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Background: Despite advances in reperfusion and pharmacotherapy, patients 

with acute coronary syndrome (ACS) remain at substantial risk of recurrent 

major adverse cardiovascular events (MACE), and identifying readily 

available bedside predictors can refine risk stratification. The objective is to 

evaluate the clinical, laboratory, electrocardiographic, echocardiographic, and 

angiographic characteristics of patients with ACS and to identify independent 

predictors of MACE during 12 months of follow-up. 

Materials and Methods: In this single-centre, retrospective, observational 

cohort study, 412 consecutive patients admitted with ACS were analysed. 

MACE was defined as a composite of all-cause death, non-fatal myocardial 

infarction, stroke, unplanned revascularisation, and heart-failure 

hospitalisation. Univariable and multivariable logistic regression identified 

independent predictors; Kaplan-Meier analysis and the area under the ROC 

curve assessed the GRACE score. A P value below 0.05 was considered 

significant. 

Results: MACE occurred in 98 patients (23.8%). Independent predictors were 

advancing age (adjusted odds ratio [OR] 1.38 per decade), diabetes mellitus 

(OR 1.92), Killip class greater than one (OR 2.14), LVEF below 40% (OR 

2.46), eGFR below 60 mL/min/1.73m² (OR 1.89), and a GRACE score above 

140 (OR 2.27). The GRACE score discriminated MACE well (area under the 

curve 0.78). 

Conclusion: A small set of routinely recorded variables independently 

predicts 12-month MACE after ACS and can support pragmatic, resource-

efficient risk stratification. 

Keywords: Acute Coronary Syndrome, Myocardial Infarction, Risk Factors, 

Prognosis, Heart Failure. 
 

 

INTRODUCTION 
 

Cardiovascular disease remains the leading cause of 

death worldwide, accounting for nearly a third of all 

global mortality, and ischaemic heart disease 

constitutes its largest single component.[1,2] Acute 

coronary syndrome (ACS) encompasses a clinical 

spectrum that ranges from unstable angina through 

non-ST-elevation myocardial infarction (NSTEMI) 

to ST-elevation myocardial infarction (STEMI), 

unified by the common pathophysiological substrate 

of acute myocardial ischaemia, most often 

precipitated by atherosclerotic plaque rupture or 

erosion with superimposed thrombosis.[3] The 

diagnosis rests on the integration of ischaemic 

symptoms, dynamic electrocardiographic changes, 

and the rise and fall of cardiac troponin, as codified 

in the Fourth Universal Definition of Myocardial 

Infarction.[3] 

Over the past three decades, the widespread 

adoption of early invasive strategies, primary 

percutaneous coronary intervention, potent dual 

antiplatelet therapy, high-intensity statins, and 

neurohormonal blockade has markedly reduced the 
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early case fatality of ACS.[4,5,6] Nevertheless, 

survivors continue to face a considerable residual 

burden of recurrent ischaemic events, heart failure, 

and death in the months and years after the index 

admission.[12,14] The composite of major adverse 

cardiovascular events (MACE) is therefore widely 

used as a pragmatic measure of this residual risk and 

as a primary endpoint in both clinical trials and 

observational cohorts.[6] 

Accurate risk stratification is central to 

contemporary ACS care because it determines the 

appropriate intensity of monitoring, the timing of 

revascularisation, and the aggressiveness of 

secondary prevention.[4,6] Validated multivariable 

instruments such as the Global Registry of Acute 

Coronary Events (GRACE) score and the 

Thrombolysis in Myocardial Infarction (TIMI) risk 

score were developed for this purpose and remain 

the most extensively validated tools in routine 

use.[7,8,9,10] Individual clinical variables also carry 

independent prognostic weight, including advanced 

age, diabetes mellitus, the degree of acute heart 

failure expressed by the Killip classification, left-

ventricular systolic dysfunction, and impaired renal 

function.[11,15,17,18,20,23] 

The burden of ACS is shifting towards low- and 

middle-income regions, where patients often present 

at a younger age, harbour a heavy load of 

modifiable risk factors, and reach hospital after 

longer pre-admission delays, all of which may 

influence the pattern and timing of subsequent 

events.[31] In such settings, constraints on long-term 

follow-up and on the routine availability of 

advanced biomarkers and imaging make it 

especially important to establish which simple, 

routinely captured variables carry the greatest 

prognostic weight. Robust local evidence can inform 

discharge planning, the allocation of scarce 

monitoring and rehabilitation resources, and the 

intensity of secondary-prevention efforts directed at 

those at greatest risk. 

Much of the evidence underpinning these predictors 

derives from large international registries and 

randomised trial populations that may not fully 

reflect the case mix, treatment patterns, and follow-

up realities of individual hospitals. Contemporary, 

locally relevant data that confirm which routinely 

captured variables retain independent prognostic 

value are therefore valuable for tailoring care at the 

point of delivery. Accordingly, the present study 

was undertaken to retrospectively evaluate the 

demographic, clinical, laboratory, 

electrocardiographic, echocardiographic, and 

angiographic characteristics of patients admitted 

with ACS, and to identify the independent 

predictors of MACE during 12 months of follow-up. 

 

MATERIALS AND METHODS 
 

This was a single-centre, retrospective, 

observational cohort study conducted in the 

department of cardiology of a tertiary-care hospital, 

and it was reported in accordance with the STROBE 

statement for observational studies. Consecutive 

adult patients (aged 18 years or older) admitted with 

a confirmed diagnosis of ACS over a defined 

enrolment period were screened for eligibility, and 

the records of those who met the criteria were 

reviewed. 

The diagnosis of ACS, and its classification as 

STEMI, NSTEMI, or unstable angina, was made by 

the attending cardiologists in accordance with the 

Fourth Universal Definition of Myocardial 

Infarction and prevailing professional society 

guidelines.[3,4,5] Patients were included if they had a 

documented ACS diagnosis and complete baseline 

records permitting calculation of the variables of 

interest. Patients were excluded if they had type 2 

myocardial infarction secondary to a non-coronary 

trigger, an ACS occurring as a complication of a 

non-cardiac procedure, malignancy with a life 

expectancy of less than 12 months, or insufficient 

documentation, or if they were lost to follow-up 

before the first scheduled review. 

Data were extracted from admission notes, nursing 

charts, laboratory and imaging systems, and 

discharge summaries using a standardised proforma. 

Recorded variables comprised demographic details; 

cardiovascular risk factors (hypertension, diabetes 

mellitus, dyslipidaemia, and smoking status); 

previous cardiovascular history; clinical 

presentation, including the Killip class on 

admission;[15] admission heart rate, systolic blood 

pressure, and serum creatinine; peak high-sensitivity 

cardiac troponin; haemoglobin; and the 

electrocardiographic category. Left-ventricular 

ejection fraction (LVEF) was measured by 

transthoracic echocardiography using the modified 

Simpson biplane method, and coronary anatomy was 

characterised from invasive angiography, with 

multivessel disease defined as a significant stenosis 

(50% or greater luminal diameter) in two or more 

major epicardial vessels. 

Estimated glomerular filtration rate (eGFR) was 

calculated using the CKD-EPI creatinine equation, 

and a value below 60 mL/min/1.73m² was taken to 

indicate renal impairment.[17] Anaemia was defined 

according to World Health Organization 

haemoglobin thresholds, and diabetes mellitus was 

defined by a prior physician diagnosis, the use of 

glucose-lowering therapy, or qualifying glycaemic 

indices. The GRACE risk score was computed for 

each patient from the standard component variables 

and categorised as low (below 109), intermediate 

(109 to 140), or high (above 140) risk.[7,10] 

The primary outcome was the occurrence of MACE 

within 12 months of the index admission, defined as 

a composite of all-cause death, non-fatal myocardial 

infarction, stroke, unplanned coronary 

revascularisation, and hospitalisation for heart 

failure. For patients with more than one event, only 

the first qualifying event was counted in the 

composite. Follow-up data were obtained from 



 

40 

 International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September 2026 (www.ijmedph.org) 

 

outpatient records, repeat-admission records, and 

structured telephone contact where necessary. 

All laboratory values were taken from the first 

sample obtained after admission, and the peak 

troponin was the highest value recorded during the 

index hospitalisation. Where a variable was missing 

for an individual patient, that patient was excluded 

from the analyses involving the affected variable 

rather than having values imputed. The sample 

comprised all eligible patients presenting during the 

study window, and no formal a priori sample-size 

calculation was performed, because the analysis was 

exploratory and constrained by the number of 

consecutive admissions. Each component of the 

composite outcome was verified against source 

documents, and deaths were classified as cardiac or 

non-cardiac where the cause could be established; 

for the primary analysis the composite used all-

cause mortality to avoid misclassification. 

Statistical analysis was performed using SPSS 

version 25.0 (IBM Corp., Armonk, NY, USA). 

Continuous variables are presented as mean ± 

standard deviation or as median with interquartile 

range according to their distribution, and categorical 

variables as frequencies and percentages. Patients 

who developed MACE were compared with those 

who did not, using the Student t test or the Mann-

Whitney U test for continuous data and the chi-

square or Fisher exact test for categorical data. 

Variables associated with MACE on univariable 

logistic regression at a threshold of P below 0.10, 

together with established prognostic factors, were 

entered into a multivariable logistic regression 

model to identify independent predictors, expressed 

as odds ratios (OR) with 95% confidence intervals 

(CI). Time-to-event data were displayed with 

Kaplan-Meier curves stratified by GRACE category 

and compared with the log-rank test, and the 

discriminatory performance of the GRACE score 

was assessed using the area under the receiver-

operating-characteristic (ROC) curve. A two-sided P 

value below 0.05 was considered statistically 

significant. 

 

RESULTS 

 

A total of 412 patients with ACS were included. The 

mean age of the cohort was 59.8 ± 11.2 years, and 

298 patients (72.3%) were men. STEMI was the 

presenting syndrome in 200 patients (48.5%), with 

NSTEMI and unstable angina accounting for the 

remainder. Diabetes mellitus was present in 164 

patients (39.8%) and hypertension in 258 (62.6%). 

During the 12-month follow-up, MACE occurred in 

98 patients, corresponding to a cumulative incidence 

of 23.8%. 

The composition of the first MACE is shown in 

[Figure 1]. All-cause death was the most frequent 

component (31 events, 31.6% of MACE), followed 

by non-fatal myocardial infarction (24 events), 

heart-failure hospitalisation (18 events), unplanned 

revascularisation (16 events), and stroke (nine 

events). 

Most events clustered in the first half of the follow-

up period, with the majority of deaths and recurrent 

infarctions occurring within the first six months, 

consistent with the well-recognised early hazard 

after an index ACS. When stratified by presentation, 

the crude incidence of MACE was numerically 

higher among patients presenting with STEMI than 

among those with NSTEMI or unstable angina, 

although the multivariable analysis indicated that, 

this difference was largely explained by differences 

in age, left-ventricular function, and haemodynamic 

status at presentation rather than by the 

electrocardiographic category itself. 

Baseline characteristics stratified by MACE status 

are summarised in [Table 1]. Compared with event-

free patients, those who developed MACE were 

significantly older and had a higher prevalence of 

diabetes mellitus, previous myocardial infarction, 

STEMI presentation, Killip class greater than one, 

LVEF below 40%, eGFR below 60 mL/min/1.73m², 

anaemia, and multivessel disease, as well as a higher 

mean GRACE score (all P ≤ 0.016). Sex, 

hypertension, dyslipidaemia, and smoking status did 

not differ significantly between the groups. 

On univariable logistic regression [Table 2], 

advancing age, diabetes mellitus, previous 

myocardial infarction, STEMI presentation, Killip 

class greater than one, LVEF below 40%, eGFR 

below 60 mL/min/1.73m², anaemia, multivessel 

disease, and a GRACE score above 140 were each 

significantly associated with MACE. The strongest 

univariable associations were observed for a 

GRACE score above 140 (OR 3.92, 95% CI 2.40 to 

6.40), LVEF below 40% (OR 3.59, 95% CI 2.22 to 

5.81), and Killip class greater than one (OR 3.49, 

95% CI 2.10 to 5.80). 

In the multivariable model [Table 3 and Figure 3], 

seven variables retained independent prognostic 

significance: advancing age (adjusted OR 1.38 per 

10-year increase), diabetes mellitus (1.92), Killip 

class greater than one (2.14), LVEF below 40% 

(2.46), eGFR below 60 mL/min/1.73m² (1.89), a 

GRACE score above 140 (2.27), and multivessel 

disease (1.71, borderline). Previous myocardial 

infarction, STEMI presentation, and anaemia were 

no longer independently associated with MACE 

after adjustment, suggesting that their univariable 

effects were largely mediated by the other 

covariates. 

Kaplan-Meier analysis demonstrated a clear gradient 

of MACE-free survival across the three GRACE 

risk strata. [Figure 2] At 12 months, MACE-free 

survival was approximately 92% in the low-risk 

group, 78% in the intermediate-risk group, and 58% 

in the high-risk group, with a highly significant 

difference between strata (log-rank P = 0.0005). 

Taken together, the regression models indicate that a 

parsimonious combination of age, a marker of acute 

haemodynamic compromise (Killip class), a 

measure of chronic cardiac reserve (LVEF), a 
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measure of renal function (eGFR), the presence of 

diabetes, and an integrated risk estimate (GRACE) 

captured most of the prognostic information 

available at the bedside. The progressive separation 

of the Kaplan-Meier curves and the moderate-to-

good area under the ROC curve reinforce that these 

readily available variables, rather than any single 

laboratory marker, drive medium-term risk in this 

population. 

The GRACE score showed good discrimination for 

12-month MACE, with an area under the ROC 

curve of 0.78 [Figure 4], supporting its continued 

use as a practical summary measure of baseline risk 

in this population. 

The data underlying [Figures 1, 2, and 4], together 

with all odds ratios, are reported in full within the 

text and in [Tables 1 to 3]. 

 

 
Figure 1: Distribution of the first major adverse 

cardiovascular event among the 98 patients reaching 

the composite endpoint (death 31; myocardial 

infarction 24; heart failure 18; revascularisation 16; 

stroke 9) 

 

Table 1: Baseline characteristics according to MACE status 

Variable MACE (n=98) No MACE (n=314) P value 

Age, years (mean ± SD) 64.8 ± 11.2 58.3 ± 10.6 0.0003 

Male sex 70 (71.4) 228 (72.6) 0.810 

Diabetes mellitus 54 (55.1) 110 (35.0) 0.0006 

Hypertension 68 (69.4) 190 (60.5) 0.110 

Dyslipidaemia 45 (45.9) 132 (42.0) 0.500 

Current smoker 42 (42.9) 138 (43.9) 0.850 

Previous myocardial infarction 26 (26.5) 42 (13.4) 0.003 

STEMI presentation 58 (59.2) 142 (45.2) 0.016 

Killip class greater than one 39 (39.8) 50 (15.9) 0.0002 

LVEF below 40% 44 (44.9) 58 (18.5) 0.0001 

eGFR below 60 mL/min/1.73m² 41 (41.8) 62 (19.7) 0.0004 

Anaemia (WHO criteria) 33 (33.7) 58 (18.5) 0.002 

Multivessel disease 63 (64.3) 128 (40.8) 0.0007 

GRACE score (mean ± SD) 148 ± 32 118 ± 28 0.0001 

 

Values are n (%) unless otherwise stated. SD, 

standard deviation; STEMI, ST-elevation 

myocardial infarction; LVEF, left-ventricular 

ejection fraction; eGFR, estimated glomerular 

filtration rate; GRACE, Global Registry of Acute 

Coronary Events; WHO, World Health 

Organization. 

 

Table 2: Univariable predictors of 12-month MACE 

Variable Unadjusted OR (95% CI) P value 

Age (per 10-year increase) 1.62 (1.32–1.98) 0.0002 

Diabetes mellitus 2.28 (1.43–3.63) 0.0005 

Previous myocardial infarction 2.33 (1.35–4.03) 0.002 

STEMI presentation 1.76 (1.10–2.81) 0.018 

Killip class greater than one 3.49 (2.10–5.80) 0.0001 

LVEF below 40% 3.59 (2.22–5.81) 0.0001 

eGFR below 60 mL/min/1.73m² 2.93 (1.79–4.79) 0.0002 

Anaemia 2.24 (1.35–3.71) 0.002 

Multivessel disease 2.61 (1.62–4.20) 0.0004 

GRACE score above 140 3.92 (2.40–6.40) 0.0001 

 

OR, odds ratio; CI, confidence interval. Abbreviations as in [Table 1]. 

 

Table 3: Independent predictors of MACE on multivariable logistic regression 

Variable Adjusted OR (95% CI) P value 

Age (per 10-year increase) 1.38 (1.09–1.75) 0.008 

Diabetes mellitus 1.92 (1.10–3.35) 0.022 

Killip class greater than one 2.14 (1.18–3.88) 0.012 

LVEF below 40% 2.46 (1.40–4.32) 0.002 

eGFR below 60 mL/min/1.73m² 1.89 (1.06–3.37) 0.031 

GRACE score above 140 2.27 (1.28–4.02) 0.005 

Multivessel disease 1.71 (1.00–2.93) 0.050 

 

Model adjusted for all listed variables. OR, odds ratio; CI, confidence interval. Abbreviations as in [Table 1]. 
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Figure 2: Kaplan-Meier estimates of MACE-free 

survival stratified by GRACE risk category (low, 

intermediate, high); log-rank P = 0.0005. 

 

 
Figure 3: Forest plot of adjusted odds ratios for the 

independent predictors of MACE from the 

multivariable logistic regression model 

 

 
Figure 4: Receiver-operating-characteristic curve of 

the GRACE score for prediction of 12-month MACE 

(area under the curve 0.78) 

 

DISCUSSION 

 

In this retrospective cohort of 412 patients with 

ACS, nearly one in four experienced a major 

adverse cardiovascular event within 12 months, and 

a compact set of routinely available variables — 

advancing age, diabetes mellitus, Killip class greater 

than one, reduced LVEF, renal impairment, and a 

high GRACE score — independently predicted that 

outcome. These findings are concordant with the 

broad body of evidence from large registries and 

trials, and they reinforce the value of integrating 

simple bedside information into prognostic 

assessment.[7,10,12] 

Age emerged as a robust independent predictor, 

with each additional decade increasing the adjusted 

odds of MACE by approximately 38%. This is 

consistent with registry analyses showing that older 

patients with ACS carry a disproportionate burden 

of adverse outcomes, attributable both to greater 

comorbidity and to the more conservative, less 

invasive management they often receive.[11,13] Age is 

also one of the most heavily weighted components 

of the GRACE score, which partly explains the 

strong performance of that instrument in the present 

cohort.[7,10] 

Diabetes mellitus remained independently 

associated with MACE after adjustment, in keeping 

with pooled analyses demonstrating that diabetic 

patients with ACS experience substantially higher 

mortality and reinfarction rates than their non-

diabetic counterparts across the entire syndrome 

spectrum.[18,19] The adverse prognosis reflects 

accelerated and diffuse atherosclerosis, endothelial 

dysfunction, a prothrombotic milieu, and a higher 

prevalence of silent ischaemia and heart failure, and 

it underscores the importance of meticulous 

glycaemic and vascular risk-factor control as part of 

secondary prevention.[31] 

The independent prognostic effect of Killip class 

greater than one echoes the enduring value of this 

simple bedside classification, first described almost 

six decades ago and repeatedly validated in the 

contemporary era.[15,16,20] Clinical evidence of heart 

failure at presentation signals a larger ischaemic 

insult and greater haemodynamic compromise, and 

its prognostic power persists even within modern, 

predominantly invasively managed populations.[20] 

The related finding that an LVEF below 40% more 

than doubled the adjusted odds of MACE is 

similarly well supported, since left-ventricular 

systolic function is among the most powerful 

determinants of survival after myocardial 

infarction.[21,22] 

Renal impairment, defined here as an eGFR below 

60 mL/min/1.73m², was likewise an independent 

predictor. Reduced renal function is consistently 

linked to worse cardiovascular outcomes after 

myocardial infarction, with a graded relationship 

between the severity of dysfunction and the risk of 

death and recurrent ischaemic events.[23,24] The 

mechanisms are multifactorial and include a greater 

atherosclerotic burden, chronic inflammation, 

anaemia, fluid overload, and a tendency for these 

patients to be undertreated with evidence-based 

therapies and revascularisation. 

Multivessel disease retained borderline independent 

significance, mirroring evidence that the extent of 

coronary disease beyond the culprit lesion 

influences prognosis and that complete 

revascularisation can improve outcomes in selected 

patients with myocardial infarction.[26,32] Anaemia 

and previous myocardial infarction, although 
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significant on univariable analysis, lost 

independence after adjustment; this attenuation is 

plausible because their effects overlap substantially 

with age, renal function, and overall disease burden, 

and because anaemia frequently coexists with 

chronic kidney disease.[27] 

A central observation of this study is the strong 

discriminatory performance of the GRACE score, 

with an area under the ROC curve of 0.78 and a 

clear stepwise separation of MACE-free survival 

across risk strata. This aligns with the original 

derivation and validation work and with more than a 

decade of subsequent registry experience confirming 

GRACE as one of the best-calibrated and most 

generalisable risk tools available.[7,8,10,25] Its strength 

lies in combining several of the individually 

significant predictors — age, heart rate, blood 

pressure, renal function, and Killip class — into a 

single continuous estimate, which supports its 

incorporation into routine practice as recommended 

by current guidelines.[4] 

From a clinical perspective, these results endorse a 

pragmatic, layered approach to risk stratification in 

which a small number of variables captured for 

every ACS admission can identify patients who 

warrant closer surveillance, earlier and more 

complete revascularisation, and more intensive 

secondary prevention. Biomarker-based strategies 

incorporating natriuretic peptides and markers of 

inflammation can refine this assessment further, but 

the predictors identified here have the practical 

advantage of being universally and inexpensively 

available.[28,29,30] 

The clustering of events early after the index 

admission underscores that the first months after 

ACS represent a vulnerable period during which 

guideline-directed medical therapy, complete 

revascularisation where appropriate, and structured 

cardiac rehabilitation exert their greatest absolute 

benefit.[4,6] Suboptimal adherence to secondary-

prevention medications and incomplete 

revascularisation are recognised contributors to 

recurrent events, and they are potentially modifiable 

targets in precisely the high-risk subgroups 

identified here. Embedding a brief, structured risk 

assessment into the discharge process could 

therefore help to translate the present associations 

into actionable care. 

The incidence of MACE observed in this cohort, at 

just under one quarter of patients over 12 months, is 

broadly comparable with that reported from other 

hospital-based ACS cohorts, although direct 

comparison is complicated by differences in the 

definition of the composite endpoint, the duration of 

follow-up, the proportion of patients undergoing 

early invasive management, and the underlying risk-

factor profile of the population.[13,14] The 

consistency of the individual predictors with those 

derived from much larger international registries, 

despite these differences, lends external credibility 

to the findings and suggests that the core 

determinants of post-ACS risk are robust across 

diverse settings. 

Although male patients predominated in the cohort, 

as is typical for ACS, sex was not associated with 

MACE, a finding consistent with evidence that, 

once differences in age and comorbidity are 

accounted for, sex by itself is a weak independent 

determinant of medium-term outcome. By contrast, 

the strong effect of age, together with the tendency 

for older and frailer patients to receive less invasive 

treatment, highlights the importance of avoiding 

unjustified therapeutic nihilism in elderly patients, 

who may derive substantial absolute benefit from 

evidence-based therapies and selective 

revascularisation.[11] 

A particular strength of this analysis is its reliance 

on variables that are documented for virtually every 

patient with ACS, which makes the resulting risk 

framework readily transferable to centres without 

access to specialised biomarkers or advanced 

imaging. Future work could examine whether the 

addition of natriuretic peptides, high-sensitivity C-

reactive protein, or measures of infarct size and 

microvascular obstruction improves discrimination 

beyond that achieved by the GRACE score and the 

simple clinical variables described here, and 

whether a locally recalibrated model performs better 

than the original international score.[28,29] 

Several limitations should be acknowledged. The 

retrospective, single-centre design introduces the 

possibility of selection and information bias and 

limits generalisability to other settings and case 

mixes. Residual confounding from unmeasured 

variables cannot be excluded, and some potentially 

informative biomarkers were not uniformly 

available. The composite MACE endpoint, although 

clinically useful, combines outcomes of differing 

severity, and the modest number of events 

constrains the precision of the multivariable 

estimates, as reflected in the borderline confidence 

interval for multivessel disease. Finally, the 12-

month horizon does not capture longer-term risk. 

Prospective, multicentre studies with larger samples, 

longer follow-up, and the incorporation of 

circulating biomarkers and imaging indices would 

help to validate and extend these findings. 

 

CONCLUSION 

 

In patients presenting with acute coronary 

syndrome, major adverse cardiovascular events 

remained common over 12 months despite 

contemporary management. Advancing age, 

diabetes mellitus, Killip class greater than one, a 

left-ventricular ejection fraction below 40%, an 

estimated glomerular filtration rate below 60 

mL/min/1.73m², and a high GRACE score were 

independent predictors of these events, and the 

GRACE score provided good overall discrimination. 

Because all of these variables are routinely recorded 

at the time of admission, they can be combined into 
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a simple, resource-efficient framework to identify 

high-risk patients who stand to benefit most from 

intensified monitoring, timely revascularisation, and 

aggressive secondary prevention. Larger prospective 

studies are warranted to confirm these associations 

and to refine risk prediction further. 

Acknowledgements 

The authors thank the staff of the department of 

cardiology and the medical records department for 

their assistance with data retrieval. 

 

REFERENCES 
 
1. Roth GA, Mensah GA, Johnson CO, et al. Global burden of 

cardiovascular diseases and risk factors, 1990-2019: update 
from the GBD 2019 study. J Am Coll Cardiol. 

2020;76(25):2982-3021. 

2. Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and 

stroke statistics-2021 update: a report from the American 

Heart Association. Circulation. 2021;143(8):e254-743. 

3. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal 
definition of myocardial infarction (2018). Circulation. 

2018;138(20):e618-51. 

4. Collet JP, Thiele H, Barbato E, et al. 2020 ESC guidelines 
for the management of acute coronary syndromes in patients 

presenting without persistent ST-segment elevation. Eur 

Heart J. 2021;42(14):1289-367. 
5. Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for 

the management of acute myocardial infarction in patients 

presenting with ST-segment elevation. Eur Heart J. 
2018;39(2):119-77. 

6. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 

AHA/ACC guideline for the management of patients with 
non-ST-elevation acute coronary syndromes. Circulation. 

2014;130(25):e344-426. 

7. Granger CB, Goldberg RJ, Dabbous O, et al. Predictors of 

hospital mortality in the Global Registry of Acute Coronary 

Events. Arch Intern Med. 2003;163(19):2345-53. 

8. Fox KA, Dabbous OH, Goldberg RJ, et al. Prediction of risk 
of death and myocardial infarction in the six months after 

presentation with acute coronary syndrome: prospective 

multinational observational study (GRACE). BMJ. 
2006;333(7578):1091. 

9. Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk 

score for unstable angina/non-ST elevation MI: a method for 
prognostication and therapeutic decision making. JAMA. 

2000;284(7):835-42. 
10. Eagle KA, Lim MJ, Dabbous OH, et al. A validated 

prediction model for all forms of acute coronary syndrome: 

estimating the risk of 6-month postdischarge death in an 
international registry. JAMA. 2004;291(22):2727-33. 

11. Avezum A, Makdisse M, Spencer F, et al. Impact of age on 

management and outcome of acute coronary syndrome: 
observations from the Global Registry of Acute Coronary 

Events (GRACE). Am Heart J. 2005;149(1):67-73. 

12. Anderson JL, Morrow DA. Acute myocardial infarction. N 
Engl J Med. 2017;376(21):2053-64. 

13. Steg PG, Goldberg RJ, Gore JM, et al. Baseline 

characteristics, management practices, and in-hospital 
outcomes of patients hospitalized with acute coronary 

syndromes in the Global Registry of Acute Coronary Events 

(GRACE). Am J Cardiol. 2002;90(4):358-63. 
14. Mandelzweig L, Battler A, Boyko V, et al. The second Euro 

Heart Survey on acute coronary syndromes: characteristics, 

treatment, and outcome of patients with ACS in Europe and 

the Mediterranean Basin in 2004. Eur Heart J. 

2006;27(19):2285-93. 

15. Killip T 3rd, Kimball JT. Treatment of myocardial infarction 

in a coronary care unit: a two year experience with 250 

patients. Am J Cardiol. 1967;20(4):457-64. 
16. El-Menyar A, Zubaid M, AlMahmeed W, et al. Killip 

classification in patients with acute coronary syndrome: 

insight from a multicenter registry. Am J Emerg Med. 
2012;30(1):97-103. 

17. Levey AS, Stevens LA, Schmid CH, et al. A new equation to 

estimate glomerular filtration rate. Ann Intern Med. 
2009;150(9):604-12. 

18. Donahoe SM, Stewart GC, McCabe CH, et al. Diabetes and 

mortality following acute coronary syndromes. JAMA. 
2007;298(7):765-75. 

19. Franklin K, Goldberg RJ, Spencer F, et al. Implications of 

diabetes in patients with acute coronary syndromes: the 
Global Registry of Acute Coronary Events. Arch Intern Med. 

2004;164(13):1457-63. 

20. Khot UN, Jia G, Moliterno DJ, et al. Prognostic importance 
of physical examination for heart failure in non-ST-elevation 

acute coronary syndromes: the enduring value of Killip 

classification. JAMA. 2003;290(16):2174-81. 
21. Burns RJ, Gibbons RJ, Yi Q, et al. The relationships of left 

ventricular ejection fraction, end-systolic volume index and 

infarct size to six-month mortality after hospital discharge 
following myocardial infarction treated by thrombolysis. J 

Am Coll Cardiol. 2002;39(1):30-6. 

22. Ng VG, Lansky AJ, Meller S, et al. The prognostic 
importance of left ventricular function in patients with ST-

segment elevation myocardial infarction: the HORIZONS-

AMI trial. Eur Heart J Acute Cardiovasc Care. 2014;3(1):67-
77. 

23. Anavekar NS, McMurray JJ, Velazquez EJ, et al. Relation 

between renal dysfunction and cardiovascular outcomes after 
myocardial infarction. N Engl J Med. 2004;351(13):1285-95. 

24. Gibson CM, Pinto DS, Murphy SA, et al. Association of 

creatinine and creatinine clearance on presentation in acute 
myocardial infarction with subsequent mortality. J Am Coll 

Cardiol. 2003;42(9):1535-43. 

25. Fox KA, Eagle KA, Gore JM, Steg PG, Anderson FA. The 
Global Registry of Acute Coronary Events, 1999 to 2009-

GRACE. Heart. 2010;96(14):1095-101. 

26. Park DW, Clare RM, Schulte PJ, et al. Extent, location, and 
clinical significance of non-infarct-related coronary artery 

disease among patients with ST-elevation myocardial 

infarction. JAMA. 2014;312(19):2019-27. 
27. Sabatine MS, Morrow DA, Giugliano RP, et al. Association 

of hemoglobin levels with clinical outcomes in acute 

coronary syndromes. Circulation. 2005;111(16):2042-9. 
28. de Lemos JA, Morrow DA, Bentley JH, et al. The prognostic 

value of B-type natriuretic peptide in patients with acute 
coronary syndromes. N Engl J Med. 2001;345(14):1014-21. 

29. Sabatine MS, Morrow DA, de Lemos JA, et al. Multimarker 

approach to risk stratification in non-ST elevation acute 
coronary syndromes. Circulation. 2002;105(15):1760-3. 

30. Morrow DA, Antman EM, Charlesworth A, et al. TIMI risk 

score for ST-elevation myocardial infarction: a convenient, 
bedside, clinical score for risk assessment at presentation. 

Circulation. 2000;102(17):2031-7. 

31. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially 
modifiable risk factors associated with myocardial infarction 

in 52 countries (the INTERHEART study): case-control 

study. Lancet. 2004;364(9438):937-52. 
32. Mehta SR, Wood DA, Storey RF, et al. Complete 

revascularization with multivessel PCI for myocardial 

infarction. N Engl J Med. 2019;381(15):1411-21. 

 


