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Abstract

Background/Objectives: Early risk stratification remains challenging in patients with
non-ST-segment elevation myocardial infarction (NSTEMI). The present study evaluated
the prognostic value of 24 h high-sensitivity cardiac troponin I (hs-Troponin I) and as-
sessed whether combining biomarkers and echocardiographic parameters improves short-
term risk prediction. Methods: This prospective observational cohort study included
170 consecutive adult patients with confirmed NSTEMI who were admitted to a Medical
Intensive Care Unit and prospectively enrolled between February 2022 and January 2023.
Clinical, routine biochemical, inflammatory, hematological, lipid, and echocardiographic
data were collected during index hospitalization. High-sensitivity cardiac troponin I was
measured at admission and again 24 h after hospitalization, with the 24 h value used as the
principal marker of myocardial injury in the prediction analyses. The primary endpoint was
major adverse cardiovascular events (MACEs), defined as cardiovascular death, recurrent
myocardial infarction, ischemic stroke, urgent coronary revascularization, or hospitalization
for worsening heart failure, within 3 months. Multivariable logistic regression, Cox regres-
sion, sequential prediction modeling, and internal bootstrap validation were performed.
Results: MACEs occurred in 88 patients (51.8%). Twenty-four-hour hs-Troponin I, but not
admission hs-Troponin I, was independently associated with MACEs (OR 1.57, 95% CI
1.09–2.26; p = 0.015) and a shorter time to the first MACE event (HR 1.38, 95% CI 1.07–1.78;
p = 0.012). Lower left ventricular ejection fraction (LVEF) was also independently asso-
ciated with adverse outcomes. The addition of 24 h hs-Troponin I, LVEF, and C-reactive
protein improved discrimination from an AUC of 0.665 to 0.759 (optimism-corrected AUC,
0.717), with corresponding improvements in reclassification. A simplified multimarker
score was independently associated with event-free survival (HR 2.36, 95% CI 1.53–3.64;
p < 0.001). Conclusions: In patients admitted to a medical intensive care unit with NSTEMI,
the integration of 24 h hs-Troponin I, LVEF, and C-reactive protein improved short-term
risk prediction beyond that of clinical variables alone. A practical multimarker model
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based on routinely available parameters identified patients at increased risk of adverse
cardiovascular outcomes during early follow-up.

Keywords: non-ST-segment elevation myocardial infarction; high-sensitivity cardiac troponin
I; C-reactive protein; left ventricular ejection fraction; major adverse cardiovascular events;
risk stratification; prediction model

1. Introduction
Non-ST-segment elevation myocardial infarction (NSTEMI) is the most common pre-

sentation of acute coronary syndrome and remains associated with a substantial risk of
recurrent cardiovascular events despite contemporary treatment strategies [1]. Patients
admitted to medical intensive care units with NSTEMI represent a particularly vulnerable
population because they require continuous monitoring and timely therapeutic interven-
tions, while clinical deterioration may occur despite initially stable presentation [2]. Early
identification of patients at increased risk of adverse outcomes is therefore a key com-
ponent of management, influencing monitoring strategies, clinical decision-making, and
post-discharge follow-up [3]. However, outcomes vary considerably among patients with
apparently similar clinical characteristics, highlighting the need for improved risk stratifi-
cation [4].

Cardiac troponins are central to the diagnosis of myocardial infarction and are widely
used for prognostic assessment [5]. Higher troponin concentrations generally reflect greater
myocardial injury and have been associated with adverse cardiovascular outcomes [6]. Nev-
ertheless, prognosis after NSTEMI is influenced by several interrelated pathophysiological
mechanisms. Inflammatory activation contributes to plaque instability, recurrent ischemic
events, and adverse ventricular remodeling, while left ventricular systolic dysfunction
reflects the functional consequences of myocardial injury and remains one of the strongest
predictors of adverse cardiovascular outcomes [7]. In critically monitored patients, serial
biomarker assessment may provide a more accurate estimate of myocardial injury burden
than measurements obtained at presentation alone, which are influenced by variability in
symptom onset and timing of hospital admission [8].

Although biomarkers reflecting myocardial injury, inflammation, and ventricular dys-
function have demonstrated prognostic value, their performance is often modest when
evaluated individually [9]. Consequently, increasing attention has been directed toward
multimarker approaches that integrate complementary information from different biologi-
cal domains in order to improve risk prediction and identify patients at greatest risk of early
clinical deterioration [10]. Despite advances in risk stratification, data regarding practical
multimarker strategies based on routinely available clinical variables remain limited among
patients requiring intensive care unit admission [11].

The aim of the present study was to evaluate the prognostic significance of 24 h high-
sensitivity cardiac troponin I (hs-Troponin I) concentrations and to determine whether the
integration of routinely available biomarkers and echocardiographic parameters reflecting
myocardial injury, ventricular function, inflammation, and metabolic status improves the
prediction of major adverse cardiovascular events (MACEs) during short-term follow-up
after NSTEMI, as well as to develop a simplified multidomain risk score suitable for routine
clinical practice. In addition, we sought to develop a practical, multimarker prediction
model based on routinely available clinical, laboratory, and echocardiographic variables to
facilitate early identification of high-risk patients admitted to a medical intensive care unit.
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2. Materials and Methods
2.1. Study Design and Population

This study represents a secondary analysis of data derived from a previously con-
ducted prospective observational cohort study performed in the Medical Intensive Care
Unit of the Clinic for Internal Medicine at the University Clinical Center Tuzla, Bosnia and
Herzegovina, a tertiary referral center providing advanced care for critically ill patients
with acute cardiovascular and other internal medicine conditions. The original prospective
cohort was conducted between February 2022 and January 2023. The Medical Intensive
Care Unit is a multidisciplinary tertiary-care unit providing continuous monitoring and
advanced management for patients with acute cardiovascular, respiratory, renal, endocrine,
and other life-threatening internal medicine disorders.

Consecutive patients aged ≥18 years with confirmed NSTEMI were prospectively
enrolled between February 2022 and January 2023. Patients younger than 18 years, those
without a confirmed diagnosis of NSTEMI, and those not admitted to the Medical Intensive
Care Unit were not considered eligible for study enrollment. Exclusion criteria included
active malignancy, autoimmune or systemic inflammatory disease, acute infection requiring
systemic antimicrobial therapy, advanced chronic liver disease, end-stage renal disease
requiring dialysis, major surgery or trauma within four weeks before admission, and
incomplete clinical, laboratory, echocardiographic, or follow-up data.

NSTEMI was diagnosed according to contemporary international criteria based on
symptoms or objective evidence of myocardial ischemia, elevated cardiac troponin con-
centrations above the 99th percentile upper reference limit, and the absence of persistent
ST-segment elevation on electrocardiography (ECG). The study population comprised
consecutive adult patients presenting with NSTEMI who required admission to the Medical
Intensive Care Unit for specialized management. A total of 170 patients fulfilled the study
criteria and were included in the final analysis.

2.2. Clinical, Laboratory, and Echocardiographic Assessment

Demographic characteristics, cardiovascular risk factors, medical history, and treat-
ment data were obtained from hospital records and standardized clinical documentation.
Arterial hypertension (HTN) was defined as a previous diagnosis of hypertension or on-
going antihypertensive therapy, while diabetes mellitus (DM) was defined as a previous
diagnosis or active glucose-lowering treatment. Smoking status was categorized as active
smoking or non-smoking at admission. Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared.

Venous blood samples were obtained at admission and at 24 h after hospitalization in
accordance with institutional protocols. Hs-Troponin I concentrations were measured using
the ARCHITECT i2000SR immunoassay analyzer (Abbott Diagnostics, Abbott Park, IL,
USA). Routine biochemical analyses were performed using the AU5800 Clinical Chemistry
Analyzer (Beckman Coulter, Brea, CA, USA). Routine laboratory analyses included glucose,
creatinine, C-reactive protein (CRP), ferritin, lipid parameters, and complete blood count.
The 24 h hs-Troponin I concentration was selected as the principal marker of myocardial
injury burden. The 24 h measurement was selected a priori because it was considered
more representative of cumulative myocardial injury than admission concentrations, which
may be influenced by variability in symptom onset and presentation timing. Inflammatory
status was assessed using CRP and ferritin concentrations measured 24 h after admission.

The triglyceride–glucose (TyG) index, triglyceride-to-high-density lipoprotein choles-
terol ratio (TG/HDL-C), and atherogenic index of plasma (AIP) were calculated using
standard formulas and evaluated as markers of metabolic dysfunction.
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Transthoracic echocardiography (TTE) was performed immediately after hospital admis-
sion as part of the initial evaluation, typically within the first 30 min of presentation, using a
Vivid T8 ultrasound system (GE HealthCare, Chicago, IL, USA). LVEF was assessed using the
biplane Simpson method in accordance with contemporary echocardiographic recommenda-
tions. All echocardiographic examinations were performed by a single experienced operator;
therefore, interobserver variability was not assessed. Additional measurements included left
atrial diameter, interventricular septal thickness, and inferior vena cava diameter. All patients
received guideline-directed treatment for NSTEMI in accordance with the contemporary Euro-
pean Society of Cardiology (ESC) guidelines for acute coronary syndromes without persistent
ST-segment elevation, in addition to institutional protocols.

2.3. Outcome Definition and Follow-Up

Patients were followed for three months after index hospitalization. Follow-up infor-
mation was obtained from hospital records, outpatient evaluations, and telephone contact
when necessary.

The primary outcome was MACEs, defined as a composite of cardiovascular death,
recurrent myocardial infarction, ischemic stroke, urgent coronary revascularization, or
hospitalization for worsening heart failure. For time-to-event analyses, the interval between
hospital admission and the first occurrence of any component of the composite endpoint
was recorded. For patients experiencing more than one event during follow-up, only the
first event was considered in time-to-event analyses.

2.4. Development of Prediction Models

To evaluate the incremental prognostic contribution of different pathophysiological
domains, a series of sequential prediction models was constructed. The baseline clinical
model included age, sex, HTN, DM, and active smoking status. Candidate variables were
selected a priori based on clinical relevance and previously established associations with
cardiovascular outcomes. Subsequent models incorporated 24 h hs-Troponin I, LVEF, and
CRP sequentially. The variables included in the simplified four-component risk score were
selected because they represented complementary pathophysiological domains (clinical
risk, myocardial injury, ventricular dysfunction, and inflammation), demonstrated the
strongest overall incremental prognostic contribution during sequential model develop-
ment, and are routinely available in everyday clinical practice.

Model performance was evaluated using discrimination and reclassification metrics.
In addition, a simplified multimarker risk score was developed using variables with
the strongest overall prognostic contribution. Cut-off values for each component were
determined by receiver operating characteristic analysis using the Youden index. One point
was assigned to each variable exceeding its corresponding ROC-derived threshold, and
the numerical cut-off values are presented in the Section 3. Patients were subsequently
categorized into low-, intermediate-, and high-risk groups.

2.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics software, version 26.0
(IBM Corp., Armonk, NY, USA). The distribution of continuous variables was assessed be-
fore statistical analyses. Variables with non-normal distributions are presented as medians
with interquartile ranges (IQRs), whereas categorical variables are presented as counts and
percentages. Continuous variables were compared using the Mann–Whitney U test and
categorical variables using the chi-square test or Fisher’s exact test, as appropriate.

Receiver operating characteristic (ROC) analysis was used to evaluate the discrimi-
native performance of individual biomarkers and prediction models, with optimal cut-off
values determined using the Youden index.
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Candidate variables for multivariable analyses were selected a priori based on their
established clinical relevance, biological plausibility, and previously reported associations
with adverse cardiovascular outcomes in patients with NSTEMI. Independent predictors
of MACEs were identified using multivariable logistic regression analysis and reported
as odds ratios (ORs) with 95% confidence intervals (CIs). Time-to-event analyses were
performed using Kaplan–Meier curves, log-rank testing, and Cox proportional hazards
regression, with results reported as hazard ratios (HRs) and corresponding 95% confidence
intervals. Variables with markedly skewed distributions were logarithmically transformed
before regression analyses when appropriate.

Incremental model performance was assessed using changes in the area under the
receiver operating characteristic curve (AUC), integrated discrimination improvement (IDI),
continuous net reclassification improvement (NRI), bootstrap internal validation, and Brier
score. Internal validation was performed using bootstrap resampling with 1000 iterations.
Bootstrap resampling was used to assess model stability and reduce the risk of overfitting.
Decision curve analysis was performed to evaluate the potential clinical utility of the
prediction models. All statistical tests were two-sided, and exact p-values are reported
where applicable. Multicollinearity among variables included in the final multivariable
model was assessed using variance inflation factors (VIF).

2.6. Ethical Considerations

The study protocol was approved by the Ethics Committee of the University Clinical
Center Tuzla (Approval No. 02-09/2-97/21) and was conducted in accordance with the
principles of the Declaration of Helsinki. The present study represents a secondary analysis
of data collected within the approved research project. Therefore, additional patient consent
was not required because the study used routinely collected clinical data and involved no
additional interventions or procedures.

3. Results
3.1. Study Population and Baseline Characteristics

A total of 170 patients with NSTEMI were included in the final analysis. Complete clin-
ical, laboratory, echocardiographic, and follow-up data were available for all participants.
During the 3-month follow-up period, MACEs occurred in 88 patients (51.8%), whereas
82 patients (48.2%) remained event-free.

Patients who developed MACEs had a higher prevalence of arterial hypertension,
lower left ventricular ejection fraction, and higher 24 h hs-Troponin I and CRP concentra-
tions, whereas active smoking was less common in this group (Table 1).

Table 1. Baseline clinical, laboratory, metabolic, and echocardiographic characteristics of patients
according to 3-month MACE status.

Variable Total (N = 170) MACEs (n = 88) No MACEs (n = 82) p-Value

Demographic and clinical characteristics

Age, years, median (IQR) 68 (60–75) 68 (60–76) 67 (60–74) 0.780

Male sex, n (%) 103 (60.6) 52 (59.1) 51 (62.2) 0.680

Arterial hypertension, n (%) 149 (87.6) 82 (93.2) 67 (81.7) 0.041

Diabetes mellitus, n (%) 71 (41.8) 38 (43.2) 33 (40.2) 0.700

Active smoking, n (%) 85 (50.0) 37 (42.0) 48 (58.5) 0.046

Body mass index, kg/m2, median (IQR) 30.10 (27.46–32.05) 30.30 (27.80–32.20) 29.90 (27.30–31.90) 0.550
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Table 1. Cont.

Variable Total (N = 170) MACEs (n = 88) No MACEs (n = 82) p-Value

Markers of myocardial injury and inflammation

hs-Troponin I at admission, pg/mL,
median (IQR)

1939.5
(401.4–11,568.0)

2140.0
(476.7–12,382.3)

1521.2
(350.0–8985.3) 0.598

hs-Troponin I at 24 h, pg/mL,
median (IQR)

6770.8
(990.0–18,693.8)

10,211.3
(1999.4–23,859.0)

3004.1
(624.2–14,176.6) 0.008

CRP at 24 h, mg/L, median (IQR) 23.4 (5.9–55.8) 31.8 (6.5–70.4) 12.2 (4.9–34.4) 0.022

Ferritin at 24 h, µg/L, median (IQR) 155.8 (57.7–324.3) 165.8 (68.8–334.4) 155.1 (54.3–310.8) 0.407

Metabolic marker

TyG index, median (IQR) 9.31 (8.89–9.95) 9.39 (8.97–10.01) 9.23 (8.82–9.89) 0.248

Echocardiographic parameters

LVEF, %, median (IQR) 49.0 (43.3–52.0) 48.5 (41.0–51.0) 50.0 (45.3–53.8) 0.032

Left atrial diameter, mm, median (IQR) 41.0 (38.0–44.0) 41.0 (38.0–44.0) 40.0 (37.0–43.0) 0.287

Interventricular septal thickness, mm,
median (IQR) 12.0 (11.0–13.0) 12.0 (11.0–13.0) 12.0 (11.0–13.0) 0.551

Inferior vena cava diameter, mm,
median (IQR) 18.0 (16.0–21.0) 19.0 (16.0–21.0) 18.0 (16.0–20.0) 0.416

Data are presented as median (IQR) or n (%). Abbreviations: CRP, C-reactive protein; hs-Troponin I, high-
sensitivity cardiac troponin I; IQR, interquartile range; LVEF, left ventricular ejection fraction; MACEs, major
adverse cardiovascular events; TyG, triglyceride–glucose index.

3.2. Components of Major Adverse Cardiovascular Events

Among patients who experienced MACEs, hospitalization for worsening heart failure
and cardiovascular death were the predominant adverse events, accounting for more than
half of all events (Table 2).

Table 2. Components of major adverse cardiovascular events (MACEs) during the 3-month follow-up.

Component of MACEs n (%) of Total Cohort % of All MACEs

Cardiovascular death 25 (14.7%) 28.4%
Hospitalization for worsening heart failure 29 (17.1%) 33.0%

Recurrent myocardial infarction 18 (10.6%) 20.5%
Urgent coronary revascularization 11 (6.5%) 12.5%

Ischemic stroke 5 (2.9%) 5.7%
Total MACEs 88 (51.8%) 100.0%

Abbreviations: MACEs, major adverse cardiovascular events.

3.3. Biomarker Performance and Independent Predictors of MACEs

Admission hs-Troponin I concentrations did not differ significantly between groups.
In contrast, patients who developed MACEs had higher 24 h hs-Troponin I and CRP
concentrations and lower LVEF, whereas ferritin and metabolic indices were not associated
with outcome (Table 1).

Among individual biomarkers, 24 h hs-Troponin I demonstrated the highest, but
overall modest, discriminative performance (AUC 0.618, 95% CI 0.531–0.702), followed by
CRP (AUC 0.602) and LVEF (AUC 0.595). Ferritin, TyG index, TG/HDL-C ratio, and AIP
demonstrated limited discriminative performance (Table 3).

Multivariable analyses identified 24 h hs-Troponin I as the most consistent predictor
across logistic and Cox regression models. Higher 24 h hs-Troponin I concentrations were
independently associated with both MACE occurrence and earlier event development.
HTN was associated with increased risk, whereas age and active smoking demonstrated

https://doi.org/10.3390/clinpract16080143

https://doi.org/10.3390/clinpract16080143


Clin. Pract. 2026, 16, 143 7 of 15

inverse associations. LVEF remained independently associated with MACEs in logistic
regression but not in time-to-event analyses. CRP showed borderline significance in logistic
regression and was not independently associated with time-to-event outcomes (Table 4).

Table 3. Prognostic performance of candidate biomarkers for prediction of 3-month major adverse
cardiovascular events (MACEs).

Variable AUC 95% CI Optimal Cut-Off *

hs-Troponin I at admission 0.524 0.437–0.611 1885 pg/mL
hs-Troponin I at 24 h 0.618 0.532–0.697 1557 pg/mL

CRP at 24 h 0.602 0.516–0.686 30.2 mg/L
LVEF 0.595 0.513–0.679 52%

Ferritin at 24 h 0.537 0.449–0.624 164 µg/L
TyG index 0.551 0.463–0.637 9.17

TG/HDL-C ratio 0.544 0.456–0.631 1.48
Atherogenic index of plasma (AIP) 0.544 0.456–0.631 0.15

* Optimal cut-off values were determined using the Youden index. Abbreviations: AIP, atherogenic index of
plasma; AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; HDL-C, high-density
lipoprotein cholesterol; LVEF, left ventricular ejection fraction; TyG, triglyceride–glucose index.

Table 4. Independent predictors of 3-month major adverse cardiovascular events in multivariable
logistic and Cox regression analyses.

Variable OR (95% CI) p-Value HR (95% CI) p-Value

Age, per SD increase 0.63 (0.43–0.92) 0.017 0.74 (0.57–0.94) 0.015
Arterial hypertension 3.32 (1.13–9.75) 0.029 2.38 (1.01–5.60) 0.046

Active smoking 0.32 (0.14–0.72) 0.006 0.49 (0.30–0.82) 0.006
hs-Troponin I at 24 h * 1.57 (1.09–2.26) 0.015 1.38 (1.07–1.78) 0.012

LVEF 0.70 (0.50–0.99) 0.046 0.88 (0.71–1.08) 0.214
CRP at 24 h * 1.36 (0.95–1.97) 0.096 1.15 (0.92–1.43) 0.223

* Log-transformed before analysis. Abbreviations: CI, confidence interval; CRP, C-reactive protein; HR, hazard
ratio; LVEF, left ventricular ejection fraction; OR, odds ratio; SD, standard deviation.

3.4. Development and Validation of the Multidomain Prediction Model

The baseline clinical model demonstrated modest discrimination (AUC 0.665). The
baseline clinical model included age, sex, arterial hypertension, diabetes mellitus, and
active smoking. The final multidomain prediction model additionally incorporated 24 h
hs-Troponin I, LVEF, and CRP (Table 5). The addition of 24 h hs-Troponin I increased the
AUC to 0.730, the incorporation of LVEF increased it to 0.745, and the addition of CRP
further improved discrimination to 0.759. At the optimal predicted probability cutoff of
0.527, the final multidomain model demonstrated a sensitivity of 72.7% and a specificity of
78.0%. The extended model, including ferritin and TyG index, achieved an AUC of 0.762
(Table 6, Figure 1). No evidence of multicollinearity was observed among the variables
included in the final multidomain prediction model, with all variance inflation factors
being below 1.4.

Bootstrap validation yielded an optimism-corrected AUC of 0.717 for the final mul-
tidomain model. The final multidomain model improved apparent AUC from 0.665 to
0.759 and optimism-corrected AUC from 0.623 to 0.717 compared with the clinical model.
Predictive accuracy also improved, as reflected by a lower Brier score (0.201 vs. 0.229). The
final model achieved an IDI of 0.106 and a continuous NRI of 0.586 (Table 7).

Decision curve analysis demonstrated greater net benefit for the multidomain model
than for the clinical model (Figure 2).
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Table 5. Multivariable logistic regression coefficients of the final multidomain prediction model for
3-month major adverse cardiovascular events.

Variable OR (95% CI) p-Value

Age, per SD increase 0.63 (0.43–0.92) 0.016
Male sex 1.15 (0.51–2.60) 0.729

Arterial hypertension 3.34 (1.13–9.80) 0.029
Diabetes mellitus 0.57 (0.28–1.14) 0.112
Active smoking 0.32 (0.14–0.72) 0.006

hs-Troponin I at 24 h * 1.56 (1.08–2.24) 0.017
LVEF 0.70 (0.50–1.00) 0.047

CRP at 24 h * 1.39 (0.96–2.01) 0.081
* Log-transformed before analysis. Abbreviations: CI, confidence interval; CRP, C-reactive protein; LVEF, left
ventricular ejection fraction; OR, odds ratio; SD, standard deviation.

Table 6. Performance of sequential multidomain prediction models for the prediction of 3-month
major adverse cardiovascular events.

Variables Included AUC (95% CI)

Clinical variables † 0.665 (0.582–0.739)

Clinical variables + hs-Troponin I at 24 h 0.730 (0.654–0.801)

Clinical variables + hs-Troponin I at 24 h + LVEF 0.745 (0.670–0.814)

Clinical variables + hs-Troponin I at 24 h + LVEF + CRP (final model) 0.759 (0.685–0.826)

Final model + ferritin + TyG index 0.762 (0.689–0.829)
† Clinical variables included age, sex, arterial hypertension, diabetes mellitus, and active smoking. Abbreviations:
AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; LVEF, left ventricular ejection fraction;
TyG, triglyceride–glucose index.

Figure 1. Receiver operating characteristic curves for sequential prediction models for 3-month major
adverse cardiovascular events. Error bars represent 95% confidence intervals for the area under the
curve (AUC).
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Table 7. Internal validation, calibration, and reclassification performance of the final multidomain
prediction model for the prediction of 3-month major adverse cardiovascular events (MACEs).

Metric Clinical Model Final Multidomain Model

Apparent AUC 0.665 0.759
Optimism-corrected AUC 0.623 0.717

Optimism 0.042 0.042
Brier score 0.229 0.201

Hosmer–Lemeshow p-value 0.280 0.410
Calibration slope 1.000 0.930

Calibration intercept 0.000 −0.040
IDI 0.000 0.106

Continuous NRI 0.000 0.586
Bootstrap internal validation was performed using 1000 resamples. Abbreviations: AUC, area under the curve;
IDI, integrated discrimination improvement; NRI, net reclassification improvement.

Figure 2. Decision curve analysis comparing the clinical and multidomain prediction models for
predicting 3-month major adverse cardiovascular events. The multidomain model provided greater
net benefit than the clinical model across a broad range of clinically relevant risk thresholds.

3.5. Time-to-Event Analysis and Multimarker Risk Score

Among patients who experienced MACEs, the median time to first adverse event
was 11 days (IQR 6.0–27.8). Kaplan–Meier analysis demonstrated significantly lower
event-free survival among patients with 24 h hs-Troponin I concentrations ≥1557 pg/mL
(log-rank p = 0.0031) (Figure 3A). A simplified four-component risk score was developed to
facilitate bedside risk stratification. One point was assigned to each predictor exceeding
the predefined ROC-derived cut-off value determined using the Youden index. Patients
were subsequently classified into low- (0–1 points), intermediate- (2 points), and high-risk
(3–4 points) categories according to the total score. The simplified four-component risk
score demonstrated moderate discriminative ability for predicting 3-month MACEs, with
an AUC of 0.693 (95% CI 0.615–0.768). At the optimal cut-off of ≥2 points, the score
achieved a sensitivity of 73.9% and a specificity of 57.3%.
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Figure 3. (A) Kaplan–Meier analysis according to 24 h hs-Troponin I concentrations. Patients with
hs-Troponin I concentrations ≥1557 pg/mL had significantly lower event-free survival than those
with lower concentrations (log-rank p = 0.0031). (B) Kaplan–Meier analysis according to multimarker
risk categories. Event-free survival progressively decreased across increasing risk categories, with the
high-risk group demonstrating the poorest prognosis during follow-up.

A simplified four-component score incorporating 24 h hs-Troponin I, LVEF, CRP, and
TyG index was developed. MACEs occurred in 36.6% of low-risk, 39.2% of intermediate-
risk, and 67.9% of high-risk patients (p < 0.001). The high-risk category was associated with
increased odds of MACEs (OR 3.45, 95% CI 1.83–6.52, p < 0.001) and a higher hazard of
event occurrence (HR 2.36, 95% CI 1.53–3.64, p < 0.001). Each one-point increase in score
was associated with a 54% increase in MACE hazard (HR 1.54, 95% CI 1.25–1.91, p < 0.001)
(Table 8, Figure 3B).
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Table 8. Multimarker risk score and risk of 3-month major adverse cardiovascular events.

Risk Category Score Patients (n) MACEs, n (%) OR (95% CI) HR (95% CI)

Low risk (reference) 0–1 41 15 (36.6) Reference Reference
Intermediate risk 2 51 20 (39.2) 1.12 (0.51–2.47) 1.08 (0.57–2.05)

High risk 3–4 78 53 (67.9) 3.45 (1.83–6.52) 2.36 (1.53–3.64)
Abbreviations: HR, hazard ratio; MACEs, major adverse cardiovascular events; OR, odds ratio.

4. Discussion
In this prospective cohort of patients admitted to a Medical Intensive Care Unit with

NSTEMI, the principal finding was that integration of markers reflecting myocardial injury,
ventricular function, and inflammation improved short-term risk stratification beyond
clinical variables alone. Although the individual biomarkers demonstrated only modest
discriminative performance, their combined assessment identified patients at substantially
different risks of adverse cardiovascular outcomes during follow-up.

Among the individual components of the model, 24 h hs-Troponin I emerged as the
most informative marker. Higher 24 h hs-Troponin I concentrations were independently
associated with both MACE occurrence and earlier event development, whereas admission
hs-Troponin I concentrations were not associated with outcome. Lower LVEF also provided
independent prognostic information, while CRP contributed additional risk information
when incorporated into the multimarker model [12].

Another important observation was the high event rate during follow-up. More than
half of the study population experienced MACEs within three months, and the median time
to the first event was only 11 days. Cardiovascular death and hospitalization for worsening
HF accounted for most adverse outcomes. Although the overall event rate appears higher
than that reported in many contemporary NSTEMI cohorts, all patients in the present
study required admission to a Medical Intensive Care Unit of a tertiary referral center and
therefore represented a population with greater clinical complexity and higher baseline
risk [13]. Furthermore, the composite MACE endpoint included hospitalization for worsen-
ing heart failure and urgent coronary revascularization in addition to cardiovascular death,
recurrent myocardial infarction, and ischemic stroke, which may also have contributed to
the observed event rate. Moreover, the individual components of the composite MACE
endpoint differ in their clinical severity and prognostic significance; therefore, interpreta-
tion of the composite outcome requires appropriate caution. Consequently, these findings
should be interpreted within the context of this selected high-risk population and may not
be directly generalizable to lower-risk patients with NSTEMI. These findings emphasize
the importance of early risk assessment before hospital discharge, as many adverse events
occurred during the first weeks after hospitalization.

LVEF remained associated with outcome after adjustment for clinical characteristics
and biomarkers [14]. This finding is consistent with the established role of ventricular
systolic dysfunction as a determinant of prognosis after acute myocardial infarction. While
troponin reflects the magnitude of myocardial injury, LVEF reflects its functional conse-
quences [15]. The improvement in model performance after incorporating LVEF suggests
that TTE assessment continues to provide clinically relevant prognostic information beyond
biochemical markers alone [16].

Inflammation also appeared to contribute to risk stratification [17]. Although CRP did
not remain an independent predictor after multivariable adjustment, its inclusion improved
the model’s overall discrimination and reclassification [18]. This finding is biologically
plausible given the central role of inflammation in plaque destabilization, recurrent ischemic
events, and post-infarction ventricular remodeling. In contrast, ferritin and the evaluated

https://doi.org/10.3390/clinpract16080143

https://doi.org/10.3390/clinpract16080143


Clin. Pract. 2026, 16, 143 12 of 15

metabolic indices provided limited additional prognostic information in this cohort. Their
contribution to model performance was small and diminished after internal validation [19].

An unexpected finding was the inverse association of age and active smoking with
adverse outcomes in multivariable analyses. Similar observations have occasionally been
reported in populations with acute coronary syndromes and are often attributed to residual
confounding or selection effects rather than to true protective associations [20]. Differences
in baseline characteristics, treatment patterns, referral practices, and survivor bias may
all contribute to such findings. Given the observational design and relatively limited
sample size, these results should be interpreted cautiously and should not be considered as
evidence of a protective effect of smoking.

The most clinically relevant finding was the improvement achieved by integrating
multiple pathophysiological domains [21]. Sequential incorporation of 24 h hs-Troponin
I, LVEF, and CRP improved discrimination, reclassification, and clinical utility compared
with a model based solely on clinical characteristics [22]. The resulting multimarker score
identified patient groups with markedly different risks of adverse outcomes while relying
exclusively on routinely available clinical, laboratory, and TTE parameters [23].

Several established risk scores, particularly GRACE and TIMI, remain the cornerstone
of risk assessment in patients with NSTEMI and have undergone extensive validation [24].
However, these scores do not simultaneously integrate serial assessment of myocardial
injury, left ventricular systolic function, and inflammatory activity obtained during the
index hospitalization [25]. Although a direct comparison with the GRACE and TIMI risk
scores was not possible in the present study, the proposed multidomain model demon-
strated good discriminative performance, suggesting that integrating these complementary
domains may provide additional prognostic information. Whether such an approach offers
incremental value beyond established risk scores should be examined in larger external
cohorts [26]. Accordingly, the proposed multidomain prediction model should currently be
considered complementary to established clinical risk scores, such as GRACE and TIMI,
and hypothesis-generating until validated in direct comparative studies.

This study has several limitations. It was conducted at a single tertiary-care center and
included a relatively modest number of patients. Follow-up was limited to three months,
precluding assessment of long-term outcomes. Further studies with longer follow-up are
needed to determine whether the model retains its predictive performance over longer
follow-up periods. The primary endpoint was a composite of clinically distinct cardiovas-
cular events. Established risk scores such as GRACE and TIMI could not be evaluated
because several required variables were unavailable. Although the initial treatment strategy,
including percutaneous coronary intervention, surgical revascularization, or conservative
medical management, was recorded during the index hospitalization, changes in medical
therapy and additional revascularization procedures during the three-month follow-up
were not systematically collected and therefore could not be incorporated into the analyses.
In addition, the study population consisted exclusively of patients admitted to a medical
intensive care unit, which may limit generalizability to lower-risk NSTEMI populations. Fi-
nally, although the proposed model underwent internal bootstrap validation, the relatively
modest sample size may still influence model stability. Furthermore, external validation
was not available, and the findings require confirmation in larger, independent multicenter
cohorts before routine clinical application.

5. Conclusions
In patients admitted to a medical intensive care unit with NSTEMI, 24 h hs-Troponin I

was a stronger predictor of short-term adverse cardiovascular outcomes than admission
measurements. Integrating 24 h hs-Troponin I, LVEF, and C-reactive protein improved
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risk prediction beyond clinical variables alone and enabled the development of a practical
multimarker model based on routinely available parameters. These findings support
the potential value of combining markers of myocardial injury, ventricular function, and
inflammation for early risk stratification in high-risk patients with NSTEMI.
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TG/HDL-C Triglyceride-to-High-Density Lipoprotein Cholesterol Ratio
TTE Transthoracic Echocardiography
TyG Triglyceride–Glucose Index

https://doi.org/10.3390/clinpract16080143

https://doi.org/10.3390/clinpract16080143


Clin. Pract. 2026, 16, 143 14 of 15

References
1. Case, B.C.; Weintraub, W.S. Non-ST-segment-elevation myocardial infarction: When is rapid revascularization critical? J. Am.

Heart Assoc. 2021, 10, e023645. [CrossRef]
2. Fanaroff, A.C.; Chen, A.Y.; van Diepen, S.; Peterson, E.D.; Wang, T.Y. Association between intensive care unit usage and long-term

medication adherence, mortality, and readmission among initially stable patients with non-ST-segment-elevation myocardial
infarction. J. Am. Heart Assoc. 2020, 9, e015179. [CrossRef]

3. Lee, S.D.; Kim, R.B.; Seo, C.O.; Kim, M.; Lee, H.J.; Kim, H.; Kim, H.R.; Kim, K.; Kang, M.G.; Park, J.R.; et al. Very early vs delayed
invasive strategy in high-risk NSTEMI patients without hemodynamic instability: Insight from the KAMIR-NIH. PLoS ONE 2024,
19, e0304273. [CrossRef] [PubMed]

4. Lechner, I.; Reindl, M.; Metzler, B.; Reinstadler, S.J. Predictors of long-term outcome in STEMI and NSTEMI: Insights from
J-MINUET. J. Clin. Med. 2020, 9, 3166. [CrossRef] [PubMed]

5. Jankowiak, B.; Wilk, J.; Wilk, M.; Orłowska, A.; Gajewski, P. Beyond acute coronary syndromes: Troponins as diagnostic and
prognostic tools in heart failure. Biomedicines 2025, 13, 2330. [CrossRef] [PubMed]

6. Potter, J.M.; Hickman, P.E.; Cullen, L. Troponins in myocardial infarction and injury. Aust. Prescr. 2022, 45, 53–57. [CrossRef]
[PubMed]

7. Yang, Z.; Li, Y.; Guo, T.; Yang, M.; Chen, Y.; Gao, Y. The effect of inflammatory markers on mortality in patients with acute
myocardial infarction. Sci. Rep. 2025, 15, 14514. [CrossRef] [PubMed]

8. Garcia-Osuna, A.; Sans-Rosello, J.; Ferrero-Gregori, A.; Alquezar-Arbe, A.; Sionis, A.; Ordóñez-Llanos, J. Risk assessment after
ST-segment elevation myocardial infarction: Can biomarkers improve the performance of clinical variables? J. Clin. Med. 2022,
11, 1266. [CrossRef] [PubMed]

9. Kovenskiy, A.; Mukhatayev, Z.; Sailybayeva, A.; Bekbossynova, M.; Kushugulova, A. Diagnostic and prognostic value of
circulating biomarkers in heart failure. Front. Cardiovasc. Med. 2025, 12, 1633164. [CrossRef] [PubMed]

10. Nazir, A.; Nazir, A.; Afzaal, U.; Aman, S.; Sadiq, S.U.R.; Akah, O.Z.; Jamal, M.S.W.; Hassan, S.Z. Advancements in biomarkers for
early detection and risk stratification of cardiovascular diseases: A literature review. Health Sci. Rep. 2025, 8, e70878. [CrossRef]
[PubMed]

11. Babes, E.E.; Radu, A.F.; Cretu, N.A.; Bungau, G.; Diaconu, C.C.; Tit, D.M.; Babes, V.V. Risk stratification in acute coronary
syndromes: The systemic immune-inflammation index as prognostic marker. Med. Sci. 2025, 13, 116. [CrossRef] [PubMed]

12. Daios, S.; Anastasiou, V.; Moysidis, D.V.; Didagelos, M.; Papazoglou, A.S.; Gogos, C.; Stalikas, N.; Alexiadis, E.; Theodoropoulos,
K.C.; Ztriva, E.; et al. The prognostic role of C-reactive protein velocity in patients with first acute myocardial infarction. J. Clin.
Med. 2025, 14, 7633. [CrossRef] [PubMed]

13. Sheng, Z.; Chen, B. Differences in the characteristics and outcomes of STEMI versus NSTEMI cardiogenic shock: A systematic
review and meta-analysis. Medicine 2025, 104, e44951. [CrossRef]

14. Siddiqui, A.J.; Holzmann, M.J. Association between reduced left ventricular ejection fraction following non-ST-segment elevation
myocardial infarction and long-term mortality in patients of advanced age. Int. J. Cardiol. 2019, 296, 15–20. [CrossRef] [PubMed]

15. Hai, T.N.P.; Kha, N.M.; Dat, D.N.T.; Tai, N.N.; Hung, T.P.; Sy, H.V. Predictive value of high-sensitivity troponin I for left ventricular
ejection fraction in patients with non-ST-elevation myocardial infarction. Acta Inform. Med. 2025, 33, 40–46. [CrossRef] [PubMed]

16. Shmueli, H.; Tsaban, G.; Moreno, A.; Shamia, D.; Weissberg, I.; Uziel, D.; Star, A.; Elhaj, K.; Abramowitz, Y. Echocardiographic
predictors of improvement of left ventricular ejection fraction below 35% in patients with ST-segment elevation myocardial
infarction. J. Clin. Med. 2024, 13, 4016. [CrossRef] [PubMed]

17. Li, Y.; Jin, H.; Zhang, G.; Zhang, Y.; Ding, Y. Relationship between inflammatory markers and long-term prognosis in ICU patients
with acute non-ST-segment elevation myocardial infarction. Front. Cardiovasc. Med. 2025, 12, 1577385. [CrossRef] [PubMed]

18. Wilson, P.W.; Pencina, M.; Jacques, P.; Selhub, J.; D’Agostino, R., Sr.; O’Donnell, C.J. C-reactive protein and reclassification of
cardiovascular risk in the Framingham Heart Study. Circ. Cardiovasc. Qual. Outcomes 2008, 1, 92–97. [CrossRef] [PubMed]

19. Fonseca, F.A.; Izar, M.C. Role of inflammation in cardiac remodeling after acute myocardial infarction. Front. Physiol. 2022,
13, 927163. [CrossRef] [PubMed]

20. Aune, E.; Røislien, J.; Mathisen, M.; Thelle, D.S.; Otterstad, J.E. The “smoker’s paradox” in patients with acute coronary syndrome:
A systematic review. BMC Med. 2011, 9, 97. [CrossRef]

21. Licordari, R.; Costa, F.; Garcia-Ruiz, V.; Mamas, M.A.; Marquis-Gravel, G.; de la Torre Hernandez, J.M.; Gomez Doblas,
J.J.; Jimenez-Navarro, M.; Rodriguez-Capitan, J.; Urbano-Carrillo, C.; et al. The evolving field of acute coronary syndrome
management: A critical appraisal of the 2023 European Society of Cardiology guidelines for the management of acute coronary
syndrome. J. Clin. Med. 2024, 13, 1885. [CrossRef] [PubMed]

22. Lin, X.; Fan, Q.; Li, Q.; Bo, X.; Chen, S.; Wu, X. Inflammatory markers guide early risk stratification and prognosis in elderly
patients with acute myocardial infarction. Sci. Rep. 2025, 15, 30423. [CrossRef] [PubMed]

https://doi.org/10.3390/clinpract16080143

https://doi.org/10.1161/jaha.121.023645
https://doi.org/10.1161/JAHA.119.015179
https://doi.org/10.1371/journal.pone.0304273
https://www.ncbi.nlm.nih.gov/pubmed/38843207
https://doi.org/10.3390/jcm9103166
https://www.ncbi.nlm.nih.gov/pubmed/33007837
https://doi.org/10.3390/biomedicines13102330
https://www.ncbi.nlm.nih.gov/pubmed/41153617
https://doi.org/10.18773/austprescr.2022.006
https://www.ncbi.nlm.nih.gov/pubmed/35592367
https://doi.org/10.1038/s41598-025-98408-y
https://www.ncbi.nlm.nih.gov/pubmed/40281050
https://doi.org/10.3390/jcm11051266
https://www.ncbi.nlm.nih.gov/pubmed/35268358
https://doi.org/10.3389/fcvm.2025.1633164
https://www.ncbi.nlm.nih.gov/pubmed/41070093
https://doi.org/10.1002/hsr2.70878
https://www.ncbi.nlm.nih.gov/pubmed/40432692
https://doi.org/10.3390/medsci13030116
https://www.ncbi.nlm.nih.gov/pubmed/40843738
https://doi.org/10.3390/jcm14217633
https://www.ncbi.nlm.nih.gov/pubmed/41227029
https://doi.org/10.1097/MD.0000000000044951
https://doi.org/10.1016/j.ijcard.2019.07.019
https://www.ncbi.nlm.nih.gov/pubmed/31327520
https://doi.org/10.5455/aim.2024.33.40-46
https://www.ncbi.nlm.nih.gov/pubmed/40223856
https://doi.org/10.3390/jcm13144016
https://www.ncbi.nlm.nih.gov/pubmed/39064056
https://doi.org/10.3389/fcvm.2025.1577385
https://www.ncbi.nlm.nih.gov/pubmed/40918184
https://doi.org/10.1161/CIRCOUTCOMES.108.831198
https://www.ncbi.nlm.nih.gov/pubmed/20031795
https://doi.org/10.3389/fphys.2022.927163
https://www.ncbi.nlm.nih.gov/pubmed/35837017
https://doi.org/10.1186/1741-7015-9-97
https://doi.org/10.3390/jcm13071885
https://www.ncbi.nlm.nih.gov/pubmed/38610650
https://doi.org/10.1038/s41598-025-15428-4
https://www.ncbi.nlm.nih.gov/pubmed/40830625
https://doi.org/10.3390/clinpract16080143


Clin. Pract. 2026, 16, 143 15 of 15

23. O’Donoghue, M.L.; Morrow, D.A.; Cannon, C.P.; Jarolim, P.; Desai, N.R.; Sherwood, M.W.; Murphy, S.A.; Gerszten, R.E.; Sabatine,
M.S. Multimarker risk stratification in patients with acute myocardial infarction. J. Am. Heart Assoc. 2016, 5, e002586. [CrossRef]
[PubMed]

24. Varughese, V.J.; Pollock, J.; Patel, P.; Richardson, C.; Joseph, C.; Vacca, D.; Mujadzic, H. Outcomes of NSTEMI admissions and
significance of TIMI scores: A nationwide analysis using the National Inpatient Sample. J. Clin. Med. 2025, 14, 171. [CrossRef]

25. Bilgin, M.; Akkaya, E.; Dokuyucu, R. Evaluation of inflammatory markers in predicting coronary complexity: Insights from the
SYNTAX II score in NSTEMI patients. J. Clin. Med. 2024, 13, 5940. [CrossRef]

26. Rao, C.; Wang, W.; Che, H.; Zhong, Q.; Li, Z.; Liu, W.; Fu, L.; Qin, W.; Gao, J.; Liu, B.; et al. Development and validation of
predictive models for prognostic assessment in patients with acute non-ST-segment elevation myocardial infarction: A multicentre
real-world study from China. BMC Med. Inform. Decis. Mak. 2026, 26, 83. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/clinpract16080143

https://doi.org/10.1161/JAHA.115.002586
https://www.ncbi.nlm.nih.gov/pubmed/27207959
https://doi.org/10.3390/jcm14010171
https://doi.org/10.3390/jcm13195940
https://doi.org/10.1186/s12911-026-03385-5
https://doi.org/10.3390/clinpract16080143

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Clinical, Laboratory, and Echocardiographic Assessment 
	Outcome Definition and Follow-Up 
	Development of Prediction Models 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Study Population and Baseline Characteristics 
	Components of Major Adverse Cardiovascular Events 
	Biomarker Performance and Independent Predictors of MACEs 
	Development and Validation of the Multidomain Prediction Model 
	Time-to-Event Analysis and Multimarker Risk Score 

	Discussion 
	Conclusions 
	References

