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ABSTRACT

Objective: Current clinical guidelines for non-ST-segment elevation myocardial infarction 
(NSTEMI) emphasize the duration of dual antiplatelet therapy (DAPT) based on scores such 
as the Predicting Bleeding Complications in Patients Undergoing Stent Implantation and 
Subsequent Dual Antiplatelet Therapy (PRECISE-DAPT) score and the Dual Antiplatelet 
Therapy (DAPT) score. However, these anatomical and clinical models often overlook the 
"inflammatory gap,” namely the contribution of systemic inflammation to both thrombotic 
and hemorrhagic risk. Although traditional models focus primarily on anatomical complexity, 
systemic inflammation may serve as a silent driver of adverse outcomes. We aimed to evaluate, 
using an artificial intelligence (AI)-enhanced approach, the incremental prognostic value of the 
inflammation-based Modified Glasgow Prognostic Score (mGPS) over a 36-month follow-up 
period, with particular emphasis on capturing non-linear interactions between biological 
markers and long-term outcomes.

Method: This study included 456 NSTEMI patients who underwent percutaneous coronary 
intervention (PCI). mGPS, DAPT, and PRECISE-DAPT scores were calculated for all patients. 
Prognostic performance was assessed using a Gradient Boosting Machine (GBM)-based 
machine learning (ML) framework. Analyses focused on improvements in the concordance 
index (C-index), Net Reclassification Index (NRI), and Integrated Discrimination Improvement 
(IDI), as well as three-year mortality assessed using Cox proportional hazards modeling to 
identify residual inflammatory risk. Model calibration was evaluated using the Brier score.

Results: At 36 months, mGPS emerged as the strongest independent predictor of mortality. 
Compared with patients with mGPS 0, those with mGPS 2 demonstrated a 6.18-fold higher 
risk of mortality (hazard ratio 6.18; 95% confidence interval 2.95–12.94; P < 0.001). Observed 
mortality rates increased markedly from 3.2% in the mGPS 0 group to 57.1% in the mGPS 2 
group (P < 0.001). While mGPS was not significantly associated with the ischemic DAPT score 
(P = 0.349), it was strongly associated with high bleeding risk (PRECISE-DAPT ≥ 25), with all 
patients in the mGPS 2 category classified as high bleeding risk (P < 0.001). Incorporation of 
mGPS into the baseline AI model significantly improved discriminative performance, increasing 
the C-index from 0.72 to 0.81 (P = 0.008). Additionally, the model correctly reclassified 46% 
of patients (NRI 0.46, P < 0.001) and demonstrated significant predictive improvement (IDI 
0.08, P = 0.004) compared with traditional scoring systems.

Conclusion: Systemic inflammation, as quantified by mGPS, is a critical biological modifier of 
cardiovascular risk that may help bridge the "inflammatory gap" in current scoring systems. 
AI-driven integration of mGPS into conventional clinical scores significantly improves 
36-month prognostic reclassification. mGPS appears to function as a biological recalibrator, 
identifying high-risk individuals who may be misclassified by conventional scoring systems. 
These findings suggest that mGPS-guided personalized antiplatelet strategies—particularly 
early DAPT de-escalation in patients with elevated mGPS—may help reduce the high mortality 
and bleeding risk observed in this vulnerable population by addressing biological fragility in 
addition to anatomical risk.

Keywords: DAPT, machine learning, mGPS, NSTEMI, PRECISE-DAPT, systemic inflammation, 
three-year mortality
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Acute coronary syndromes (ACS), particularly non-ST-
segment elevation myocardial infarction (NSTEMI), remain 

a leading cause of cardiovascular morbidity and mortality 
worldwide. Following percutaneous coronary intervention 
(PCI), determining the optimal duration of dual antiplatelet 
therapy (DAPT) is a major clinical challenge, requiring a careful 
balance between the prevention of recurrent ischemic events 
and the minimization of major bleeding complications.1 Current 
guidelines from the European Society of Cardiology (ESC) and 
the American College of Cardiology (ACC) recommend the 
use of structured risk scores, including the Predicting Bleeding 
Complications in Patients Undergoing Stent Implantation and 
Subsequent Dual Antiplatelet Therapy (PRECISE-DAPT) score 
and the Dual Antiplatelet Therapy (DAPT) score, to guide the 
duration of antithrombotic therapy. Nevertheless, despite 
adherence to these recommendations, a substantial proportion 
of patients continue to experience residual risk events that are 
not adequately predicted by traditional models.2,3

Although widely adopted, conventional scoring systems are 
largely based on clinical history, procedural characteristics, 
and baseline demographic variables. A major limitation of 
these models is the lack of direct incorporation of systemic 
inflammation, a key driver of atherosclerosis, plaque instability, 
and adverse clinical outcomes. This diagnostic blind spot 
may be conceptualized as the "inflammatory gap,” in which 
subclinical systemic inflammation remains undetected by 
standard anatomical and clinical assessments. Previous studies 
have demonstrated that inflammatory biomarkers, particularly 
high-sensitivity C-reactive protein (hs-CRP), are associated 
not only with increased ischemic risk but also with higher 
bleeding susceptibility through effects on vascular integrity and 
coagulation pathways.4,5

The modified Glasgow Prognostic Score (mGPS), which 
combines serum C-reactive protein and albumin levels, is 
a validated marker of systemic inflammatory response and 
nutritional status. Unlike isolated biomarkers, mGPS captures a 

ÖZET

Amaç: Güncel NSTEMI kılavuzları, ikili antiplatelet tedavi (DAPT) süresini PRECISE-DAPT 
ve DAPT gibi skorlamalar üzerinden anatomik ve klinik verilere dayanarak belirlemektedir. 
Ancak bu modeller, hem trombotik hem de hemorajik riski tetikleyen temel bir mekanizma 
olan “inflamatuar boşluk” (inflammatory gap) olgusunu, yani sistemik inflamasyonun rolünü, 
sıklıkla göz ardı etmektedir. Geleneksel modeller anatomik karmaşıklığa odaklansa da sistemik 
inflamasyon, olumsuz olayların sessiz bir itici gücü olarak işlev görebilir. Bu çalışmada, biyolojik 
belirteçler ile uzun dönem sonuçlar arasındaki doğrusal olmayan etkileşimleri yakalamak 
amacıyla inflamasyon temelli Modifiye Glasgow Prognostik Skoru’nun (mGPS) 36 aylık takip 
sürecindeki ilave prognostik değerini yapay zeka (AI) algoritmaları aracılığıyla değerlendirmeyi 
hedefledik.

Yöntem: Çalışma, perkütan koroner girişim (PKG) uygulanan 456 NSTEMI hastasının AI 
entegrasyonlu analizini kapsamaktadır. Tüm hastalar için mGPS, DAPT ve PRECISE-DAPT skorları 
hesaplandı. Prognostik performans, “rezidüel inflamatuar riski” tanımlamak amacıyla Gradient 
Boosting Machine (GBM) tabanlı bir makine öğrenmesi (ML) çerçevesi kullanılarak C-indeksi 
artışı, Net Yeniden Sınıflandırma İndeksi (NRI) ve Entegre Ayrım İyileştirmesi (IDI) üzerinden 
analiz edildi. Üç yıllık mortalite Cox oransal tehlikeler modellemesi ile değerlendirilirken model 
kalibrasyonu Brier skoru ile doğrulandı.

Bulgular: Otuz altı aylık takip sonunda mGPS, mortalitenin en güçlü bağımsız prediktörü olarak 
öne çıktı. mGPS 0 olan hastalarla kıyaslandığında, mGPS 2 grubundaki hastalar 6,18 kat artmış 
mortalite riski sergiledi (HR 6,18; %95 GA 2,95–12,94; P < 0,001). Gözlemlenen mortalite 
oranları mGPS 0 grubunda %3,2 iken mGPS 2 grubunda %57,1’e yükseldi (P < 0,001). mGPS, 
iskemik DAPT skoru ile anlamlı bir korelasyon göstermezken (P = 0,349), yüksek kanama 
riski (PRECISE-DAPT ≥25) ile güçlü bir ilişki sergiledi; mGPS 2 grubundaki hastaların tamamı 
(%100) yüksek kanama riski kategorisinde yer aldı (P < 0,001). mGPS’in bazal AI modeline 
entegrasyonu, ayrım gücünü anlamlı şekilde artırarak C-indeksini 0,72’den 0,81’e yükseltti 
(P = 0,008), hastaların %46’sını doğru şekilde yeniden sınıflandırdı (NRI 0,46; P < 0,001) ve 
geleneksel skorlara kıyasla belirgin bir prediktif kazanç sağladı (IDI 0,08; P = 0,004).

Sonuç: mGPS ile kantifiye edilen sistemik inflamasyon, mevcut risk skorlama sistemlerindeki 
“inflamatuar boşluğu” kapatan kritik bir biyolojik modifikatördür. mGPS’in yapay zeka 
tabanlı modellere entegrasyonu, 36 aylık süreçte üstün bir prognostik yeniden sınıflandırma 
sunmaktadır. mGPS, geleneksel skorlar tarafından yanlış sınıflandırılan yüksek riskli bireyleri 
tanımlayan bir “biyolojik rekalibratör” işlevi görür. Bu bulgular, mGPS rehberliğinde geliştirilecek 
kişiselleştirilmiş antiplatelet stratejilerinin, özellikle yüksek mGPS’li hastalarda erken DAPT 
de-eskale edilmesinin, anatomik riskin yanı sıra biyolojik kırılganlığı da hedefleyerek bu hassas 
kohorttaki yüksek mortalite ve kanama riskini azaltabileceğini düşündürmektedir.

Anahtar Kelimeler: DAPT, makine öğrenmesi, mGPS, NSTEMI, PRECISE-DAPT, sistemik 
inflamasyon, üç yıllık mortalite
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broader state of "biological fragility" by integrating inflammatory 
burden (CRP) with host metabolic reserve (albumin). Although 
initially developed for oncological prognostication, mGPS has 
recently gained attention in cardiovascular medicine because of 
its ability to predict major adverse cardiovascular events (MACE) 
and mortality. However, the incremental value of mGPS in 
refining the risk-benefit assessment of DAPT, particularly within 
artificial intelligence (AI)-based predictive frameworks, remains 
insufficiently explored in NSTEMI populations.6,7

In the era of precision medicine, AI-based algorithms offer the 
ability to identify complex, non-linear interactions between 
biological markers and clinical scores that may not be adequately 
captured by conventional statistical approaches. Traditional 
linear models may underestimate the synergistic effects of 
hypoalbuminemia and elevated C-reactive protein (CRP) levels 
on vascular outcomes. Integrating mGPS into established risk 
stratification systems may therefore help identify residual 
inflammatory risk that significantly modifies the prognostic 
utility of PRECISE-DAPT and DAPT scores.8

Accordingly, this study aimed to evaluate the incremental 
prognostic value of mGPS in NSTEMI patients during 
a 36-month follow-up period. Using an AI-enhanced 
framework, we investigated the relationship between systemic 
inflammation and conventional DAPT risk scores to establish 
a more comprehensive model for personalized antiplatelet 
therapy and long-term mortality prediction. We hypothesized 
that mGPS acts as a biological recalibrator, identifying high-
risk individuals who may be misclassified by conventional 
anatomical risk models.9,10

Materials and Methods

Study Design and Population
This retrospective, single-center, observational cohort study 
was conducted at the cardiology clinic of a tertiary care center. 
A total of 456 consecutive adult patients (≥ 18 years) diagnosed 
with NSTEMI between January 1, 2023 and September 30, 
2023, were initially screened. Patient selection followed the 
STROBE (Strengthening the Reporting of Observational Studies 
in Epidemiology) guidelines and is illustrated in the study 
flowchart (Figure 1). All enrolled patients underwent invasive 
coronary angiography followed by successful revascularization 
with either percutaneous coronary intervention or coronary 
artery bypass grafting (CABG). To ensure data integrity, all 
procedural and clinical records were independently reviewed 
and cross-verified by two cardiologists. The study protocol 
was approved by Ethics Committee of Giresun Training and 
Research Hospital (Approval Number: 23.07.2025/22, Date: 
23.07.2025) and was conducted in accordance with the ethical 
principles outlined in the Declaration of Helsinki. Owing to the 
retrospective design of the study, the requirement for informed 
consent was waived by the institutional review board.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 

1.	 Age ≥ 18 years; 

2.	 Confirmed diagnosis of NSTEMI; 

3.	 Successful invasive revascularization; and 

4.	 Complete laboratory data, including CRP, albumin, and 
hematological parameters.

To minimize confounding factors affecting systemic inflammation 
and to better isolate "residual inflammatory risk," the following 
exclusion criteria were applied: 

1.	 ST-segment elevation myocardial infarction (STEMI); 

2.	 Conservative management without procedural treatment; 

3.	 Active infection, known malignancy, or autoimmune disease, 
which could distort baseline mGPS values; and

4.	 Missing clinical or laboratory data required for score calculation.

ABBREVIATIONS
ACC	 American College of Cardiology
ACS	 Acute coronary syndromes
AI	 Artificial intelligence
C-index	 Concordance index
CABG	 Coronary artery bypass grafting
CRP	 C-reactive protein
DAPT	 Dual antiplatelet therapy
eGFR	 Estimated glomerular filtration rate
ESC	 European Society of Cardiology
GBM	 Gradient Boosting Machine
hs-CRP	 High-sensitivity C-reactive protein
IDI	 Integrated Discrimination Improvement
LVEF	 Left ventricular ejection fraction
MACE	 Major adverse cardiovascular events
mGPS	 Modified Glasgow Prognostic Score
ML	 Machine learning
NRI	 Net Reclassification Index
NSTEMI	 non-ST-segment elevation myocardial infarction
PCI	 Percutaneous coronary intervention
PRECISE-DAPT	 Predicting Bleeding Complications in Patients
	 Undergoing Stent Implantation and Subsequent
	 Dual Antiplatelet Therapy
STEMI	 ST-segment elevation myocardial infarction
VIF	 Variance inflation factor

Patients screened with NSTEMI 
(n = 512*)

Final study cohort (n = 456)

Excluded (n = 56*)
• STEMI
• Conservative management
• Active infection / cancer
• Missing data

Figure 1. STROBE flowchart of patient selection.
Study flowchart of patient selection according to the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) guidelines. 
The diagram illustrates the process of identifying and enrolling 456 patients 
with non-ST-segment elevation myocardial infarction (NSTEMI) who 
underwent successful percutaneous coronary intervention (PCI). It also 
demonstrated the application of stringent inclusion and exclusion criteria, 
including the exclusion of patients with active infections or malignancies, 
to better isolate residual inflammatory risk.
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Baseline Definitions and Scoring Systems
NSTEMI was defined according to the Fourth Universal Definition 
of Myocardial Infarction. Three validated scoring systems were 
calculated for each patient at admission:

•	 Modified Glasgow Prognostic Score (mGPS): Patients with 
CRP 10 ≤ mg/L received a score of 0 regardless of albumin 
level. Patients with CRP > 10 mg/L and albumin ≥ 35 g/L 
received a score of 1, whereas patients with CRP > 10 mg/L 
and albumin < 35 g/L received a score of 2.

•	 PRECISE-DAPT Score: This score was calculated using age, 
creatinine clearance, hemoglobin level, white blood cell 
count, and history of spontaneous bleeding. A PRECISE-
DAPT score ≥ 25 was defined as high bleeding risk.

•	 DAPT Score: The DAP score was assessed 12 months after 
intervention and incorporated age, diabetes mellitus, smoking 
status, prior myocardial infarction or PCI, stent diameter (< 
3 mm), stent type, and left ventricular ejection fraction. A 
score ≥ 2 was considered indicative of potential net benefit 
from prolonged DAPT.

For the AI modeling framework, mGPS, PRECISE-DAPT, and 
DAPT scores were analyzed as both categorical and continuous 
variables to capture the full spectrum of risk and improve 
predictive granularity.

Outcomes and 36-Month Follow-Up
The primary endpoint was all-cause mortality at 36 months, 
representing an extension of six months beyond the original 
30-month thesis evaluation period to capture late clinical events. 
Clinical outcome data were obtained from electronic health 
records, national death registries, and telephone follow-up 
interviews conducted by investigators blinded to baseline risk 
scores to minimize bias.

Statistical Analysis and AI Modeling Framework
Statistical analyses were performed using JAMOVI (version 
2.3.28; The jamovi Project, Sydney, Australia) and Python-
based Scikit-learn frameworks. Continuous variables were 
assessed for normality using the Shapiro-Wilk test. To 
ensure the stability of the Cox models, the proportional 
hazards assumption was assessed using Schoenfeld residuals. 
Multicollinearity among predictors was assessed using the 
variance inflation factor (VIF), with values < 5 considered 
indicative of acceptable model stability. To evaluate the 
incremental prognostic value of mGPS, a three-tier analytical 
strategy was employed:

1.	 Survival Analysis: Thirty-six-month survival outcomes 
were analyzed using Cox proportional hazards regression to 
determine hazard ratios (HR) for mGPS relative to standard 
risk scores.

2.	 AI-Driven Feature Importance: Gradient Boosting Machine 
(GBM) and Random Forest algorithms were used to identify 
complex non-linear relationships and rank the predictive 
importance of each variable. To reduce overfitting and 
improve generalizability, 10-fold cross-validation was applied 
during model training. Hyperparameters were optimized by 
minimizing the Brier Score, with mGPS included as a key 
biological feature.

3.	 Model Performance and Reclassification Analysis: The 
incremental discriminative value of adding mGPS to a baseline 
model consisting of age, left ventricular ejection fraction 
(LVEF), estimated glomerular filtration rate (eGFR), and 
PRECISE-DAPT score was assessed using the concordance 
index (C-index), Net Reclassification Index (NRI), and 
Integrated Discrimination Improvement (IDI). These metrics 
enabled quantification of the clinical utility of mGPS in 
improving patient risk classification.

Model calibration was evaluated using the Brier score. To compare 
model performance, 95% confidence intervals for C-indices were 
calculated, and the DeLong test was used to assess incremental 
improvement. Reclassification performance was evaluated using 
the continuous NRI and IDI. To ensure model robustness, a GBM 
was used as the final predictive model, with hyperparameter 
optimization performed through a 10-fold cross-validation grid 
search aimed at minimizing the Brier score. A two-sided P value 
< 0.05 was considered statistically significant.

Results

Baseline Characteristics and Risk Score Distribution
The study cohort consisted of 456 patients with NSTEMI, with 
a mean age of 66.7 ± 10.9 years. Most patients were male 
(76.3%). Baseline laboratory evaluation demonstrated a mean 
CRP level of 17.1 ± 31.1 mg/L and a mean albumin level of 41.3 
± 4.3 g/L. The distribution of mGPS indicated that more than 
one-third of the study population exhibited evidence of systemic 
inflammatory activation (mGPS 1 or 2)

•	 mGPS 0: 285 patients (62.5%)
•	 mGPS 1: 150 patients (32.9%)
•	 mGPS 2: 21 patients (4.6%).

With respect to dual antiplatelet therapy risk stratification, 
31.2% of patients were categorized as high bleeding risk 
(PRECISE-DAPT ≥ 25), whereas 60.2% were classified as high 
ischemic risk (DAPT score ≥ 2) (Table 1).

Association Between mGPS and Clinical Risk Scores
A highly significant association was observed between systemic 
inflammation, as measured by mGPS, and the PRECISE-DAPT 
bleeding risk score (P < 0.001). Notably, all patients in the mGPS 
2 category were classified as high bleeding risk, compared with 
only 9.0% of patients in the mGPS 0 group. In contrast, no 
significant association was observed between mGPS and the 
DAPT ischemic risk score (χ2 = 2.11, P = 0.349). This divergence 
suggests that inflammatory burden represents a distinct 
biological dimension that is largely independent of conventional 
anatomical and ischemic risk assessment.

Long-Term Outcomes and 36-Month Survival Analysis
At the initial 30-month follow-up, 36 deaths (11.8%) had 
been recorded. Extension to a 36-month follow-up period, 
incorporating the additional six months of data, further 
accentuated the prognostic differences among mGPS categories. 
Mortality rates increased progressively with inflammatory burden:

•	 3.2% in mGPS 0
•	 22.0% in mGPS 1
•	 57.1% in mGPS 2 (P < 0.001).
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Multivariate Cox regression analysis identified mGPS as the 
strongest predictor of long-term mortality. Specifically, 
patients in the mGPS 2 group demonstrated a markedly 
increased risk of 36-month mortality compared with those 
in the mGPS 0 group (HR: 6.18; 95% confidence interval [CI]: 
2.95–12.94; P < 0.001) (Table 2, Figure 2). The corresponding 
“number at risk” table for each follow-up interval is presented 
below the survival curves to ensure transparency in the 
longitudinal survival analysis.

AI-Driven Incremental Value and Reclassification
Integration of mGPS into the baseline predictive model, which 
included PRECISE-DAPT score and conventional clinical variables, 
resulted in substantial improvements in predictive performance 
within the AI-based framework (Figure 3).

Model discrimination improved significantly, with the C-index 
increasing from 0.72 (95% CI: 0.68–0.76) to 0.81 (95% 

CI: 0.77–0.85) following the addition of mGPS (P = 0.008, 
DeLong test).

Incorporation of mGPS also resulted in a continuous NRI of 0.46 
(95% CI: 0.28–0.64; P < 0.001) and an IDI of 0.08 (P = 0.004).

The final AI model demonstrated high predictive accuracy, with 
a Brier score of 0.091, indicating excellent agreement with the 
observed clinical outcomes (Figure 4).

Beyond traditional discrimination metrics, the clinical utility of 
the modified approach was further supported by improved patient 
reclassification. Incorporation of systemic inflammatory burden 
into the predictive model resulted in a significant incremental 
gain in classification accuracy (NRI: 0.46, P < 0.001).

Table 1. Baseline clinical, laboratory, and risk profile according to Modified Glasgow Prognostic Score (mGPS) groups
Variables Total population (n=456) mGPS 0 (n=285) mGPS 1 (n=150) mGPS 2 (n=21) P
Demographics

Age (years), mean±SD 66.7±10.9 65.4±11.2 68.1±10.4 72.3±8.1 <0.001

Male, n (%) 348 (76.3%) 217 (76.1%) 115 (76.7%) 16 (76.2%) 0.992

Laboratory parameters

CRP (mg/L), mean±SD 17.1±31.1 4.2±2.8 32.4±15.6 82.3±44.2 <0.001

Albumin (g/L), mean±SD 41.3±4.3 42.8±3.1 39.7±3.4 31.2±2.8 <0.001

Clinical risk scores

PRECISE-DAPT ≥25, n (%) 142 (31.2%) 26 (9.0%) 95 (63.3%) 21 (100.0%) <0.001

DAPT Score ≥2, n (%) 274 (60.2%) 175 (61.4%) 87 (58.0%) 12 (57.1%) 0.349

Outcome

36-Month Mortality, n (%) 54 (11.8%) 9 (3.2%) 33 (22.0%) 12 (57.1%) <0.001

*The Dual Antiplatelet Therapy (DAPT) score is conventionally assessed at 12 months after percutaneous coronary intervention (PCI); however, in the present 
study, it was included as a baseline projection of anticipated 12-month ischemic risk to enable direct comparison with the biological baseline risk represented 
by the modified Glasgow Prognostic Score (mGPS). †Thirty-six-month mortality was defined as the primary clinical outcome and is presented in this table to 
provide a comprehensive overview of the prognostic divergence across mGPS groups. Continuous variables are presented as mean ± standard deviation (SD), 
whereas categorical variables are expressed as n (%). P values were calculated using analysis of variance (ANOVA) for continuous variables and the chi-square 
test for categorical variables.

Table 2. Multivariate Cox proportional hazards model for 
36-month mortality
Variables HR 95% CI P
mGPS 1 (vs 0) 3.42 1.85–6.32 <0.001

mGPS 2 (vs 0) 6.18 2.95–12.94 <0.001

PRECISE-DAPT score 1.05 1.01–1.09 0.024

DAPT Score 0.94 0.78–1.14 0.542

LVEF <40% 1.82 0.88–3.75 0.108

eGFR < 60 mL/
min/1.73 m²

1.12 0.65–2.14 0.412

*The multivariate model was adjusted for age, left ventricular ejection 
fraction (LVEF), estimated glomerular filtration rate (eGFR), and the 
Predicting Bleeding Complications in Patients Undergoing Stent 
Implantation and Subsequent Dual Antiplatelet Therapy (PRECISE-
DAPT) score. †The proportional hazards assumption was confirmed using 
Schoenfeld residuals, and multicollinearity was excluded based on variance 
inflation factor (VIF) values < 5.0. CI, Confidence interval; HR, Hazard ratio; 
mGPS, Modified Glasgow Prognostic Score.

Figure 2. Kaplan–Meier survival curves for 36-month all-cause 
mortality stratified according to the modified Glasgow Prognostic 
Score (mGPS). The curves demonstrate significant divergence 
in survival across the 36-month follow-up period according to 
baseline inflammatory status. Patients in the mGPS 2 group, 
characterized by elevated C-reactive protein (CRP) and low 
albumin levels, exhibited the lowest survival rates, corresponding 
to a 6.18-fold increase in mortality risk compared with the mGPS 
0 group (P < 0.001).
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Discussion

Our AI-enhanced analysis demonstrated a 46% improvement in 
the Net Reclassification Index for 36-month mortality following 
integration of the mGPS into standard risk stratification models. 
This finding is clinically important, as it suggests that nearly half 
(46%) patients with NSTEMI may be inadequately classified by 
current guideline-based approaches. Recent studies published in 
this journal have similarly emphasized the need to incorporate 
novel inflammatory biomarkers into acute coronary syndrome 

risk stratification models to improve long-term prognostic 
accuracy in the contemporary PCI era.11–13

The principal finding of this study is that mGPS, a simple and 
cost-effective marker of systemic inflammation, provides 
substantial incremental prognostic value beyond conventional 
clinical risk scores in NSTEMI patients. Integration of mGPS 
into the predictive framework significantly improved 36-month 
mortality discrimination and patient reclassification, highlighting 
the limitations of purely anatomical risk assessment models and 
emphasizing the importance of incorporating biological markers 
of inflammation into clinical decision-making. Furthermore, 
while mGPS demonstrated a strong association with high 
bleeding risk, it showed no correlation with anatomical ischemic 
risk, thereby identifying a distinct "inflammatory gap" within 
current risk stratification paradigms.13-16

The complete overlap between mGPS 2 and high bleeding 
risk further suggests that systemic inflammation is a major 
contributor to biological fragility. These findings are consistent 
with contemporary data from Turkish NSTEMI populations 
showing that bleeding complications and long-term mortality 
remain significant challenges despite advances in interventional 
techniques. Consequently, mGPS may serve as a “biological 
recalibrator,” identifying high-risk patients who might otherwise 
remain undetected using anatomical risk scores alone.17

The Inflammatory Paradox: Bleeding Versus Ischemia
One of the most striking observations in our cohort was the 
complete overlap between mGPS 2 and high bleeding risk as 
defined by the PRECISE-DAPT score. This finding suggests that 
systemic inflammation, reflected by elevated C-reactive protein 
levels and hypoalbuminemia, is not merely a marker of cardiac 
injury but also an indicator of vascular and biological fragility. 
Although conventional scores such as the PRECISE-DAPT score 
focus on factors such as age and baseline hemoglobin level, they 
often overlook cytokine-driven endothelial dysfunction that 
may predispose patients to hemorrhagic complications.18

In contrast, the absence of a significant association between 
mGPS and the DAPT ischemic risk score (P = 0.349) indicates that 
inflammatory burden represents a distinct biological dimension 
that is largely independent of anatomical risk. While DAPT 
scores primarily reflect procedural complexity, mGPS appears to 
identify “biological fragility,” which may contribute more directly 
to systemic mortality and bleeding risk through cytokine-driven 
endothelial dysfunction rather than recurrent stent thrombosis. 
Our findings suggest that, in patients with elevated mGPS, 
the potential ischemic benefit of prolonged DAPT may be 
outweighed by a disproportionately increased risk of bleeding 
and mortality, thereby creating a "biological mismatch" within 
conventional therapeutic decision-making frameworks.19

Prognostic Superiority of mGPS in Long-Term Mortality
The extended 36-month follow-up of our cohort further 
established mGPS as a powerful independent predictor of 
mortality, with patients in the mGPS 2 category demonstrating 
a 6.18-fold increase in mortality risk. Systemic inflammation 
is a well-recognized driver of adverse outcomes in acute 
coronary syndromes. Elevated CRP levels reflect active plaque 
inflammation and myocardial injury, whereas hypoalbuminemia 

Figure 3. Artificial intelligence (AI)-driven feature importance 
ranking derived from the Gradient Boosting Machine (GBM) 
framework. The figure illustrates the relative predictive contribution 
of clinical and biological variables for 36-month mortality. The 
modified Glasgow Prognostic Score (mGPS) emerged as the 
strongest biological predictor, providing significant incremental 
prognostic value beyond traditional scoring systems, including the 
Predicting Bleeding Complications in Patients Undergoing Stent 
Implantation and Subsequent Dual Antiplatelet Therapy (PRECISE-
DAPT) score and the Dual Antiplatelet Therapy (DAPT) score.

Figure 4. Calibration plot for prediction of 36-month mortality 
using the artificial intelligence-based model. The scatter plot 
and calibration curve demonstrate strong agreement between 
mortality risk predicted by the artificial intelligence (AI) model 
and the observed mortality rate (Brier score: 0.091).
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serves as a surrogate marker for both chronic malnutrition and 
the severity of the inflammatory response. Our findings are 
consistent with previous evidence suggesting that, in patients 
with NSTEMI, the inflammatory milieu may exert a greater 
influence on long-term survival than the severity of the index 
ischemic event itself.20

Clinical Implications and AI-Driven Precision Medicine
Integration of mGPS into the AI-based predictive framework 
yielded a C-index of 0.81, representing a substantial improvement 
in discriminative performance compared with baseline models. 
These findings reinforce the growing recognition that a uniform 
approach to DAPT duration is increasingly inadequate in the 
era of precision medicine. Patients with elevated mGPS despite 
moderate anatomical risk may particularly benefit from earlier 
DAPT de-escalation strategies, such as transition to P2Y12 
inhibitor monotherapy after one or three months, to reduce 
bleeding and mortality risk. Our AI-driven framework suggests 
that mGPS may function as a "biological recalibrator," capable 
of refining the decision thresholds of existing DAPT algorithms 
according to the patient’s underlying systemic burden.21,22

Limitations
A primary limitation of this study is the relatively small sample 
size of the mGPS 2 subgroup (n = 21). Although the observed 
hazard ratio was substantial (HR 6.18) and statistically significant 
(P < 0.001), these results should be considered hypothesis-
generating and require validation in larger cohorts. Additionally, 
specific causes of death could not always be definitively 
adjudicated; therefore, mortality was analyzed as an all-cause 
composite endpoint. This study is also subject to the inherent 
limitations of a retrospective, single-center design. Although the 
36-month follow-up period provides robust prognostic insight, 
external validation in larger multicenter prospective studies 
remains necessary. Finally, because systemic inflammation is 
dynamic, a single baseline measurement of mGPS may not fully 
capture temporal changes in inflammatory status during long-
term follow-up.

Conclusion

Systemic inflammation, as quantified by mGPS, represents a 
critical yet frequently overlooked dimension of risk in patients with 
NSTEMI. By integrating this biological marker into conventional 
risk models through an AI-based framework, we achieved 
superior prediction of three-year mortality and improved patient 
reclassification. Incorporation of mGPS into routine clinical 
practice may facilitate more individualized antithrombotic 
treatment strategies and improve long-term outcomes in this 
high-risk population by helping bridge the "inflammatory gap" 
in contemporary risk assessment.
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