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ABSTRACT

Aim. To assess the prevalence of elevated serum liver transaminases (LTs), including alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), and their impact on in-hospital and long-term mortality in patients
with acute myocardial infarction (AMI).

Materials and methods. The prospective observational study included 416 consecutive AMI patients (median
age 65 years, 40.9% female, 46.9% with ST elevation) without prior liver diseases, who underwent coronary
angiography within 24 hours after hospitalization. AST and ALT levels were measured upon admission. LTs
were considered as abnormal when their levels exceeded the local upper limit of normal. Clinical endpoints were
all-cause in-hospital and 18-month mortality. Associations between clinical endpoints and various risk factors,
including LT levels, were assessed by the multivariate logistic regression analysis.

Results. Elevated LT levels were seen in 28.6% of AMI patients: an isolated increase in ALT was noted in 17.8%
of patients, while an isolated increase in AST was registered in 25% of cases. In-hospital and 18-month mortality
was 5.8 and 11.3%, respectively. Abnormal LT levels were associated with the presence of ST elevation (odds
ratio (OR) 1.873, 95% confidence interval (CI) 1.218-2.881, p = 0.004), lower systolic and diastolic blood pressure
(OR 0.993, 95% CI 0.986-1.0, p = 0.04 and 0.979, 95% CI 0.964-0.994, p = 0.007, respectively), higher Killip
class (OR 1.510, 95% CI 1.142-1.999, p = 0.004), and higher creatinine level (OR 1.010, 95% CI 1.003-1.016,
p = 0.004). In the multivariate analysis, elevated LT levels were independently associated with in-hospital and
18-month mortality (OR 3.607, 95% CI 1.199-10.848, p = 0.022 and 2.182, 95% CI 1.011-4.708, p = 0.047,
respectively).

Conclusion. Elevated LT levels were present in about a third of patients with AMI. They were associated with
specific clinical, biological, and prognostic features, including in-hospital and long-term mortality in AMI patients.

Keywords: acute myocardial infarction; alanine transaminase; aspartate transaminase; in-hospital mortality; long-
term mortality, prognosis
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PE3IOME

esb. OLeHUTH PacPOCTPAHEHHOCTH MTOBBILICHHOTO YPOBHS allaHHHAMUHOTpaHCc(epasbl (aTaHUHTPAHCAMUHA3BI,
AJIT) n acnapraramuHoTpancdepassl (acmaprarrpancamutassl, ACT) y O0TBHBIX ¢ OCTPBIM HH()APKTOM MHOKap-
na (OMIM) 1 UX BO3MOKHOE ITPOrHOCTHYECKOE BIMSHUE HA FTOCIUTAIBHYIO U J0JATOCPOYHYIO CMEPTHOCTb.

Marepuanasl u Metoibl. [IpocrnexTHBHOE HaOIIOATENBHOE HCCIENOBaHUE BKIOYano 416 mocienoBaTellb-
HBIX manueHToB ¢ OMM 6e3 U3BECTHOrO Ha MOMEHT TOCHHTAIHM3ALMK 3a00JIeBaHys TeUeHH (MeraHa Bo3pacra
65 ner, 40,9% sxenumH, 46,9% c nogbemoM cermenta ST), KOTOPBIM BBINONHSIN KOPOHAPOTpa(UIO B TEUECHUE
nepBbIX 24 4 mocie noctymieHus B cranuoHap. CeiBopoTounsle nokazarenu ACT u AJIT ompenensnucs cpasy
IpU MOCTYIUICHUH. 3HaueHus CBhIBOPOTOYHBIX TPaHCAMHUHA3 CUYUTAJIMCH IMMOBBIICHHBIMHU, €CJIU UX YPOBEHDb ITPEBLI-
I1aJT BEPXHIOI0 IPAHUILy HOPMBI, ONPEIENIEHHO Juist TokanbHOH nabopaTopun. KOHEUHBIME KITMHUUECKUMHU TOY-
KaM# 00CepBaIIOHHOT0 HCCIIEN0BaHUs ObLIM ONPe/IeIeHbl BHYTPUOONIbHUYHAS U | 8-MecsauHas cMepTHOCTb. CBsi3b
MEXAY KIMHUICCKUMU KOHEYHBIMU TOYKaMH U BEPOSATHBIMU q)aKTOpaMI/I PpuCKa, BKJIKO4Yast YPOBEHB CbIBOPOTOYHBIX
TPaHCAMMHA3, OLEHHBAIMCH C IPUMEHEHHEM MHOTO(AaKTOPHOTO JOTHCTHYECKOTO PErPECCHOHHOTO aHaJIN3a.

Pe3yanTatsl. [loBblIeHHBIE 3HAYCHNS TPaHCAMUHA3 HAOI0AaINCh y 28,6% maruentos ¢ OVIM: n3onnpoBanHoe
noBeimenne AJIT ormevanocs y 17,8% OomnbHbIX, uzonupoBanHas runeppepmentemuss ACT — B 25% ciyuacs.
BryTtpubonsnmynas u 18-mecsiuHas CMEpTHOCTh B uccienoBanun coctasuwin 5,8 u 11,3% coorBercreenHo. Ilo-
BBIIIICHUE YPOBHSI TPaHCAMUHA3 ObLJIO CBSI3aHO C perucTpaiuei noasrema cermenra ST Ha 3JeKTpOKaprorpaMme
(orHomenue manco (OLI) 1,873; 95%-ii noseputenbublil naTepBan (JN) 1,218-2,881; p = 0,004), Gonee HU3-
KHUM CHCTOJIMYCCKUM U JIMACTONMUCCKUM aprepuaiibHbiM naienreM (OIL 0,993; 95%-it 11 0,986-1,0; p = 0,04
u 0,979; 95%-it 11 0,964-0,994; p = 0,007 cOOTBETCTBEHHO), BBICOKHM KJIACCOM OCTPOM CEpIICUHON HEI0CTa-
tounoctu 1o mikane Killip (OLI 1,510; 95%-it 1N 1,142—1,999; p = 0,004) 1 nOBBIIICHUEM YPOBHS KpEaTHHHHA
(OI1I 1,010; 95%-it AN 1,003-1,016; p = 0,004). B MHOTO(baKTOPHOM aHAIH3E MOBBIICHUE TPAHCAMIHA3 HE3aBU-
CHUMO OBLIO aCCOIMUPOBAHO C BHYTPUOONbHIYHOM 1 18-Mecssunoii cmepTHOCTRIO (OIL 3,607; 95%-it IU 1,199—
10,848; p = 0,022 u 2,182; 95%-it 11 1,011-4,708; p = 0,047 cOOTBETCTBEHHO).

3axk04yenne. [ToBBIIIEHHBIH YPOBEHb TpaHCaMHUHAa3 0OHapykeH y Tpetr manueHTos ¢ OMM. On acconnnpoBan
C OMpeeTeHHBIMI KIMHIIECKIMHU, OMOTOTHUECKUMH M IPOTHOCTHIECKHMH OCOOCHHOCTSIMH, BKJTIOWAsl OTPHIlA-
TENIFHOE TIPOTHOCTUYECKOE BIMSIHUE Ha BHYTPUOOIBHUYHYIO 1 IONTOCPOYHYIO CMEPTHOCTH marueHToB ¢ OVIM.

KunroueBble c10Ba: aaHUHTpaHCAMUHA3a, acllapTaTTpaHCAMHUHAa3a, BHYTPHOOIEHIYIHAS CMEPTHOCTB, J0JIT0CPOY-
Hasi CMEPTHOCTb, OCTPBIH HH(PAPKT MUOKap/a, IPOTHO3
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KonduankT nHTepecoB. ABTOPHI 3asBIISAIOT 00 OTCYTCTBUH SIBHOTO WIIM MOTEHIATEHOTO KOH()INKTa HHTEPECOB,

CBSI3aHHOTO C ITyOJMKaIeil JaHHOW CTaThy.

Hcrounuk ¢punancupoBaHus. ABTOPBI 0OBSBISIIOT 00 OTCYTCTBHH (pMHAHCHPOBAHMS IIPH IIPOBEJCHUH HCCIIe-

JIOBaHWs.

CooTBeTcTBHE NPUHIHUIIAM 3THKH. Bcee YYaCTHUKHU oANHMCaIn I/IHCbOpMI/IPOBaHHOC COorjlacue Ha y4acTHue B HC-
crenoBanuu. VccmemoBanme OI[OGPCHO 3THYECKUM KOMUTEeTOM Poccuiickoro YHUBCPCUTETA pr)K6I:I Hapoa0B UM.

[atpuca JIlymymOBI.

Jas murupoBanus: Xoanr Y.X., Maiickos B.B., Mepaii 1.A., Kobanasa X./I. [IporHoctudeckasi EHHOCTh
MOBBIIICHHOTO YPOBHSI TPAaHCAMHMHA3 B KAUCCTBE MPEAUKTOPA HEOIArOMPUATHOTO UCXO0Ja Y OOJBHBIX C OCTPHIM
uHbpapKkTOM MUOKapaa. Broanemens cubupckoti meduyunst. 2024;23(3):126—135. https://doi.org/10.20538/1682-

0363-2024-3-126-135.

INTRODUCTION

Acute myocardial infarction (AMI) is a critical
manifestation of coronary artery disease (CAD),
characterized by obstruction of coronary artery,
leading to myocardial ischemia and subsequent
necrosis of myocardial tissue [1]. AMI causes acute
heart failure, resulting in reduction of cardiac output,
tissue perfusion, and passive venous congestion [2].
These hemodynamic alterations significantly affect
the liver, which receives about one-quarter of the
total cardiac output [3]metabolism, clearance, and
host defense are tightly dependent on an adequate
microcirculation. To guarantee hepatic homeostasis,
this requires not only a sufficient nutritive perfusion
and oxygen supply, but also a balanced vasomotor
control and an appropriate cell-cell communication.
Deteriorations of the hepatic homeostasis, as
observed in ischemia/reperfusion, cold preservation
and transplantation, septic organ failure, and hepatic
resection-induced hyperperfusion, are associated
with a high morbidity and mortality. During the last
two decades, experimental studies have demonstrated
that microcirculatory disorders are determinants
for organ failure in these disease states. Disorders
include 1.

In clinical practice, serum levels of alanine
transaminase (ALT) and aspartate transaminase
(AST) are routinely assessed to evaluate liver
function [4]. ALT, primarily localized in hepatocytes
with minimal distribution in cardiac, renal, and
muscular tissues, serves as a specific marker for
hepatic dysfunction [4]. In contrast, AST is derived
not only from hepatic tissue but also from various
other tissues, including the heart, erythrocytes,
skeletal muscles, kidney, and brain. Elevated AST
levels are observed following ischemic cell death

in these tissues [4]. While previous studies have
demonstrated an association between abnormal
transaminase levels and cardiovascular outcomes
[5-8]as a proxy marker of NAFLD, and death from
cardiovascular disease (CVD, the prevalence of
elevated transaminase levels and related outcomes in
patients with AMI remain understudied.

The aim of the study was to assess the prevalence
of elevated serum liver transaminases and factors
associated with them in a cohort of AMI patients and
to evaluate their impact on in-hospital and long-term
all-cause mortality.

MATERIALS AND METHODS

A single-center, prospective, observational study
was conducted in the Vinogradov Municipal Clinical
Hospital (Moscow, Russia) from January 2021 to
December 2022. The study included patients aged >18
years presenting with AMI who underwent coronary
angiography < 24 hours from symptom onset. The
exclusion criteria were: patients diagnosed with type
3,4, and 5 myocardial infarction (MI), as well as those
whodeveloped MIduring hospitalization. Additionally,
individuals with elevated liver transaminases (LTs)
indicative of hepatitis B or C, cirrhosis of the liver, fatty
liver disease, hepatobiliary obstructive disease, bone
disease, pancreatitis, infectious diseases or individuals
after a known episode of alcohol consumption prior to
the index event (the AST / ALT ratio of more than 2)
were excluded from the study [9]. The AMI diagnosis
was established following the Third Universal
Definition of MI [10].

We collected baseline demographic and
clinical characteristics, cardiovascular risk factors,
comorbidities, physical examination data, as well
as blood test and imaging findings (including
electrocardiography, echocardiography, and
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coronary angiography). Patients with incomplete
medical history were excluded from the dataset.
All blood samples obtained upon admission were
analyzed in the core laboratory of Vinogradov
Municipal Clinical Hospital.

Cardiac troponin [ levels were measured using the
Access 2 Immunoassay System (Beckman Coulter,
USA) with a 99"-percentile upper reference limit of
0.02 ng / 1. LTs were measured using the Beckman
Coulter Clinical Chemistry Analyzer (AU 680) and
considered abnormal when the levels exceeded 50
U /1 for ALT and 50 U /1 for AST. Furthermore,
liver injury was classified according to the extent of
liver enzyme elevation: mild (1-2 times higher than
the upper limit of normal (ULN)), moderate (> 2—
5 times higher than the ULN), and severe (> 5 times
higher than the ULN) [11, 12]. Risk stratification of
MI patients was assessed using the GRACE (Global
Registry of Acute Coronary Events) 2.0 score [13].

The primary endpoint was in-hospital mortality,
which was obtained from medical records. The
secondary endpoint was 18-month mortality.
Mortality was defined as all-cause death that was
recorded in patient medical records and death
registers. Long-term mortality was evaluated using
structured telephone interviews at 1, 3, 6, 12, 15, and
18 months after discharge. At the study closing date,
all follow-up information was available. The study
complied with the principles of the Declaration
of Helsinki and was approved by the local Ethics
Committee at the Institute of Medicine, RUDN
University. All patients signed an informed consent
to participate in the study.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS Statistics 25.0 software package (SPSS
Inc., Chicago, IL, USA). Categorical variables were
described as frequencies and percentages, while
continuous variables were presented as the median and
the interquartile range (Me (Q,; Q,)). The Chi-square
test or the Fisher’s exact test was used to compare
categorical variables, and the Kruskal — Wallis test
was used for to compare continuous variables between
the groups. The univariate and multivariate logistic
regression models were used to identify risk factors
associated with elevated LTs in AMI patients, as well
as factors associated with in-hospital and 18-month
mortality. Odds ratio (OR) and 95% confidence interval
(CI) were calculated. The differences were considered
statistically significant at two-tailed p < 0.05.

RESULTS

Baseline clinical characteristics

The study included a total of 411 patients, 170
(40.9%) patients were female, 195 (40.9%) patients
presented with ST-elevation. The median age was
65.0 years. The group of patients with elevated ALT
and (or) AST levels differed significantly from the
general sample and the controls by the incidence of
ST-elevation, Killip class II-IV heart failure, higher
creatinine levels, chest pain intensity, lower diastolic
blood pressure, and higher troponin levels. Other that
that, no significant differences between the groups
were noted.

Table 1

Baseline characteristics of MI patients

Parameter Patients, n =416 | Normal AST and ALT values, n =297 | Elevated AST and ALT, n=119 )4
Age, years, Me (Q; Q,) 65 (56; 74) 65 (55; 74) 65 (57;76) 0.595
Women, 1 (%) 170 (40.9) 126 (42.4) 44 (37) 0.322
ST-elevation, n (%) 195 (46.9) 126 (42.4) 69 (58) 0.005
History of cardiovascular diseases

Arterial hypertension, 7 (%) 370 (88.9) 259 (87.2) 111 (93.3) 0.084
CAD, n (%) 177 (42.5) 132 (44.4) 45 (37.8) 0.229
Previous MI, 7 (%) 85 (20.4) 67 (22.6) 18 (15.1) 0.106
Previous myocardial

revascularizyation, n (%) 49 (11.8) 40 (13.5) 9(7.6) 0.096
Previous HF, n (%) 33 (7.9) 20 (6.7) 13 (10.9) 0.163
Diabetes mellitus, n (%) 85 (20.4) 57 (19.2) 28 (23.5) 0.347
Previous stroke, 7 (%) 32 (7.7) 20 (6.7) 12 (10.1) 0.308
Previous atrial fibrillation, n (%) 43 (10.3) 30 (10.1) 13 (10.9) 0.859
CKD, n (%) 32 (7.7) 24 (8.1) 8(6.7) 0.839
PVD, n (%) 12 (2.9) 7(2.4) 5(4.2) 0.336
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Table 1 (continued)

Parameter Patients, n =416 | Normal AST and ALT values, n =297 | Elevated AST and ALT, n=119 D
Chronic lung disease, n (%) 60 (14.4) 40 (13.5) 20 (16.8) 0.440
Peptic and duodenal ulcer, 7 (%) 39 (9.4) 30 (10.1) 9 (7.6) 0.464
Anemia, n (%) 107 (25.7) 72 (24.2) 35(29.4) 0.321
Chest pain, n (%) 380 (91.3) 277 (93.3) 103 (86.6) 0.034
Dyspnea, n (%) 81 (19.5) 56 (18.9) 25 (21) 0.681
Killip class II-1V, n (%) 98 (23.6) 61 (20.5) 37 (31.1) 0.029
Systolic BP, mm Hg., Me (O ; 0,) 138 (120; 160) 140 (120; 160) 130.5 (111.5; 160) 0.063
Diastolic BP, mm Hg., Me (O ; O,) 80 (74; 90) 80 (77; 90) 80 (67.7; 83.2) 0.005
Troponin I, ng / ml, Me (Q; 0,) 0.39 (0.10; 2.88) 0.25(0.09; 1.69) 1.83 (0.30; 7.45) <0.001
Hemoglobin, g /1, Me (0; Q,) 137 (123; 146) 136 (123; 146) 138 (122; 148) 0.734
ALT,U/1,Me (Q; Q) 25 (18; 40) 21 (15;28) 53.3 (36; 87) <0.001
AST,U/1,Me (Q; Q) 29 (23;49.2) 25 (21; 31) 77 (55; 129.9) <0.001
Creatinine, pmol /1, Me (O ; O,) 95 (82; 109) 94 (81.2; 108) 96 (84; 121) 0.029
GFR <60 ml/ min/ 1.73 m? n (%) 160 (39.5) 110 (37.2) 54 (45.4) 0.149
LVEF, %, Me (Q; Q.) 45 (40; 55) 45 (40; 55) 44 (40; 53) 0.288
No lesion (stenosis) < 50% CA, n (%) 55(13.2) 38 (12.8) 17 (14.3) 0.749
Three-vessel CAD, n (%) 203 (48.8) 153 (51.5) 50 (42) 0.084
PCIL, n (%) 328 (78.8) 235 (79.1) 93 (78.2) 0.894
GRACE score, Me (Q; Q,) 117 (97.2; 142.7) 116 (95.5; 140.5) 119 (99; 152) 0.081
Mortality
In-hospital, n (%) 24 (5.8) 11 (3.7) 13 (10.9) 0.009
18-month, n (%) 47 (11.3) 27(9.1) 20 (16.8) 0.038

Note. BP — blood pressure; PVD — peripheral vascular disease; CAD — coronary artery disease; CCI — Charlson comorbidity index; MI —
myocardial infarction; CA — coronary artery; HF — heart failure; LVEF — left ventricular ejection fraction; CKD — chronic kidney disease; PCI —

percutaneous coronary intervention.

Assessing the results of transaminase tests

The increase in LT levels was detected in
119 (28.6%) patients (ALT alone or AST alone
in 17.8 and 25% of cases, respectively). Most of
transaminase alterations were mild elevations (Table
2). In the ST-elevation subgroup, 35.4% (n = 69) of
patients had elevated AST and ALT, 30.8% (n = 60)
of patients had elevated AST, and 19% (n = 37) of
the study population had elevated ALT. In non-ST-
elevation subgroup, 22.6% (n = 50) of patients had
elevated AST and ALT, 18.6% (n = 41) of patients
had elevated AST, and 14% (n = 31) of the study
population had elevated ALT.

Table 2
Transaminase levels in patients upon admission
Parameter ALT,n=416 | AST,n=416
Normal range, n (%) 342 (82.2) 312 (75)
1-2 times higher than ULN, 7 (%) 54 (13) 64 (15.4)
>2-5 times higher than ULN, n (%) 17 (4.1) 28 (6.7)
>5 times higher than ULN, n (%) 3(0.7) 12 (2.9)

Factors associated with abnormal transaminases
at baseline

The univariate analysis showed that abnormal
ALT and (or) AST levels at baseline were associated

130

with higher prevalence of ST-elevation, a higher
Killip class, higher creatinine levels, and higher
systolic and diastolic blood pressure.

Table 3

Univariate logistic regression analysis to assess predictors
of abnormal ALT and (or) abnormal AST in patients
with acute myocardial infarction

Parameter OR 95% CI p
ST-elevation (yes / no) 1.873 1.218-2.881 0.004
Systolic BP (per mm Hg) 0.993 0.986-1.0 0.04
Diastolic BP (per mm Hg) 0.979 0.964-0.994 0.007
Killip class (per class) 1.510 1.142-1.999 0.004
Creatinine (per umol / 1) 1.010 1.003-1.016 0.004

Abnormal liver function and outcome

All-cause mortality rates were 5.8 and 11.3% for
in-hospital and 18-month mortality, respectively.
Elevated ALT and AST levels were three times
more common in the group of in-hospital mortality
compared to patients with normal LT levels (10.9
vs. 3.7%; p = 0.009) and two times more common
in the 18-month mortality group (16.8 vs. 9.1%,
p = 0.038) (Table 1). Table 4 and Table 5 present
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the results of the multivariate logistic regression
analysis, indicating that abnormal LT levels were a
significant and independent predictor of in-hospital
(OR 3.607; 95% CI: 1.199-10.848; p = 0.022) and
long-term mortality (OR 2.182; 95% CI: 1.011-
4.708; p = 0.047). Additionally, factors associated

with increased OR for in-hospital and long-term
mortality included the presence of anemia, three-
vessel coronary artery disease (CAD), and Killip
class > II. It is worth noting that older age was

independently associated only with the long-term
outcome.

Table 4
Multivariate logistic regression analysis of predictors of in-hospital mortality in acute myocardial infarction
Parameter Univariate regression model » Multivariate regression model »
OR (95% CI) OR (95% CI)
Age (per year) 1.098 (1.051-1.147) <0.001 1.030 (0.975-1.088) 0.287
Diabetes mellitus (yes / no) 2.495 (1.052-5.916) 0.038 1.084 (0.349-3.368) 0.889
Atrial fibrillation (yes / no) 3.198 (1.195-8.556) 0.021 2.217 (0.659-7.460) 0.198
Anemia (yes / no) 8.149 (3.277-20.268) <0.001 3.977 (1.313-12.051) 0.015
GFR <60 ml/min/ 1.73 m? (yes / no) 4.722 (1.821-12.246) 0.001 1.439 (1.443-4.677) 0.545
Three-vessel CAD (yes / no) 4.296 (1.573-11.734) 0.004 4.572 (1.346-15.530) 0.015
Killip class >II (yes / no) 45.737 (10.526-198.727) <0.001 26.432 (5.621-124.287) <0.001
Elevated ALT and (or) AST (yes / no) 3.189 (1.386-7.337) 0.006 3.607 (1.199-10.848) 0.022
Note. GFR — glomerular filtration rate.
Table 5
Multivariate logistic regression analysis of predictors of long-term mortality in acute myocardial infarction
Parameter Univariate regression model » Multivariate regression model »
OR (95% CI) OR (95% CI)

Age (per year) 1.102 (1.066-1.139) <0.001 1.060 (1.018-1.104) 0.005
Diabetes mellitus (yes / no) 2.002 (1.028-3.898) 0.041 1.103 (0.488-2.493) 0.814
Atrial fibrillation (yes / no) 2.334 (1.041-5.234) 0.040 1.170 (0.434-3.158) 0.756
Anemia (yes / no) 5.410 (2.871-10.192) <0.001 2.722 (1.291-5.739) 0.009
GFR <60 ml/ min/ 1.73 m? (yes / no) 2.781 (1.488-5.196) 0.001 1.233 (0.549-2.739) 0.611
Three-vessel CAD (yes / no) 3.959 (1.955-8.017) <0.001 3.260 (1.431-7.426) 0.005
Killip class >II (yes / no) 6.295 (3.326-11.915) <0.001 3.397 (1.634-7.062) 0.001
Sex (female) 2.605 (1.395-4.865) 0.003 1.353 (0.592-3.091) 0.474
Previous stroke (yes / no) 4.263 (1.876-9.686) 0.001 2.333 (0.802-6.218) 0.124
Previous MI (yes / no) 2.002 (1.028-3.898) 0.041 1.237 (0.540-2.837) 0.615
Elevated ALT and (or) AST (yes / no) 2.020 (1.084-3.764) 0.027 2.182(1.011-4.708) 0.047

DISCUSSION

The results of this study demonstrate that elevated
LT levels were observed in approximately one-third
of patients with AMI. Furthermore, the presence of
ST-elevation, higher Killip class, lower systolic and
diastolic BP, and elevated creatinine levels exhibited
associations with abnormal LT levels. In addition,
abnormal serum LT levels were independently
associated with a worse clinical prognosis —
increased risks of both in-hospital and long-term all-
cause mortality.

The prevalence of elevated LT levels among AMI
patients is known to vary depending on the defined
cut-off values and the studied population sample. For
instance, using cutoff values recommended by local

guidelines (ALT > 50 U / 1 for men and ALT > 40
U /1 for women; AST > 40 U /1 for men and AST
> 35 U /1 for women), M. Gao et al. found elevated
ALT in 38.9% and elevated AST in 71.9% of 2,417
consecutive ST-elevation MI (STEMI) patients [14].
These values are higher than the ones in our study:
19% for ALT and 30.8% for AST.

Similarly, J. Moon et al. reported the hypoxic
liver injury prevalence of 22% among 456 STEMI
patients undergoing primary PCI [15]. Another
study reported the prevalence of increased LT of
19.5% among 1,176 STEMI patients [16]. Both
studies used serum LT levels twice higher than ULN
as cut-off values (> 80 U /1 for ALT and >80 U /1
for AST). Using hypoxic liver injury criteria, which
define hepatic injury as a sudden, transient ten-fold or

bionneteHb cMbUpcko meanumHbl. 2024; 23 (3): 126-135 131



Hoang T.H., Maiskov V.V., Merai |.A., Kobalava Zh.D.

Prognostic value of elevated transaminase levels as predictors of adverse

greater rise in ULN values in two or more consecutive
samples for lactate dehydrogenase, ALT, and AST
within 48 hours from the acute coronary event, R.
Birrer et al. revealed the prevalence of hepatic injury
of 27% among 87 AMI patients admitted to intensive
care units [17]. Such variations underscore the
importance of standardized diagnostic criteria and
the need to consider patient population heterogeneity
in assessing elevated LT levels in AMI.

In our study, we found that elevated LT levels
were associated with signs of hypoperfusion, such
as hypotension, and signs of kidney dysfunction and
heart failure, including Killip Classification. This
observation is in line with with previous findings [11,
14], which suggest that hepatic cell damage is linked
to reduced perfusion in the centrilobular region of the
liver, where blood flow is less robust due to its more
distant location from the hepatic artery and portal
veins. This reduction in blood flow may stem from
the rapid deterioration of cardiovascular function,
leading to liver ischemia.

Furthermore, the interaction between liver and
heart pathophysiology shares common mechanisms
with cardiorenal syndromes, such as increased
venous congestion and (or) reduced cardiac output,
which can exacerbate kidney function impairment
[18], as demonstrated by the independent association
between increased creatinine levels and elevated
LTs in our study . The results of our study further
support the association between elevated LT levels
and unfavorable short- and long-term prognoses.

Recent studies have shown that the presence of
ST-elevation is associated with elevated serum LT
levels. They have also demonstrated an association
between elevated serum LT levels and adverse
clinical outcomes in patients with AMI [14-16, 19—
21]. J. Li et al. analyzed 712 AMI patients without
known liver disease, revealing the in-hospital
mortality rate of 27% (n = 192). The multivariate
logistic regression analysis identified that ALT >
2 times higher than the ULN was an independent
predictor of in-hospital mortality (OR 2.240, 95% CI
1.331-3.771; p = 0.002), while the AST level did not
exhibit such an association [19].

Similar findings were reported by A. Huseynov et
al., assessing the prognostic value of elevated LTs in
predicting in-hospital major adverse cardiac events
(MACE), defined as a composite endpoint in AMI:
aneed for repeated target vessel revascularization by

PCl,coronary artery bypass grafting among STEMI
patients, and all-cause mortality [20]. The study
revealed the total in-hospital MACE rate of 9.8%,
primarily driven by all-cause mortality (8.4%). In
the logistic regression model, both ALT (OR 1.0018,
95% CI: 1.0008-1.0028, p = 0.0003) and AST (OR
1.0011, 95% CI: 1.0005-1.0018, p = 0.0006) were
independently associated with MACE after adjusting
for age and cardiac enzymes (troponin I and creatine
kinase) [20].

Additionally, M. Gao et al. investigated the
association of serum transaminases with 2-year
mortality in 2,417 STEMI patients and found that
both ALT and AST levels > 95"-percentile value
were associated with an increased risk of adverse
outcomes (OR 1.051, 95% CI: 0.302-3.652) and
(1.796, 95% CI: 0.588-5.481), respectively, after
adjusting for confounding factors [14].

Several potential mechanisms were proposed to
clarify the link between the elevated LT levels and the
increased risk of in-hospital and long-term all-cause
mortality in patients with AMI. The liver, known
for its high metabolic activity and perfusion rates, is
directly affected by acute circulatory changes, such
as hypotension resulting from AMI, which can lead
to increased levels of ALT and AST [11].

Besides, elevated LTs may occur due to hepatic
congestion resulting from acute right ventricular
dysfunction [22]. Current research underscores the
role of factors, such as venous congestion, reduced
oxygen uptake by hepatocytes, and reperfusion
injury, in contributing to this LT elevation [22,
23]. While elevated serum LTs may originate from
ischemic myocardial tissue, their increase often
indicates secondary hypoxic liver injury, particularly
common during AMI.

Furthermore, a recent meta-analysis including
data from over 9.24 million participants and 242,953
cases of all-cause mortality revealed a moderately
significant correlation of AST with all-cause
mortality, along with geographical variations in the
correlation between ALT elevation and a risk of
all-cause mortality in the general population [24].
Interestingly, additional studies have documented
elevation of common markers, including ALT and
AST, in patients with heart failure and cardiovascular
disease, wherein liver injury resulted from ischemia
or congestion [25-28]. These findings further
corroborate the observed association between liver
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LT elevation and increased in-hospital and long-
term mortality in AMI patients.

In addition to the increased LT activity, our study
identified several clinical parameters associated with
increased in-hospital and 18-month mortality rates in
patients with AMI, which is in line with findings of
earlier research [29-35]. It is worth noting that the
presence of anemia, three-vessel CAD, and higher
Killip class upon admission were all found to be
significantly associated with adverse outcomes.

Anemia has long been recognized as a
prognostic factor of poor outcomes in patients
with cardiovascular diseases, including AMIL
Its association with increased mortality rates is
attributed to its role in exacerbating myocardial
ischemia through decreased oxygen delivery to the
myocardium and increased myocardial workload [31,
36, 37]. Similarly, the severity of CAD, particularly
when characterized by three-vessel lesion, has
consistently been linked to higher mortality rates
in patients with AMI. This association is largely
determined by extensive myocardial damage and an
increased risk of adverse cardiac events associated
with severe CA involvement [33, 38].

A higher Killip class at presentation, which
reflects the severity of heart failure, has been
identified as a significant predictor of mortality in
AMI patients in our study. The higher Killip class
was indicative of more extensive myocardial damage
and hemodynamic compromise, leading to poorer
outcomes [32, 39]. Additionally, age served as one of
the mostimportantrisk factors foradverse outcomesin
hospitalized patients with acute coronary syndrome,
including AMI. Advanced age was associated with
age-related physiological changes, comorbidities,
and diminished physiological reserve, all of which
contributed to an increased mortality risk [40]. Taken
together, these findings underscore the multifactorial
nature of mortality risk in patients with AMI and
highlight the importance of comprehensive risk
assessment incorporating clinical and demographic
factors in guiding treatment strategies and improving
patient outcomes.

This study had several potential limitations.
Firstly, it was constrained by its single-center setting
and a relatively small sample size. Secondly, despite
efforts to exclude patients with various liver diseases
based on medical records and risk factors potentially
influencing LT levels, we admit that undiagnosed

liver conditions or medications affecting liver
function may have gone undetected. Additionally,
the presence of AST in organs other than the liver
complicates the interpretation of elevated serum LT
levels, and the exact source of elevated enzymes
cannot be discerned. Furthermore, liver enzyme
levels were assessed only once, upon admission to
the intensive care unit following revascularization,
which presents another limitation.

CONCLUSION

Elevated LT levels upon admission were found
in about one-third of patients presenting with AMI,
which is significantly associated with ST-elevation,
systolic and diastolic blood pressure, Killip class of
HF, and creatinine levels. Our study showed that
high LT levels were associated with an in-hospital
and long-term mortality. These findings may be
used for elaborating future personalized treatment
strategies for AMI patients.
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