulujgc aktywacje fibroblastéw i synteze
macierzy pozakomoérkowej, z drugiej jej nadmierna aktywnos¢ moze prowadzi¢ do
patologicznego widknienia serca. Pobudzenie fibroblastow do przeksztatcenia sie
w miofibroblasty skutkuje nadmierng syntezg kolagenu typu 1 i lll, co zwieksza sztywnos¢
Sciany serca i predysponuje do niewydolnosci serca. Mechanizmy te sg dodatkowo
nasilane przez aktywacje szlaku TGF-B, ktory sprzyja procesom wtéknieniowym [162].

Ze wzgledu na sciste powigzanie z patogeneza miazdzycy i OZW, Gal-3 jest
rozwazana jako biomarker diagnostyczny i prognostyczny. Badania wykazaty, ze wyzsze
jej stezenia korelujg z ciezszg postacia miazdzycy i wiekszym stopniem zwezenia tetnic
wieAcowych. Pacjenci z podwyzszonym poziomem Gal-3 majg wieksze ryzyko ponownego
incydentu wiencowego w ciggu 12 miesiecy od hospitalizacji, a wartosci przekraczajace
17 ng/mL stanowig niezalezny czynnik predykcyjny zawatu serca i udaru mozgu.
Dodatkowo poziomy powyzej 20 ng/mL sg silnie zwigzane z progresjg niewydolnosci serca
i koniecznoscig hospitalizacji w przysztosci [163].

Wysokie stezenia Gal-3 w osoczu sg réwniez zwigzane z remodelingiem mies$nia
sercowego i postepujgcg niewydolnoscia serca. W przebiegu OZW dochodzi
do wzmozonego stresu oksydacyjnego, ktéry powoduje uszkodzenie mitochondriow
kardiomiocytdw. Gal-3 nasila ten proces poprzez aktywacje szlakdw proapoptotycznych,
takich jak kaspazy oraz Bcl-2/Bax, co skutkuje $miercig komdrek miesnia sercowego [164].

Ponadto zaburza homeostaze wapniowg w kardiomiocytach, prowadzac
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do nieprawidtowe] kurczliwosci miesnia sercowego oraz zwiekszonego ryzyka arytmii,
w tym migotania przedsionkéw [165,166].

Ze wzgledu na wieloaspektowe dziatanie Gal-3, rosnie zainteresowanie jej
potencjalnym  wykorzystaniem jako celu terapeutycznego [167]. Badania
eksperymentalne wskazujg, ze hamowanie aktywno$ci Gal-3 moze zmniejsza¢ naciekanie
zapalne w $cianach naczyn, redukowac progresje zmian miazdzycowych oraz ograniczaé
ryzyko destabilizacji blaszek [168]. Nowe strategie terapeutyczne, oparte na inhibitorach
Gal-3, mogg stanowié przysztoSciowe podejscie do zmniejszania ryzyka sercowo-
naczyniowego, zwfaszcza u pacjentdow z zaawansowang miazdzycy i wysokim stanem
zapalnym [157].

Podsumowujac, Gal-3, jako multifunkcyjne biatko zaangazowane w zapalenie,
fibroze i destabilizacje blaszek miazdzycowych, stanowi zaréwno biomarker, jak i cel
terapeutyczny w CVD. Jej rola w regulacji procesdw podobnych do LLPS i interakcjach
z glikanami otwiera nowe mozliwosci modulacji aktywnosci biatka. Konieczne s3g jednak
dtugoterminowe badania oceniajgce bezpieczenstwo inhibitoréw oraz standaryzacja
metod oznaczania Gal-3 w praktyce klinicznej. Integracja danych z genomiki i proteomiki
moze dodatkowo wyjasni¢ heterogennos¢ odpowiedzi na terapie, co jest kluczowe dla

personalizacji leczenia [157,158].

4.7. SUPAR w diagnostyce i prognostyce OZW
Kolejnym analizowanym biomarkerem byt rozpuszczalny receptor aktywatora

plazminogenu typu urokinazy (suPAR), ktéry jest biatkiem powstajgcym w wyniku
proteolitycznego odciecia od btonowego receptora uPAR, ktéry jest obecny na
powierzchni réznych komérek, w tym komorek uktadu odpornosciowego - gtéwnie na
btonach komoérek immunokompetentnych (np. makrofagéw, neutrofili), srédbtonka
naczyniowego oraz miocytow gtadkich [169]. suPAR jest obecny w rdznych ptynach
ustrojowych, takich jak osocze, surowica, mocz czy ptyn mdzgowo-rdzeniowy. Jego
stezenie w organizmie odzwierciedla poziom aktywacji uktadu odpornosciowego i jest
zwigzane z procesami zapalnymi oraz przebiegiem wielu chordb takich jak na przyktad:
nadcisnienie tetnicze, cukrzyca typu 2, COVID-19 czy tez udary [169-172].

W  wyniku dziatania proteaz, takich jak chymotrypsyna, elastaza

czy metaloproteinazy macierzy, uPAR jest odcinany od powierzchni komérki, co prowadzi
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do uwolnienia jego rozpuszczalnej formy — suPAR — do krazenia. Receptor uPAR,
zakotwiczony w bfonie komodrkowej poprzez glikozylofosfatydyloinozytol (GPI),
uczestniczy w regulacji procesow zwigzanych z uktadem plazminogen-plazmina, w tym
aktywacji proteaz serynowych (np. plazminogenu) oraz integracji szlakéw sygnatowych
wptywajacych na adhezje, migracje i proliferacje komdrek [173]. Proteolityczne odciecie
domeny zewnatrzkomérkowej uPAR prowadzi do uwolnienia suPAR do krwiobiegu, gdzie
petni funkcje immunomodulatora. Z kolei po zwigzaniu uPA, kompleks uPAR-uPA
uczestniczy w przeksztatcaniu plazminogenu w plazmine, co prowadzi do degradacji
fibryny i innych sktadnikéw macierzy [174,175].

Podwyzszone stezenia suPAR odzwierciedlajg przewlektg aktywacje ukfadu
odpornosciowego, charakterystyczng dla stanéw zapalnych towarzyszacych miazdzycy.
Mechanizm ten obejmuje interakcje suPAR z integrynami (np. aVB3) oraz biatkami
macierzy zewnatrzkomérkowej (np. wironektyng), co nasila migracje makrofagéw do
$ciany naczynia i sprzyja ich przeksztatceniu w komorki piankowate - kluczowy element
ptytki miazdzycowej (Rycina 5). Ponadto, suPAR stymuluje produkcje metaloproteinaz
macierzy (MMP-2, MMP-9) poprzez aktywacje szlakéw NF-kB i MAPK, prowadzac do

degradacji widkien kolagenowych w blaszce wtdknistej i jej destabilizacji.

SUPAR wystepuje w trzech formach:
UPA

c s trimer (D1-D2-D3)
o Neutralizowanie ' ) @
uPA * dimer (D2-D3
@@
c * monomeru (D7) @
D1 D2 D3
-

Podjenostka D2 posiada region fagczacy,
natomiast podjednostka D3 posiada biatka
zakotwiczone w glikozylofosfatydyloizotolu (GPI-

anchor)

L 3

UPAR : Chemotaktyczny
° D203
e > e,
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Rycina 5. Rola suPAR w OZW. Zrédto: Opracowanie wtasne.
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W kontekscie klinicznym, podwyzszony poziom suPAR koreluje z zaawansowaniem zmian
miazdzycowych w tetnicach wiencowych oraz ryzykiem pekniecia blaszki. Badania
obrazowe (np. OCT — optical coherence tomography) wykazujg, ze pacjenci z wysokim
suPAR (>4,0 ng/mL) czesciej prezentujg blaszki bogate w lipidy z cienka otoczkg widknista
(TCFA — thin-cap fibroatheroma), ktére sg podatne na rozerwanie [176]. Co wiecej, SuPAR
dziata synergistycznie z innymi biomarkerami zapalnymi (np. CRP, IL-6), wzmacniajac
odpowiedZ prozakrzepowg poprzez indukcje ekspresji czynnika tkankowego (TF)
w monocytach [177].

SuPAR moze modulowaé aktywnos¢ uPA poprzez konkurencyjne hamowanie
wigzania uPA do uPAR na powierzchni komérek, co wptywa na procesy fibrynolizy
i migracji komorek. Ponadto, suPAR moze oddziatywaé z innymi biatkami, takimi jak
integryny, wptywajagc na adhezje i migracje komorek, co ma znaczenie w procesach
zapalnych i nowotworowych. Wysokie stezenia suPAR w krazeniu s3 zwigzane
z przewlekfa aktywacjg uktadu odpornosciowego i moga prowadzi¢ do uszkodzenia
tkanek, w tym nerek, poprzez oddziatywanie na podocyty i zwiekszenie przepuszczalnosci
bariery filtracyjnej kiebuszkédw nerkowych [178]. suPAR jest réwniez zaangazowany
w patogeneze innych schorzen, takich jak choroby sercowo-naczyniowe, nowotwory czy
infekcje, gdzie jego podwyzszone stezenia korelujg z gorszym rokowaniem [170,179-181].

Badania wykazaty, ze stezenie suPAR jest istotnie wyzsze u pacjentéw z OZW
w poréwnaniu z grupami kontrolnymi. W przeprowadzonej metaanalizie srednie stezenie
sUPAR u pacjentéw z OZW wynosito 3,56 + 1,38 ng/mL, podczas gdy w grupie kontrolnej
byto to 2,78 + 0,54 ng/mL [80]. Otrzymane wyniki wskazuja, ze srednie stezenie suPAR
wzrasta istotnie statystycznie po przebytym epizodzie OZW w pordéwnaniu do wartosci
obserwowanych w grupie kontrolnej. To zjawisko znajduje logiczne uzasadnienie
w mechanizmach patofizjologicznych OZW.

Dotychczas suPAR byt badany jako potencjalny biomarker u pacjentéw
z pierwszym incydentem ostrego zawatu miesnia sercowego leczonych metodg
przezskérnej interwencji wieicowej [182,183]. Wykazano, ze jego poziom jest dobrym
predyktorem zaréwno ogdélnej Smiertelnosci, jak i Smiertelnosci sercowo-naczyniowej.
Inne analizy wykazaty, ze stezenie suPAR = 3,5 ng/mL jest niezaleznym czynnikiem ryzyka

zawatu serca (HR = 3,2; P < 0,0001) oraz zgonu sercowo-naczyniowego (HR = 2,62;
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p < 0,0001)[182]. Ponadto wykazano, ze suPAR nie tylko przewiduje wystgpienie choroby
wiencowej, ale rowniez jego poziom koreluje z jej zaawansowaniem.

Istniejg takze dowody na to, ze potaczenie oznaczenia poziomu suPAR
z zaawansowang echokardiografig moze stanowic skuteczny sposéb stratyfikacji ryzyka u
pacjentéw z cukrzycg, ale bez rozpoznanej choroby serca (z zachowang frakcjg wyrzutowa
lewej komory), co pozwala na identyfikacje pacjentéw wymagajgcych intensyfikacji opieki
medycznej. Z kolei metaanaliza pacjentéw z przewlekta chorobg nerek wykazata,
ze podwyiszone stezenie suPAR w tej grupie jest rowniez istotnym predyktorem
zwiekszonego ryzyka chordéb sercowo-naczyniowych (P < 0,001; HR: 3,06; 95% Cl: 2,21—
4,22; 1> = 0,0%). Podobnie jak w przypadku pacjentéw z cukrzycg, umozliwia to
identyfikacje oséb wymagajacych bardziej zaawansowanej diagnostyki kardiologicznej
i intensywnej terapii podczas leczenia.

Inne badania wykazaty dobrg korelacje miedzy poziomem suPAR a stezeniem
NT-proBNP, co sugeruje jego potencjalng przydatno$é w diagnostyce niewydolnosci serca
[184,185]. Jednoczesnie nie potwierdzono jego roli jako predyktora migotania
przedsionkdow [186]. Ciekawym zjawiskiem jest przejsciowy wzrost poziomu suPAR po
zabiegu przezcewnikowej implantacji zastawki aortalnej (TAVI), co moze wynikac
z nieuniknionego uszkodzenia srédbtonka nawet przy minimalnie inwazyjnych technikach
[187]. Niemniej jednak wzrost ten wydaje sie mie¢ ograniczone znaczenie kliniczne.

Niedawno opublikowana metaanaliza obejmujaca 14 738 pacjentdéw z rozpoznang
chorobg wienicowg potwierdzita, ze osoby z podwyzszonym poziomem suPAR miaty
istotnie wyzsze ryzyko zgonu z dowolnej przyczyny (HR = 2,24; 95% CI: 1,97-2,55) oraz
zgonu z przyczyn sercowo-naczyniowych (HR = 2,02; 95% Cl: 1,58-2,58). Natomiast
metaanaliza nie wykazata wystarczajgcych dowoddéw na zdolnos¢ suPAR do
przewidywania powaznych incydentéw sercowo-naczyniowych (HR = 1,63; 95% Cl: 0,86—
3,11) [188].

Warto podkresli¢, ze wedtug niektérych doniesien w literaturze suPAR jest bardziej
przydatny jako biomarker prognostyczny niz diagnostyczny. W poréwnaniu do innych
markerdw zapalnych, zwtaszcza biatka C-reaktywnego (CRP), wzrost poziomu suPAR jest
bardziej specyficznie zwigzany z degradacjg srédbtonka i nasileniem stanu zapalnego
w naczyniach [189]. Dodatkowo, podczas gdy poziom CRP wzrasta wraz ze wzrostem

wyktadnikéw takich jak BMI czy obwdd talii, stezenie suPAR jest w mniejszym stopniu
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zalezne od tych parametréw, ktére sg dobrze znanymi czynnikami ryzyka chordb sercowo-
naczyniowych.

Podsumowujac, endokan stanowi obiecujgcy biomarker w OZW. Jego unikalny
mechanizm dziatania uzupetnia informacje dostarczane przez tradycyjne markery
uszkodzenia miesnia sercowego. Chociaz moja metaanaliza koncentruje sie na
diagnostycznej uzytecznosci suPAR, nalezy zwrdcié uwage na jego potencjalne
wiasciwosci prognostyczne. Dlatego dalsze badania powinny obejmowac¢ dtugoterminowa
obserwacje pacjentow po przebytym OZW, gdyz jednoroczna perspektywa czasowa,
najczesciej stosowana w publikacjach, jest zbyt krétka, aby okresli¢ dtugoterminowa
zalezno$¢ miedzy poziomem suPAR a zdarzeniami sercowo-naczyniowymi oraz
Smiertelnoscig. Najdtuzszy okres obserwacji w badaniach uwzglednionych w tej
metaanalizie wynosit 3,5 roku, co wcigz pozostaje okresem zbyt kréotkim. Konieczne jest
rowniez przeprowadzenie badan, w ktérych poziom suPAR bedzie mierzony okresowo,
w Scisle okreslonych odstepach czasu. Spadek poziomu suPAR po incydencie wieicowym
powinien by¢ obserwowany zwfaszcza w sytuacji wdrozenia intensywnego leczenia, na
przyktad optymalnych dawek statyn. Niemniej jednak, gtéwnym celem niniejszej

metaanalizy byta ocena diagnostycznej uzytecznosci suPAR.

4.8. Endokan w diagnostyce i prognostyce OZW
Endokan (endothelial cell-specific molecule-1, ESM-1) bedacy proteoglikanem

pochodzenia srédbtonkowego, obecnie zyskuje uwage jako obiecujacy kandydat ze
wzgledu na swoj udziat w dysfunkcji sSrédbtonka i procesach zapalnych.

Endokan jako proteoglikan wydzielany gtéwnie przez komérki srodbtonka naczyn,
odgrywa kluczowg role w patogenezie ostrych zespotéow wiencowych (OZW) poprzez
wptyw na homeostaze naczyn, odpowiedz zapalng i procesy angiogenezy. Jego funkcja
jest wielokierunkowa i s$cisle powigzana z destabilizacja blaszki miazdzycowej.
Podstawowym mechanizmem dziatania endokanu jest modulacja adhezji i migracji
leukocytow. Endokan oddziatuje bezposrednio z integryng LFA-1 (CD11a/CD18) na
powierzchni leukocytdw, blokujgc jej wigzanie do czasteczek adhezyjnych srédbtonka —
ICAM-1 i VCAM-1 [190]. Teoretycznie hamuje to przyleganie leukocytow do srédbtonka,
jednak w warunkach ostrego stanu zapalnego w OZW obserwuje sie paradoksalny wzrost

stezenia endokanu, ktéry koreluje z nasileniem odpowiedzi immunologicznej. Badania
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in vitro sugeruja, ze endokan moze dziata¢ dwukierunkowo: w fizjologicznych stezeniach
stabilizuje sSrédbtonek, podczas gdy w nadmiarze (np. podczas hipoksji lub pod wptywem
cytokin) promuje aktywacje $rédbtonka i uwalnianie metaloproteinaz macierzy (MMP-2,
MMP-9), przyspieszajgc degradacje blaszki miazdzycowe;.

Kolejnym istotnym aspektem jest konkurencja endokanu z czynnikiem wzrostu
Srédbtonka naczyniowego (VEGF-A) o wigzanie do receptora VEGFR-2. W warunkach
przewlektego niedokrwienia hamuje to patologiczng neowaskularyzacje w obrebie blaszki
miazdzycowej (Rycina 6). W ostrym stadium OZW, gdzie dochodzi do gwattownego
wzrostu przepuszczalnosci naczyn, nadmierna ekspresja endokanu zaburza réwnowage

miedzy VEGF a jego inhibitorami, destabilizujagc mikrootoczenie ptytki miazdzycowej

[191,192].
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Rycina 6. Rola Endokanu w uszkodzeniu srodbtonka. Zrédto: Opracowanie wiasne.
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Dodatkowo, endokan nasila produkcje reaktywnych form tlenu (ROS) poprzez aktywacje
szlaku NADPH oksydazy, potegujac stres oksydacyjny i apoptoze komoérek srddbtonka
[191].

Badania wykazaty, ze ekspresja endokanu jest silnie stymulowana przez cytokiny
prozapalne, takie jak IL-1B, TNF-a oraz lipopolisacharydy (LPS) [190,193]. W badaniach in
vitro na hodowlach komérek srédbtonka ludzkich zyt pepowinowych (HUVEC) wykazano,
ze zaréwno TNF-a, jak i IL-1B znaczgco zwiekszajg poziom mRNA i biatka endokanu,
co wskazuje na jego role jako mediatora odpowiedzi zapalnej [194]. Podobne wyniki
uzyskano w badaniach na modelach zwierzecych, gdzie podanie lipopolisacharydow
doprowadzito do gwattownego wzrostu stezenia endokanu w surowicy, korelujgcego
z nasileniem stanu zapalnego [195].

W modelach zwierzecych miazdzycy (np. myszy ApoE) wykazano, ze blokada
endokanu za pomoca przeciwciat monoklonalnych lub inhibitoréw zmniejsza infiltracje
makrofagdw do blaszki miazdzycowej. Zmniejszeniu ulegata rowniez ekspresja
metaloproteinaz macierzy (MMP-2 i MMP-9), co prowadzito do stabilizacji blaszki
i opdznienia jej pekania [196]. Mechanizm ten zostat potwierdzony w badaniach
immunohistochemicznych, gdzie obnizenie poziomu endokanu korelowato z redukcjg
aktywnosci MMP w blaszkach miazdzycowych.

Endokan stymuluje komodrki $rédbtonka do uwalniania chemokin, takich jak
MCP-1 (monocyte chemoattractant protein-1), ktdre przyciggajag monocyty do miejsca
zapalenia w $cianie naczynia [197]. W badaniach in vitro wykazano, ze endokan zwieksza
ekspresje MCP-1 w komoérkach srdodbtonka, co prowadzi do zwiekszonej migracji
monocytow przez bariere srodbtonkowq [198]. Proces ten tworzy btedne koto zapalne,
charakterystyczne dla niestabilnych blaszek miazdzycowych, gdzie rekrutowane
monocyty réznicujg sie w makrofagi, a nastepnie w komorki piankowate (wypetnione
cholesterolem makrofagi), nasilajgc proces zapalny i destabilizacje blaszki [199].

Najnowsze badania wskazujg rowniez na wptyw endokanu na uktad krzepniecia.
W warunkach in vitro wigze sie on z czynnikiem tkankowym (TF), zwiekszajac jego
ekspresje na powierzchni komoérek srodbtonka, co nasila generacje trombiny i sprzyja
tworzeniu zakrzepdw w miejscu pekniecia blaszki [200]. Ponadto, endokan hamuje
aktywnos$¢ osoczowego inhibitora aktywatora plazminogenu (PAI-1), uposledzajgc

fibrynolize i wydtuzajgc czas trwania zakrzepicy.

266



W kontekscie niedokrwienia-reperfuzji (np. po angioplastyce wiericowej) endokan
nasila apoptoze komdrek srodbtonka poprzez aktywacje szlaku kaspazy-3 oraz
hamowanie szlaku PI3K-Akt [201,202]. Jednoczesnie zaburza proces autofagii, kluczowy
dla usuwania uszkodzonych organelli komérkowych, co prowadzi do kumulacji uszkodzen
i przyspieszonej Smierci komarek [203].

Klinicznie podwyzszone stezenie endokanu w OZW odzwierciedla nie tylko
dysfunkcje s$rédbtonka, ale takze aktywnos¢ proceséw destabilizujgcych blaszke
miazdzycowga. W badaniu Wang i wsp. wykazali, ze pacjenci z poziomem endokanu >5,0
ng/mL mieli 4-krotnie wyisze ryzyko nawrotowego niedokrwienia miesnia sercowego
w poréwnaniu z grupg o stezeniu <2,0 ng/mL (HR: 4,1; 95% CI: 2,3—7,4) [199]. Korelowato
to z histopatologicznymi cechami blaszek bogatych w makrofagi i cienkg otoczke
wtdknistg, potwierdzajac zwigzek endokanu z zaawansowanym stadium miazdzycy.

Badania kliniczne konsekwentnie potwierdzajg, ze stezenie endokanu w surowicy
jest istotnie wyzsze u pacjentow z OZW w pordwnaniu z grupg kontrolng, co sugeruje jego
role jako wczesnego wskaznika destabilizacji blaszki miazdzycowej. W przetomowym
badaniu prospektywnym autorstwa Balty i wsp. mediana stezenia endokanu u pacjentow
z OZW wyniosta 3,8 ng/mL (zakres miedzykwartylowy: 2,1-5,5 ng/mL), podczas gdy
w grupie kontrolnej — 1,2 ng/mL (zakres: 0,6—2,0 ng/mL; p < 0,001) [204]. Wartos$¢ AUC
(pole pod krzywg ROC) dla réznicowania OZW wyniosta 0,82 (95% Cl: 0,76-0,88),
co wskazuje na wysokg czutosc (84%) i specyficznosé (79%) tego biomarkera. Co kluczowe,
endokan moze byé wykrywalny w surowicy juz w ciggu 2 godzin od wystgpienia objawdw,
co stanowi przewage nad tradycyjnymi biomarkerami, takimi jak wysoko czuta troponina
| (hs-Tnl), ktérej czutos¢ w pierwszych godzinach od poczatku niedokrwienia czesto nie
przekracza 50% ze wzgledu na opdzniong kinetyke uwalniania. W prospektywnym
badaniu kohortowym z 2020 roku (n = 300) AUC dla endokanu w diagnozie OZW w okresie
0-3 godzin wyniosto 0,75 (95% Cl: 0,68—0,82), podczas gdy dla hs-Tnl—0,65 (95% Cl: 0,57—
0,73). Synergia obu biomarkeréw zostata potwierdzona w analizie wielowymiarowej:
potaczenie endokanu z hs-Tnl zwiekszyto warto$¢ AUC do 0,92 (95% Cl: 0,87-0,97), co
sugeruje, ze endokan uzupetnia troponine poprzez odzwierciedlenie wczesnej dysfunkcji
srodbtonka, poprzedzajgcej martwice kardiomiocytow.

Prognostyczna warto$¢ endokanu wykracza poza diagnostyke, obejmujac

stratyfikacje ryzyka powikfan sercowo-naczyniowych. Badanie Kundi i wsp. [205] oraz
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przeglad Chen i wsp. [190] potwierdzaja, ze podwyzszone stezenie endokanu koreluje ze
wzrostem ryzyka MACE (powaznych niepozgdanych zdarzen sercowo-naczyniowych). Dla
przyktadu, w badaniu Kundi i wsp. [205] wykazano, ze endokan jest niezaleznym
predyktorem ciezkosci choroby wiecowej (SYNTAX score) i $miertelnosci
wewnatrzszpitalnej u pacjentow z STEMI, co wspiera teze o jego roli prognostyczne;j.
Rowniez badanie Yilmaz i wsp. wykazato zwigzek miedzy poziomem endokanu a ryzykiem
zdarzen sercowo-naczyniowych u pacjentéw z przewlektg chorobg nerek (CKD) [193].
W pracy tej stwierdzono, ze podwyzszone stezenie endokanu przewiduje smiertelnosé
0go6lng i zdarzenia sercowe [206]. Dodatkowo, Balta i wsp. wykazali, ze endokan koreluje
z markerami zapalnymi (np. hsCRP) i ciezkoscig choroby wiericowej, co potwierdza jego
role w prognozowaniu MACE [204]. W badaniu Balta i wsp. stwierdzono, ze poziom
endokanu >1,7 ng/mL przy przyjeciu do szpitala byt predyktorem wysokiego SYNTAX score
i Smiertelnosci wewnatrzszpitalnej u pacjentéw z STEMI [207]. Cho¢ wartos¢ progowa
rézni sie od podanej w tekscie, badanie to potwierdza ogdlng zasade: wyisze stezenie
endokanu koreluje z gorszym rokowaniem. Podobnie, w badaniu Yilmaz i wsp. wykazano,
ze endokan jest niezaleznym markerem ryzyka sercowo-naczyniowego [193]. Ponadto
Balta i wsp. wykazali, ze endokan koreluje z niewystarczajacg reperfuzjag miesnia
sercowego (ST-segment resolution <70%), co posrednio wspiera teze o jego wptywie na
dysfunkcje lewej komory [207]. Mechanizm apoptozy kardiomiocytéw i aktywacji MMP-9
jest opisany w przegladzie Chen i wsp. [190], gdzie endokan wigze sie z destabilizacja
blaszek miazdzycowych poprzez indukcje metaloproteinaz.

Mimo obiecujacych wynikéw, zastosowanie endokanu w praktyce klinicznej
napotyka wyzwania. Jednym z nich jest brak standaryzacji metod oznaczania —rézne testy
ELISA moga dawaé rozbiezne wyniki. Ponadto, stezenie endokanu rosnie w innych
stanach, takich jak sepsa czy przewlekta choroba nerek, co wymaga ostroznej interpretacji
w kontekscie klinicznym [208,209].

Podsumowujac, endokan stanowi obiecujgcy biomarker tgczacy diagnostyke
i rokowanie w OZW. Jego unikalny mechanizm dziatania, zwigzany z dysfunkcjg srédbtonka
i stanem zapalnym, uzupetnia informacje dostarczane przez tradycyjne markery
uszkodzenia miesnia sercowego. Dalsze badania, zwtaszcza wieloosrodkowe,
s3 niezbedne do ustalenia optymalnych wartosci odciecia oraz integracji endokanu

z algorytmami klinicznymi. Wtgczenie go do paneli wielomarkerowych moze w przysztosci
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zrewolucjonizowac zarzadzanie pacjentami z OZW, prowadzac do spersonalizowane;j

terapii i poprawy wynikow leczenia.

4.9. Implikacje kliniczne przeprowadzonych badan
Zgromadzone wyniki badan jednoznacznie wskazujg na rosngce znaczenie nowych

biomarkeréw w diagnostyce i prognozowaniu ostrych zespotéw wiencowych. Parametry
takie jak stosunek neutrofili do limfocytéw (NLR), stosunek ptytek do limfocytéw (PLR),
stosunki oparte na ptytkach krwi, stosunek monocytéw do cholesterolu HDL (MHR),
cystatyna C, galektyna-3, suPAR oraz endokan dostarczajg cennych informacji
prognostycznych i diagnostycznych w OZW, co moze prowadzi¢ do ich szerokiego
zastosowania w codziennej praktyce klinicznej.

Wyniki badan wskazujg, ze wysoki poziom NLR i PLR wigze sie z gorszymi
rokowaniami, w tym wyzszym ryzykiem zdarzen sercowo-naczyniowych (MACE) oraz
wyzszg Smiertelnoscia szpitalng i dtugoterminowa. Analogicznie, MHR odzwierciedlajacy
kombinacje aktywnosci zapalnej i statusu lipidowego pacjenta okazat sie istotnym
predyktorem zgondéw zaréwno w krétkim, jak i dtugim okresie obserwacji. Ponadto,
cystatyna C zostata zidentyfikowana jako silny biomarker ryzyka MACE i niewydolnosci
serca, co sugeruje jej potencjalne zastosowanie w stratyfikacji ryzyka pacjentéow z OZW.

Galektyna-3 oraz suPAR, bedace biomarkerami stanu zapalnego i przebudowy
sercowo-naczyniowej, wykazaty przydatnos¢ w identyfikacji pacjentéw wysokiego ryzyka.
Ich dalsza rola w réznicowaniu podtypdw OZW, a takze w ocenie skutecznosci leczenia,
wymaga dalszych badan klinicznych. Endokan, nowy biomarker zwigzany z dysfunkcja
srodbtonka, wykazat potencjat w odréznianiu STEMI od NSTEMI, co moze stanowic
dodatkowe narzedzie wspierajgce diagnostyke kardiologiczna.

Przyszte badania powinny skupi¢ sie na integracji tych biomarkerdow z klasycznymi
narzedziami diagnostycznymi, takimi jak znane nam dobrze biomarkery takie jak
troponiny czy skale ryzyka (np. GRACE). Konieczne jest réwniez okreslenie optymalnych
wartosci progowych dla poszczegdlnych biomarkerdw oraz opracowanie algorytmoéw
diagnostycznych uwzgledniajgcych ich kombinacje w celu zwiekszenia czutosci i swoistosci
diagnostycznej. Dodatkowo, przyszte badania powinny uwzglednia¢ heterogenicznosé
populacji pacjentow z OZW, w tym rdznice demograficzne, rasowe i pteé, aby

zoptymalizowac kliniczne zastosowanie tych biomarkeréw.
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4.10. Whnioski
Przeprowadzone badania pozwalajg na wysnucie nastepujacych wnioskow dotyczacych

istotnej roli wybranych biomarkeréw w diagnostyce i prognozowaniu ostrych zespotow

wiencowych:

Biomarkery zapalne odgrywajg kluczowa role w stratyfikacji ryzyka OzZW.
Wykazano, ze wskazniki takie jak NLR (stosunek neutrofili do limfocytéw), PLR
(stosunek ptytek do limfocytéw) oraz MHR (stosunek monocytéw do cholesterolu
HDL) s3 silnie zwigzane z rokowaniem pacjentéw z OZW. Wyzsze wartosci tych
biomarkeréw korelujg z wyzszym ryzykiem powikfan sercowo-naczyniowych
(MACE) oraz zwiekszong $miertelnoscia.

Wskazniki ptytkowe mogg by¢ pomocne w réznicowaniu i prognozowaniu OZW.
Badania wskazuja, ze nowe wskazniki ptytkowe, takie jak stosunek ptytek do
hematokrytu oraz wskazniki objetosci ptytek, moga stanowié przydatne narzedzia
diagnostyczne i prognostyczne w odroznianiu STEMI od NSTEMI.

Cystatyna C to obiecujgcy biomarker oceniajacy ryzyko MACE i niewydolnosci
serca, gdyz podwyzszone poziomy cystatyny C sg zwigzane z wyzszym ryzykiem
zgonu, zawatu serca i udaru moézgu u pacjentéow z OZW. Moze ona stuzyé jako
dodatkowy biomarker do oceny rokowania i podejmowania decyzji
terapeutycznych.

Galektyna-3 i suPAR jako wskazniki przewlektego stanu zapalnego sg podwyzszone
u pacjentow z OZW i mogg by¢ pomocne w wczesnej diagnostyce oraz ocenie
ryzyka powiktan. Ich zastosowanie w klinice wymaga jednak dalszych badan.
Wykazano, ze poziomy endokanu jako biomarkera dysfunkcji srodbtonka sa
istotnie wyzsze u pacjentow z OZW, zwtaszcza w STEMI, co sugeruje jego role
w mechanizmach destabilizacji blaszki miazdzycowe] i progresji choroby
wiencowej.

Cho¢ klasyczne markery, takie jak troponiny, pozostajg ztotym standardem
w diagnostyce OZW, analizowane biomarkery mogg pomdc w doktadniejszej
stratyfikacji ryzyka, zwtaszcza w grupach pacjentéow z nietypowa prezentacja

kliniczng lub wspotistniejgcymi chorobami, np. przewlektg chorobg nerek.
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e Wiekszos¢ analizowanych badan wskazuje na konieczno$é standaryzacji wartosci
progowych biomarkeréw oraz opracowania algorytmow uwzgledniajgcych ich
kombinacje w ocenie ryzyka OZW. Dalsze badania powinny takze obejmowad

réznorodne grupy pacjentéw, aby poprawic ich uzytecznos$¢ kliniczna.
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