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Abstract

Introduction. Cardiovascular diseases (CVD) are the most common cause of morbidity and mortality worldwide [41,84].
In most cases, kidney pathology also develops in parallel with the conditions described above, manifesting as albuminuria
and a reduction in glomerular filtration rate (GFR), which can progress to end-stage renal failure and a fatal outcome [37].

Objective. To summarize the literature on the state of carbohydrate metabolism and renal function in patients with acute
coronary syndrome (ACS).

Search strategy. An analysis of open-access literature sources from the scientific databases PubMed, Medline, Google
Scholar, Cyberleninka for the past 7 years (2018-2025) was conducted. The following keywords were used for the search:
carbohydrate metabolism, diabetes mellitus, prediabetes, acute coronary syndrome, renal function, cardiorenal syndrome,
cardiorenometabolic syndrome. This literature review included full-text articles in Russian and English. A total of 206 papers
were analyzed, of which 100 met the study objectives and inclusion criteria.

Results. This literature review presents data on the state of carbohydrate metabolism and renal function in patients with ACS.

Conclusion. Based on the literature review, it was found that carbohydrate metabolism disorders (CMD) are quite
common in patients with ACS - data vary from 11 to 67%. ACS is often accompanied by renal dysfunction (RDI). The
incidence of renal dysfunction among patients with ACS, according to literature data, is 10 - 61%. Simultaneous damage to
the cardiovascular system and kidneys in combination with CMD is called cardio-renometabolic syndrome, the presence of
which significantly aggravates the prognosis.
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Beepenune. CeppeuHo-cocygucToble 3abonesaHus (CC3) saBnsioTcs Hambonee pacrnpoOCTPaHEHHOA  MPUYMHONM
3aboneBaemMocTM U CMepTHOCTM BO BCeM Mupe [41,84]. B 6onbliMHCTBE CryvaeB napannenbHO C BbILIEOMMCAHHBIMA
COCTOSIHUSIMW NOSIBNIAETCS W MOYEYHast NaTonorust B BUge anbbyMUHYpUM N CHUKEHMSI CKOPOCTM KNyBOYKOBOM hunbTpaLmm
(CK®) BnnoTb 40 pa3BUTUS TEPMUHATBHOM MOYEYHON HEJOCTATOYHOCTM M IeTanbHOro uexoga [37].

Llenb. ObobLeHne nnuTepaTypHbIX CBEOEHMIA O COCTOSHWM YINEBOAHOrO ObMeHa M (YHKLWM MOYEK Y MaUMEHTOB C
OCTpPbIM KOpOHapHbIM cuHapomom (OKC).

Crparerusi noucka. [lpoBefieH aHanu3 NUTEPATYPHbIX UCTOYHMKOB B OTKPLITOM AOCTYNE U3 HayyHbiX 6a3 gaHHbIX
PubMed, Medline, Google Scholar, Cyberleninka 3a nocnegHue 7 net (2018-2025 rr.). [lns noucka MCnonb30BanuCh
KntoueBble CrioBa: YrneBoAHbI 0BMeH, caxapHblil auabet, npeanabeT, OCTPbIA KOPOHAPHBIA CUHAPOM, (DYHKLWS MOYEK,
KapauopeHanbHbIii CUHAPOM, KapaMOpeHOMeTabonuueckuit CMHAPOM. B OaHHbIA nuTepaTypHbIil 0630p Obinu BKMKOYEHDI
MOMHOTEKCTOBbIE CTaTbM Ha PYCCKOM W aHrmuiickom s3blkax. Bcero npoaHanuavposaHo 206 paboT, w3 Hux uUenu
nccnegoBaHus U KpUTepUsM BKIloYeHus cooTBeTcTBoBana — 100.

PesynbTatbl. B gaHHoM nutepatypHoM 0630pe npescTaBneHbl 4aHHbIe 0 COCTOSHUM YrNEBOAHOrO 0BMeHa 1 NOYEYHOM
yHkumm y nauymeHTos ¢ OKC.

3akntoyeHune. Ha ocHoBaHUM NpoBeAeHHOro 063opa nuTepaTypbl YCTAHOBMEHO, YTO HapYLUEHUs YrieBOAHOro obMeHa
(HYO) poctaToyHo yacTo BcTpevatotcs y maumentoB ¢ OKC — pgaHHble BapbupytoT oT 11 go 67%. OKC Hepegko
COMPOBOXAAETCA W HapyLLeHneM dyHKLum nodek (HPI). YacTota BCTpE4aEMOCTM NOYEYHOM ANCHYHKLMN Cpeay naLmueHToB
¢ OKC cornacHo nutepaTtypHbiM AaHHbIM cocTaenseT 10 - 61%. OpgHOBpeMeHHOe nopaxeHue CcepLeyHO-CoCyancTon
CUCTEMbI M NOYeK B coveTaHun ¢ HYO umeHyeTcs TepMUHOM Kapamo-peHo-MeTabonnyeckuii CUHAPOM, Hanuine KOToporo
3HaYMTENBHO OTArOLLAEeT NPOrHO3 NALMEHTOB.

Knroyeenie cnoea: yenesodHbili 0bMeH, caxapHbill duabem, npeduabem, ocmpbIll KOPOHaPHBIU CUHOPOM, (hyHKUUS
noyex, kapduopeHasnbHbIli CUHOPOM, kapouopeHoMemaboudeckuti cuHOPOM

Ans yumupoeaHus:

KasapsiH C.Y., basapbekoga P.b., [JocaHosa A.K., Kacbmanuesa P.A., Hypnbikaumosa X.A., Abcamaposa K.C.,
Skynosa M.M. CoctosHne meTabonuama yrneBofoB U (OyHKLUMW MOYEK Y NALMEHTOB C OCTPbIM KOPOHAPHBIM CUHAPOMOM.
O630p nutepartypsl // Hayka n 3opasooxpaHerue. 2025. Vol.27 (6), C.172-184. doi 10.34689/SH.2025.27.6.019

Tyvingeme
KeMIPCY AJIMACYbIHbIH XXAfAAWbI XXoHE BYUPEK KbI3METI
XEAOEN KOPOHAPIIbIK CUHOPOMbI BAP HAYKACTAPAA.
OAEBUETTIK LUOMY.

CeetnaHa Y. Kasapsan1, https://orcid.org/0000-0002-8511-2567

Pumma B. Bazap6ekosa’, https://orcid.org/0000-0002-0470-7594

Annyp K. flocaHoBa, https://orcid.org/0000-0002-0565-9651

Puta A. Kacsimanuesa?, https://orcid.org/0009-0003-2158-5802

Xasupa A. Hypnbikaumosa', https://orcid.org/0009-0009-3723-9879
Kapawauw C. AG6caraposaz2, https://orcid.org/0000-0003-2739-3468

Manuka M. fikynosa?, https://orcid.org/0009-0005-7527-5118
1«Kaaaxc-raH-Peceil MeguuMHanbIK yHuBepcuteTi», AnMarhbl K., KazakctaH Pecnybnukacbl;

2 9n-®apabu aTtbiHaarbl Kasak ynTTbiKk yHuBepcuTeTi, Anmarhbl K., KazakctaH Pecny6nukachbl.

Kipicne. Xypek-kaH Tamblpnapbl aypynapbl (XKA) anem 60MiblHWA CbIpKATTAHYLbINbIK NEH eniM-XITIMHIH, eH KeH,
TapanraH cebebi 6onbin Tabbinagbl [41,84]. Ken xafnanaa xofapblaa cunattansaH xafgannapMeH katap ansbymuHypus
XaHe WyMaKTbIK, Cy3iny xbingamablebiHbib, (LUCXK) TemeHpeyi TypiHgeri Gyipek matonoruscel ga nanga Gonagpl, Oyn
TepMUHaNZbIK Byipek XeTKinikciaairiHin, JamybiHa XaHe enimre aeliH akenyi MyMmki [37].

Makcatbl. Xepen kopoHapnbik cuHapoMbl (XKKC) 6ap Haykactapha kemipcy anmacybiHbiH, Xafhalbl MeH Oyipek
KbI3MeTi Typarnbl afebu fepekTepai Tanaan, XuHakTay.

I3gey ctpaterusicbl. CoHfbl 7 xbin iwiHge (2018-2025 xx.) PubMed, Medline, Google Scholar, CyberLeninka albik
FbITBIMM  [lepekkopnapbiHaarbl aaebu fepekkesgepre Tangay yprisingi. lagey OapbicbiHoa Keneci Herisri cespep
nanpanaHbingpl: KeMmipcy anmacybl, KaHT guabeti, npeguabet, Xeden KOpPOHApsblk CUMHOPOM, OyMpeK KbI3METi,
KapavopeHanbabl CUHAPOM, KapauopeHomeTabonukanbik cuHapoM. LLony asicbiHaa Kasak, KaHe afblNWbIH TiNAEpiHAer
TOMbIK MaTiHAI Makananap kapactblpbingbl. Kannbl 206 xyMbic TangaHbin, oHblH, 100-i ipikTey kpuTepuinepiHe Camkec
kengi.

HaTtuxenep. 9ebm wonyna XKC 6ap HaykacTapaa kemipcy anmacybl MeH Byipek KbI3METiHiH, arLanbiHa KaTbICTbl
ManiMETTEp YCbIHbINFaH.

KopbITbiHAbL. 9aebu aepektepai Tangay XXKC 6ap Haykactap apackiHaa keMipcy anmacybiHbiH, By3binbicTapbl (KAB)
XMi Ke3AECETiHIH KepCeTTi, onapablH, Tapany xwuiniri 11%-paH 67%-ra geniH. CoHbimeH katap, KKC xui OyApek KbI3METiHiH,
Oy3binybimeH (BKB) katap xypegi, oHbiH, Tapany xuiniri 10%-gaH 61%-ra geiin xeteqi. XXypek-KaHTambIp Xyieci MeH
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OyipekTin, 6ip Mesringe 3akbiMganybl, Kemipcy anmacybiHblH, Oy3binbicTapbiMeH 6ipre kapauopeHoMeTabonukanbik,
CvHApoM Aen atanagbl. byn CHAPOMHbIH, 6onybl HAYKACTbIH, BOMKaMbIH aTapnbIKTall HalwapnaTagbl.

TyliHdi ce3dep. Kemipcy anmacybi, kaHm Auabemi, npeduabem, xeden KOPoHapsblK CUHOPOM, Gylpek Kbismemi,
KkapduopeHasnbObl CUHOPOM, KapduopeHomemabonuKasbIK CUHOPOM.
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Introduction

Cardiovascular diseases (CVD) are the most common
causes of morbidity and mortality worldwide [22]. Similarly,
diabetes mellitus (DM) is also a major contributor to these
adverse outcomes [73]. At the same time, global data on
the prevalence of CVD among individuals with type 2
diabetes (T2D) remain insufficient. From this standpoint, the
findings of the recent CAPTURE study are highly important;
among 9,823 participants with T2D, more than one-third (n
= 3,582; 36.5%) had confirmed CVD. Confirmed CVD was
defined as the presence of any of the following conditions:
coronary artery disease (CAD), cerebrovascular disease,
heart failure, arrhythmias or cardiac conduction disorders,
aortic disease, or peripheral or carotid artery disease [55].
The prevalence of CAD in patients with T2D reaches 21%.
Noteworthy are also data demonstrating a high prevalence
of prediabetes and T2D among individuals with CVD,
particularly those with CAD [8]. The incidence of DM in the
setting of acute coronary syndrome (ACS) ranges between
25-30% [13, 6]. It is also well known that many patients
with CVD present with impaired renal function (IRF) [39].

Aim. To summarize the literature data on carbohydrate
metabolism and renal function in patients with acute
coronary syndrome.

Search Strategy

The literature search for the present review was conducted
using major scientific databases, including PubMed, Medline,
Google Scholar, and CyberLeninka. Publications from the last
seven years (2018-2025) were considered. Selection was
carried out among systematic reviews, meta-analyses, and
original research articles published in both Russian and
English. The search strategy was based on the use of the
following key terms: «carbohydrate metabolism», «diabetes
mellitus», «prediabetes», «acute coronary syndrome», «renal
function», «cardiorenal syndrome» and «cardiorenometabolic
syndromep.

The inclusion criteria were: articles published between
2018-2025, available in full-text format, written in either
Russian or English, and classified as systematic reviews, meta-
analyses, or original research studies. The exclusion criteria
were: publications in other languages, materials presented in
the form of theses or abstracts, as well as studies not relevant
to the stated topic of the present review.

A total of 206 publications were identified through the
search. The majority of the studies were refrieved from
PubMed (96 publications) and CyberLeninka (54 publications).
Google Scholar and Medline contained 30 and 26 publications
respectively. At the stage of initial screening, 12 duplicate
articles were excluded. Additionally, 58 studies published in
foreign sources requiring paid access, as well as 36
publications unrelated to the research topic, were excluded. As
a result of the selection, 100 publications that most

comprehensively reflected current data on the studied issue
were included in the analytical part of the review. The selection
algorithm is presented in Fig. 1.

Search in PubMed, Medline, Google Scholar, and
CyberLeninka databases — 206 articles.

v v

Accepted for.anaIyS|s -100 Rejected articles - 106
articles

Figure 1. Flow diagram of materials extraction.

Definition and Classification of ACS

Acute coronary syndrome (ACS) is a modern synonym
for the concept of acute coronary artery disease (CAD).
CAD is a supra-nosological concept that may present in
acute or chronic forms [9].

ACS includes the following conditions: myocardial
infarction (MI), sudden coronary death, acute coronary
thrombosis without MI development in the context of
thrombolytic therapy (TLT) and/or percutaneous coronary
intervention (PCI), and unstable angina (UA) [9].

According to the definition by Thygesen et al., ACS
encompasses conditions characterized by acutely occurring
clinical symptoms, 12-lead electrocardiogram (ECG)
changes (with or without such changes), and marked
elevation of cardiac troponin (cTn) concentrations (with or
without such elevation) [87,40].

Patients with suspected ACS may be diagnosed with
acute MI or unstable angina (UA). The diagnosis of Ml is
made according to the Fourth Universal Definition, which is
based on the detection of elevated serum cTn levels in
patients [87,3].

UA is an ACS manifesting with a characteristic clinical
presentation (progression of exertional angina functional class,
onset of rest angina, and a high likelihood of progression to MI)
in the absence of biochemical markers of cardiomyocyte injury.
The clinical and pathogenetic variants of UA are reflected in the
Braunwald classification (Table 1) [27].

In patients presenting with sudden-onset acute chest
pain or its equivalent and persistent ST-segment elevation
or its equivalents, ST-segment elevation myocardial
infarction (STEMI) is diagnosed. In most of these patients,
myocardial necrosis and elevated cTn levels are observed.

In cases of anginal chest pain without persistent ST-
segment elevation (or its equivalents) on ECG, a
preliminary diagnosis of non-ST-segment elevation ACS
(NSTE-ACS) is established. ECG changes may include the
following: transient ST-segment elevation, persistent or
transient ST-segment depression, T-wave abnormalities
including hyperacute T-waves, T-wave inversion, biphasic
or flattened T-waves, and T-wave pseudonormalization. In
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some cases, the ECG may remain normal. In most such
patients with characteristic rises and falls in cTn levels,
non-ST-segment elevation myocardial infarction (NSTEMI)

Classification of unstable angina by E. Braunwald.

is diagnosed. In patients with normal c¢Tn levels, unstable
angina (UA) is diagnosed [21].

Table 1.

Variants

A - presence of an external

B — no external factor | C — BO3HMKAET B TEYeHUE

preceding 48 hours; acute rest
angina

Causes factor that increases ischemia | causing angina 2-X  Hepgenb  nocne
Secondary UA (unstable | Primary UA (unstable | uHdapkta Mmokapaa
Angina pectoris angina) angina) MoctuHapkTHas HC
| - severe exertional angina | 1A IB IC
(new-onset or progressive)
I — angina within the past | lIA 1B lIC
month, but not during the
preceding 48 hours; subacute
rest angina
Il - rest angina during the | IlIA B e

Importantly, at the Cardiology Congress held in London
in 2024, it was emphasized that ACS may arise as a result
of progression and destabilization of a condition referred to
as chronic coronary syndrome (CCS). This term was first
introduced in 2019 at the European Cardiology Congress in
Paris, where it was adopted to replace the previous term
«stable coronary (ischemic) disease». CCS represents a
condition evolving from the formation of an atherosclerotic
plaque to the development of functional coronary artery
impairment. The mechanisms underlying CCS are
associated with myocardial ischemia caused by diffuse
atherosclerotic involvement rather than solely by flow-
limiting stenoses [88,12].

Classification of Myocardial Infarction

The current MI classification distinguishes five types
[25]:

Type 1. MI resulting from rupture or erosion of an
atherosclerotic plaque (AP), leading to thrombus formation,
significant reduction of blood flow distal to the affected AP,
and development of myocardial necrosis. Less commonly,
type 1 MI may be caused by the formation of an intraplaque
hematoma with progressive enlargement and narrowing of
the arterial lumen.

Type 2. Occurs due to ischemia either in the presence
or absence of coronary atherosclerosis, and may result
from embolism or spontaneous coronary artery dissection,
hypoxia, arrhythmias, blood pressure fluctuations, and other
causes.

Type 3. Type 3 MI corresponds to cases of acute MI
confirmed at autopsy, as patients die before blood samples
can be obtained to detect biochemical markers of
myocardial necrosis. Supporting evidence for acute Ml may
include a history of ischemic symptoms and characteristic
electrocardiographic changes.

Type 4a. Ml associated with complications occurring
during percutaneous coronary intervention (PCI) or within
the first 48 hours following the procedure.

Type 4b. MI caused by coronary stent thrombosis
confirmed by either coronary angiography (CAG) or
autopsy. Depending on the time elapsed after stent
implantation, stent thrombosis is classified as acute (0-24
h), subacute (>24 h-30 days), late (>30 days—1 year), and
very late (>1 year).

Type 4c. Ml due to restenosis in the artery
corresponding to the necrosis zone, occurring in the
absence of thrombosis and other lesions in the infarct-
related artery.

Type 5. Ml associated with coronary artery bypass
grafting (CABG).

This Ml classification takes into account several factors,
including the underlying causes and mechanisms, updated
ECG criteria, coronary imaging findings, and levels of high-
sensitivity biomarkers.

In ESC member countries, cardiovascular diseases
(CVD) account for approximately 2.2 million deaths among
women and more than 1.9 million deaths among men.
Among mortality causes attributed to CVD, coronary artery
disease (CAD) accounts for 38% of deaths in women and
44% in men [86]. ACS is often the first clinical
manifestation of CAD. According to expert data, in 2019,
5.8 million new cases of CAD were recorded across 57
ESC member countries [86].

Prevalence of Disorders of
Metabolism among Patients with ACS

A significant proportion of patients with cardiovascular
diseases (CVD) have diabetes mellitus (DM). The risk of
peripheral artery disease and the development of coronary
artery disease (CAD) in DM is associated with a range of
factors, primarily hyperglycemia, insulin resistance, and
elevated levels of advanced glycation end-products (AGEs)
[38,28,34,41,71,45,79,80].

It is well known that disorders of carbohydrate
metabolism (DCM) are frequently detected in patients with
ACS. According to registry data, DM in ACS patients is
observed at a frequency of 22-65% [30,31,98,97].

Among patients with ST-segment elevation myocardial
infarction (STEMI), one quarter had a previously
documented diagnosis of DM, and more than 40% had
prediabetes or newly diagnosed type 2 DM (T2DM)
[56,82,37].

According to the results of a well-known epidemiological
study, The Euro Heart Survey on Diabetes and the Heart
(EHS), which included 2,107 ACS patients with no prior
history of DCM, such disorders were identified in 58% of
cases, with newly diagnosed T2DM in 22%. Even more

Carbohydrate
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patients (36%) were found to have impaired glucose
tolerance (IGT) [70].

In a study by Rizaeva M.A. [17], among 344 patients
with Ml aged 35 to 90 years, DCM were detected in 55% of
cases.

Sheen M. et al. [76] found T2DM in 19.03% of 529
STEMI patients, of whom newly diagnosed T2DM
accounted for 11.11%.

According to data from Nikitina E.A., the prevalence of
T2DM among patients with non—ST-segment elevation ACS
(NSTE-ACS) was 12.17%, while in patients with ST-
segment elevation ACS it was 13.89%.

The detection rate of DM among MI patients ranges
from 14.3% to 40.9% [13].

According to Shestakova M.V. et al. [19], T2DM was
identified in 8-14% of patients with CVD, and prediabetes in
14.6-36.4% of cases, which exceeds the corresponding
population indicators reported in the NATION study (5.4%
and 19.3%, respectively) [96].

In a study by E.H. Ploumen et al., among 988 patients
who underwent PCI, newly diagnosed T2DM was detected
in 68 patients (6.8%), while 132 patients (13.4%) had
prediabetes [66].

According to a meta-analysis conducted by J. Yang et
al. in 2020, the prevalence of prediabetes among patients
with ACS ranged from 26% to 38% [93].

In another study published by L. Nguyen et al. in 2020,
approximately 34% of ACS patients had prediabetes [62].

According to a separate meta-analysis by N. Laichuthai
et al., the prevalence of prediabetes among patients with
acute Ml was 48.4% [50].

It is widely recognized that prediabetes is a major
predictor of T2DM development. It has been demonstrated
that T2DM develops in nearly all individuals with previously
diagnosed prediabetes over the course of life, with one
quarter of these patients progressing within the first 3-5
years. In addition to the high likelihood of T2DM
development, individuals with prediabetes have an
increased risk of both macrovascular and microvascular
diabetes-related complications [44,59].

According to the literature, the course of ACS is
significantly aggravated by the occurrence of another type
of DCM known as «stress hyperglycemia». Stress
hyperglycemia is a transient elevation of plasma glucose
levels in critically ill patients, with or without pre-existing DM
[29,26,35]. Critical states in this context include major
surgical interventions, acute illnesses, life-threatening
conditions requiring intensive care, and major trauma.
According to the Consensus Statement of the American
Association of Clinical Endocrinologists and the American
Diabetes Association (ADA), stress hyperglycemia is
defined as any elevation of blood glucose above 7.8 mmol/L
in the absence of a history of diabetes [52].

The incidence of stress hyperglycemia in critically ill
patients reaches 90%. In MI, its frequency, according to
various authors, ranges from 20% to 80% [64,4]. According
to another study, stress hyperglycemia during the acute
phase of Ml is observed in 44.4% of cases [14].

The pathogenesis of stress hyperglycemia is associated
with stress-induced activation of the sympathetic nervous
system, the release of insulin antagonists - particularly cortisol -

and proinflammatory cytokines [96]. The relationship between
stress hyperglycemia and elevated cortisol levels has been
examined in detail in a study by R.K. Pandey [63].

In a well-known study [43], predictors of stress
hyperglycemia in patients after cardiac surgery were
analyzed. Among 3,658 medical records reviewed, 1,453
patients developed stress hyperglycemia postoperatively.
The analysis demonstrated that the factors significantly
associated with its development included female sex, older
age, body mass index, elevated serum creatinine, left
ventricular ejection fraction, history of cardiac surgery, and
cardiogenic shock.

Confirmed  biochemical  predictors  of  stress
hyperglycemia in patients with acute MI (AMI) include
elevated glycated hemoglobin, hyperinsulinemia, and
proinflammatory cytokines [72,20].

It is important to note that the adverse prognostic
impact of disorders of carbohydrate metabolism in ACS
patients has been well known for a long time. For example,
according to a meta-analysis conducted in Sweden in 2007
that included 22 randomized clinical trials and 6,315 STEMI
patients, mortality was higher in individuals with diabetes
compared with those without [23].

Similar results were obtained by Xu F. et al. [92], who
found that in-hospital MI mortality was significantly higher
among patients with diabetes than among those without
(16% vs. 6%, P < 0.001).

According to a meta-analysis by M. Zeng et al. [95],
prediabetes also exerts a negative prognostic influence in
MI patients. As in T2DM, mechanisms contributing to these
adverse outcomes include insulin resistance, endothelial
dysfunction, dyslipidemia, and oxidative stress. By
promoting the formation of unstable atherosclerotic plaques,
these mechanisms create a high risk of plaque rupture and
erosion, and consequently acute coronary events, including
MI. Glucotoxicity, leading to myocardial remodeling, is also
considered relevant [95,51].

Renal Function in Patients with ACS

ACS is frequently accompanied by impaired renal
function (IRF). The mechanism of kidney injury in Ml is
primarily associated with inadequate renal perfusion due to
reduced cardiac output [99,100,18,5].

Another cause of IRF is exposure to radiographic
contrast agents during coronary angiography (CAG),
leading to contrast-induced nephropathy (CIN) [40,85,47].
CIN develops in approximately 3-19% of patients
undergoing the procedure [34], and in about 1% of such
cases, hemodialysis becomes necessary [74]. In patients
with pre-existing chronic kidney disease (CKD) and
additional risk factors, the likelihood of CIN development
increases up to 50% [54].

Acute kidney injury (AKI) is a serious complication of MI
[1]. This condition is observed in 10-60% of patients with
ACS [16,22]. Renal impairment in ACS ranges from 4.4%
to 13.2%, depending on the method used to calculate
estimated glomerular filtration rate (eGFR) [89].

Roumeliotis S. et al. assessed the prevalence of
unrecognized renal insufficiency in 12,830 ACS patients
and found it to be 19.8% (defined as eGFR below 60
mL/min/1.73 m?) [70].

176



Hayka u 3apaBooxpanenue, 2025 T.27 (6)

0030p JAuTEPATYPHI

In a study by Qi L. et al., the prevalence of IRF among
ACS patients was 61% (1,146 out of 1,860). Specifically,
mild IRF (eGFR 60-90 mL/min/1.73 m?) was present in
40.1% (746) of patients, while severe impairment was noted
in 20% (400) [67].

In a joint Chinese-American research project, mild IRF
was detected in 36.17% of cases, and significant
impairment in 17.87% [91].

In another study involving a retrospective analysis of
314 ACS cases, mild renal impairment was more common
in men (51.5%) than in women (42.7%). Moderate renal
dysfunction was observed in 12.2% of men and 30.9% of
women [18].

It has been demonstrated that IRF occurs more
frequently in non—-ST-segment elevation ACS (NSTE-ACS)
cases (42.9%) compared to ST-segment elevation ACS
(STE-ACS) (30.5%) [6,32]. Findings from various clinical
studies indicate that 35-40% of ACS patients exhibit renal
insufficiency of varying severity [92]. Other studies have
also confirmed that ACS is often associated with reduced
renal function [91,90,75].

In a meta-analysis conducted by J.W. Pickering et al.
including 36 unique studies and 100,476 ACS patients, the
prevalence of IRF reached 15.8%. The authors also
reported that ACS complicated by AKI was associated with
more than a threefold increase in early mortality and more
than a twofold increase in long-term mortality [65].

In a study by M. Zykov et al., aimed at establishing the
clinical and prognostic significance of IRF in ACS patients, it
was found that renal impairment assessed within the first 24
hours of ACS-regardless of initial treatment strategy-served
as a predictor of cardiovascular complications during a
three-year follow-up period [6].

According to another meta-analysis including 25 studies
with a total of 254,408 adults with ACS, IRF was associated
with an 86% increase in cardiovascular mortality risk, a 38%
increase in major adverse cardiovascular events (MACE),
and a 58% increase in heart failure risk [87].

Cardiorenal-Metabolic Continuum

The simultaneous involvement of the heart and kidneys
against the background of metabolic disturbances is referred to
as the cardiorenal-metabolic (cardiovascular) continuum
(CRMC). According to the definition by Reznik E.V., «the
cardiovascular continuum is a chain of interconnected changes
in the cardiovascular system-from exposure to risk factors
(arterial hypertension, diabetes mellitus, dyslipidemia, obesity,

smoking, etc.) through the gradual development and
progression of endothelial dysfunction, atherosclerosis, left
ventricular (LV) hypertrophy, coronary artery disease (CAD),
myocardial infarction (M), to the development of heart failure
(HF) and death» [15]. Regardless of the etiological factor,
endothelial dysfunction represents the initial («triggering») link
in the formation of this syndrome.

In the setting of dysglycemia, the major causal factor of
endothelial dysfunction is hyperglycemia, which induces
activation of the polyol pathway, heparanase, heparan
sulfate degradation, and non-enzymatic protein glycation
[15,58].

Subsequently, increased activity of the local renin-
angiotensin system (RAS) plays a significant role, leading to
the development of systemic and intraglomerular
hypertension. The latter is observed in 40% of patients with
type 2 diabetes (T2DM). There is evidence suggesting an
association between the risk of renal damage in T2DM
patients and RAS-related genes, as well as genes encoding
endothelial factors (eNOS3) [7].

One of the variants within the CRMC framework is the
cardiorenal syndrome (CRS).

The concept of «cardiorenal syndrome» (CRS) was
formulated in 2008. This term encompasses the bidirectional
interaction of pathological ~processes between the
cardiovascular system and the kidneys: acute or chronic
dysfunction of one organ leads to acute or chronic dysfunction
of the other. In CRS, the primary disease may involve the
kidneys, resulting in renal failure and subsequently
cardiovascular complications and heart failure. Conversely,
primary cardiac pathology may lead to HF, which in turn causes
renal dysfunction and injury, leading up to end-stage renal
disease (ESRD) [81] (Table 2).

Acute Cardiorenal Syndrome (CRS Type 1)

Acute CRS refers to sudden kidney injury occurring in
the setting of rapidly developing cardiac pathology, such as
myocardial  infarction ~ with  cardiogenic  shock,
decompensation of chronic heart failure, coronary
angiography (CAG), or cardiac surgery. Chronic kidney
disease (CKD) is usually a predisposing factor [69,48]. This
condition is associated with an increased risk of mortality
[42,9,70]. A significantly adverse prognostic factor is
reduced left ventricular ejection fraction (LVEF) [77].

The abrupt decline in renal function reflects the severity of
the patient's condition, as it is accompanied by activation of
inflammatory cascades and an increased risk of mortality [84].

Table 2.
Classification of CRS [68].

Type | Title Clinical situations

1 Acute cardiorenal AKl in the setting of ACS, acute heart failure, decompensated chronic heart failure,
syndrome pulmonary embolism, after coronary angiography, and cardiac surgery

2 Chronic cardiorenal Chronic kidney disease (CKD) in patients with chronic heart failure secondary to
syndrome coronary artery disease, hypertension, cardiomyopathies, valvular heart disease, and

other etiologies

3 Acute renocardiac Hypertension, acute coronary syndrome, acute heart failure, and neurohormonal
syndrome activation in the setting of acute kidney injury

4 Chronic renocardiac Cardiovascular pathology (hypertension, left ventricular hypertrophy, cardiac structural
syndrome calcifications, valvular heart disease, myocardial infarction) in chronic kidney disease

5 Secondary cardiorenal  pystemic disease involving both cardiac and renal systems
syndrome
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Chronic Cardiorenal Syndrome (CRS Type 2)

The development of chronic cardiorenal syndrome type
2 is usually caused by the presence of pre-existing chronic
cardiac pathology (for example, chronic heart failure) with
prolonged reduction of renal perfusion. However,
hemodynamic disturbances are not the only reason for the
decline in glomerular filtration rate. Neurohormonal shifts
are also considered important, including disturbances in the
balance between the production of vasoconstrictors and
vasodilators, and the use of diuretics, which may lead to
hypovolemia [49,60]. The onset of chronic kidney disease
in such patients serves as a predictor of the development of
systolic and diastolic left ventricular dysfunction and
cardiovascular death [24].

Acute Renocardiac Syndrome (CRS Type 3)

Acute renocardiac syndrome develops as a
consequence of sudden renal dysfunction that leads to
acute impairment of cardiac function, including heart failure,
arrhythmia, and ischemia. Such a situation may be
observed in acute kidney injury, acute glomerulonephritis or
pyelonephritis, acute tubular necrosis, or acute obstruction
of the urinary tract [94,57].

Chronic Renocardiac Syndrome (CRS Type 4)

In chronic renocardiac syndrome type 4, the primary
condition is chronic renal damage, which causes
impairment of cardiac function in the form of left ventricular
hypertrophy, diastolic dysfunction, and other abnormalities
[55].

Secondary Cardiorenal Syndrome (CRS Type 5)

Cardiorenal syndrome type 5 is associated with pre-
existing acute or chronic diseases that simultaneously affect
both the heart and the kidneys. Such conditions may
include sepsis, systemic connective tissue diseases, and
sarcoidosis.

Chronic heart failure significantly increases the risk of
deterioration of kidney function and adverse renal
outcomes, particularly when associated with a rapid
decrease in estimated glomerular filtration rate (more than 5
milliliters per minute per 1.73 square meters per year). In
turn, reduction of kidney function and the occurrence of
microalbuminuria increase the risk of developing heart
failure.

Thus, the cardiorenal syndrome is part of the
cardiorenal-metabolic axis [78]. Cardiorenal syndrome may
be diagnosed in 32-90.3% of patients with heart failure.
Impairment of kidney function has an unfavorable
prognostic significance, as it leads to increased mortality in
patients with heart failure.

Conclusion

The literature data on the prevalence of disorders of
carbohydrate metabolism and renal impairment in acute
coronary syndrome are characterized by considerable
variability. The prevalence of disorders of carbohydrate
metabolism in acute coronary syndrome ranges from 11%
to 67%. With regard to renal pathology, its frequency
among patients with acute coronary syndrome, according to
different authors, ranges from 10% to 60%.

Meanwhile, timely detection of impaired renal function,
as well as disorders of carbohydrate metabolism, in the
context of acute coronary syndrome is extremely important
from the standpoint of the possible development of

cardiorenal syndrome in this category of patients.
Considering the mechanisms of the formation of cardiorenal
syndrome, cardiorenal syndrome in acute coronary
syndrome most likely corresponds to type 1 and,
consequently, requires immediate intervention aimed at
eliminating  hemodynamic, metabolic, and  other
disturbances [16].

In particular, in cases where type 2 diabetes mellitus is
diagnosed in the setting of acute coronary syndrome, it is
reasonable to prescribe medications that modify the course
of the disease, specifically sodium-glucose cotransporter 2
inhibitors and glucagon-like peptide-1 receptor agonists.
These classes of medications were originally developed as
"hypoglycemic agents." However, in numerous studies
assessing cardiorenal safety in patients with type 2 diabetes
mellitus, they have convincingly demonstrated beneficial
effects on both cardiovascular and renal outcomes. This is
very important, since patients with type 2 diabetes mellitus
exhibit a high association with adverse development of both
microvascular and macrovascular complications [10,11]. By
suppressing the reabsorption of glucose and sodium in the
proximal renal tubules, sodium-glucose cotransporter 2
inhibitors contribute to a reduction in preload and afterload,
improvement of energy metabolism, and cardiac
remodeling. Clinically, this manifests as a decrease in
arterial blood pressure, improvement of cardiac contractility,
and reduction of heart failure symptoms [11,46].

At the same time, due to a decrease in intraglomerular
pressure, the workload on the kidneys is reduced, which is
expressed as stabilization of estimated glomerular filtration
rate, reduction of ischemic kidney injury, and ultimately-
improvement of renal function [33,36].

Despite the absence of a pronounced effect of
glucagon-like peptide-1 receptor agonists on renal
hemodynamic parameters, this class of medications
demonstrates nephroprotective capacity by reducing
albumin excretion in patients with type 2 diabetes mellitus.
Presumably, their nephroprotective effect is associated with
decreased formation of proinflammatory cytokines and
reduction of oxidative stress, which contributes to
prevention of damage to structures of the glomerular
filtration barrier [43,92].
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