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Giriş: Non-HDL kolesterol ile HDL kolesterol oranı (non-HDL-C/HDL-C oranı; NHHR) ile stent trombozu (ST) zemininde gelişen ST-segment elevasyonlu 

miyokart enfarktüsü (STEMI) arasındaki ilişki yeterince araştırılmamıştır. Bu çalışmada, NHHR’nin bu hasta grubundaki prognostik değerini 

değerlendirmeyi amaçladık. 

Yöntem: Ocak 2020 ile Nisan 2024 tarihleri arasında ST’ye bağlı STEMI nedeniyle primer PTCA uygulanan toplam 168 hasta retrospektif olarak incelendi. 

Birincil sonlanım noktası, 1 yıllık tüm nedenlere bağlı mortaliteydi. Hastalar NHHR değerlerine göre <3 ve ≥3 olmak üzere iki gruba ayrıldı. 

Bulgular: Bir yıllık takip süresince 35 hasta (%20,8) hayatını kaybetti. Mortalite grubundaki hastalar, sağ kalanlara kıyasla daha yaşlıydı (64 vs. 58 yaş, 

p = 0,049), daha sık kadın cinsiyetteydi (%48,6 vs. %30,1, p = 0,040) ve hiperkolesterolemi, kalp yetersizliği ve başvuru Killip ≥2 oranları daha yüksekti 

(tüm p < 0,05). Bu hastalarda LVEF daha düşüktü (yüzde 41 vs. 45, p = 0,009) ve başvuru glukoz, kreatinin, CRP değerleri anlamlı olarak yüksekti. Ayrıca, 

HDL kolesterol ve hemoglobin düzeyleri mortalite grubunda daha düşüktü. NHHR ≥3 olan hastaların oranı mortalite grubunda anlamlı olarak daha fazlaydı 

(%71,4 vs. %51,1, p = 0,032) ve bu hastalarda 1 yıllık mortalite oranı daha yüksekti (%26,8 vs. %13,3, p = 0,032). Çok değişkenli Cox regresyon analizinde, 

NHHR ≥3 değeri 1 yıllık mortalite için bağımsız bir öngördürücü olarak saptandı (HR = 2,751; %95 GA: 1,048–7,221; p = 0,040). 

Sonuç: ST’ye bağlı STEMI ile başvuran hastalarda 1 yıllık mortalite halen yüksektir. Non-HDL-C/HDL-C oranının yüksek oluşu, bu hasta grubunda artmış 

mortalite ile bağımsız olarak ilişkili bulunmuştur. NHHR, bu yüksek riskli hasta grubunda kolay erişilebilir, basit ve değerli bir risk belirteci olabilir. 

Anahtar Kelimeler: stent trombozu, ST elevasyonlu miyokart enfarktüsü, non-HDL/HDL kolesterol oranı, mortalite 

 

Objective: The relationship between the non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (non-HDL-C/HDL-C ratio, 

NHHR) and stent thrombosis (ST) in the setting of ST-elevation myocardial infarction (STEMI) has been understudied. We aimed to evaluate the prognostic 

value of NHHR in patients presenting with STEMI due to ST. 

Method: This retrospective study included 168 patients who underwent primary PCI for ST-related STEMI between January 2020 and April 2024. The 

primary outcome was 1-year all-cause mortality. Patients were stratified according to NHHR: <3 or ≥3. 

Results: During 1-year follow-up, 35 patients (20.8%) died. Compared with survivors, non-survivors were older (64 vs. 58 years, p = 0.049), more often 

female (48.6% vs. 30.1%, p = 0.040), and had higher rates of hypercholesterolemia, heart failure, and Killip class ≥2 (all p < 0.05). They also had lower 

LVEF (41% vs. 45%, p = 0.009), and higher admission levels of creatinine, CRP, and glucose. HDL-C and hemoglobin were significantly lower in non-

survivors. An NHHR ≥3 was more frequent in the mortality group (71.4% vs. 51.1%, p = 0.032), and associated with higher 1-year mortality (26.8% vs. 

13.3%, p = 0.032). In multivariate Cox regression, NHHR ≥3 remained an independent predictor of 1-year mortality (HR = 2.751; 95% CI, 1.048–7.221; 

p = 0.040). 

Conclusion: Among patients presenting with STEMI due to ST, an elevated non-HDL-C/HDL-C ratio was independently associated with increased 1-year 

all-cause mortality. NHHR may serve as a simple, accessible biomarker for risk stratification in this high-risk population. 
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INTRODUCTION  

Stent thrombosis (STH) represents a significant complication of 

percutaneous coronary intervention (PCI), often presenting as acute 

myocardial infarction (MI) or acute coronary syndrome (ACS) and is linked 

to considerable morbidity and mortality (1). The incidence of STH in the 

first-year post-implantation varies between 0.5% and 1.0% (2). Previous 

clinical studies indicated mortality rates near 30% (3). However, recent 

data, frequently confirmed by autopsy-confirmed events, demonstrate 

improved survival rates under 10% in current practice (3). STH occurs more 

frequently in patients with ST-elevation myocardial infarction (STEMI) 

who undergo primary PCI (2). The sudden occlusion of the stented artery 

presents a considerable risk for recurrent MI and mortality. Approximately 

20% of patients who experience an initial episode of STH may have a 

recurrence within two years (4). Drug-eluting stents (DES) markedly 

decrease restenosis rates in comparison to bare-metal stents; however, 

early-generation DES exhibited a heightened risk of STH (5). Data 

regarding the predictors and frequency of STH with new-generation DESs 

remain limited. 

Non-high-density lipoprotein cholesterol (non-HDL-C) is defined as 

total cholesterol minus HDL-C and includes all atherogenic lipoproteins 

(6). Recent findings indicate that non-HDL-C serves as an independent and 

significant predictor of cardiovascular risk, suggesting its inclusion as a 

secondary treatment target in high-risk groups (7). The non-HDL-C to 

HDL-C ratio has been gaining attention for its significant correlation with 

metabolic syndrome and its enhanced efficacy compared to traditional lipid 

measures in evaluating atherosclerotic burden (8, 9). Nevertheless, there is 

an absence of data regarding its association with STH. This study 

investigates the association between the non-HDL-C/HDL-C ratio and 

STH, evaluating its potential as a prognostic and predictive biomarker in 

patients with STH who present with STEMI. 

MATERIALS AND METHODS 

Patients and Study Design 

This retrospective study included 2,922 patients who were admitted to 

our cardiology department with STEMI between January 2020 and April 

2024. Among these, 181 patients (6.2%) were diagnosed with STH. Patients 

were excluded if they had missing data regarding lipid profiles or follow-

up, had received thrombolytic therapy, or had end-stage malignancy. The 

study included the remaining 168 patients who fulfilled the inclusion 

criteria of receiving primary PCI for stent thrombosis and presented with 

STEMI. The study was approved by the local institutional ethics committee. 

Clinical Evaluation 

The diagnosis of STEMI was made by the Fourth Universal Definition 

of Myocardial Infarction (10). Clinical and laboratory data were retrieved 

from hospital records, and patients were compared based on 1-year all-

cause mortality. The clinical evaluation included baseline demographic 

and clinical characteristics such as age, sex, presence of hypertension, 

diabetes mellitus, and hypercholesterolemia; concomitant comorbidities 

including history of stroke; prior MI, PCI, and coronary artery bypass 

grafting (CABG); STEMI subgroup classification; Killip class at 

admission; left ventricular ejection fraction (LVEF);and discharge 

medications. Laboratory parameters assessed at admission included serum 

glucose, hemoglobin, white blood cell (WBC) count, platelet count, serum 

creatinine, and estimated glomerular filtration rate (eGFR). Inflammatory 

and metabolic markers such as C-reactive protein (CRP), hemoglobin A1c, 

total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-

density lipoprotein cholesterol (HDL-C), triglycerides (TG), non-HDL-C, 

and the non-HDL-C/HDL-C ratio were also recorded. 

Venous blood samples were obtained at the time of hospital admission 

following a fasting period of 10 to 12 hours. Serum concentrations of 

fasting lipid parameters, including TC, TG, LDL-C, and HDL-C, along 

with other biochemical and hematological markers, were measured using 

standard laboratory techniques. eGFR was calculated using the Levey-

modified Modification of Diet in Renal Disease (MDRD) formula as 

follows: (186.3 x serum Cr [mg/dL]-1.154) x (age [years]-0.203) x (0.742 

if female) (11). The non-HDL-C to HDL-C ratio was calculated using the 

following formula: non-HDL-C/HDL-C ratio = (TC − HDL-C) / HDL-C 

(12). 

Data Analysis 

The study population was divided into two groups based on non-HDL-

C/HDL-C ratio values: patients with a ratio < 3 (n = 75) and those with a 

ratio ≥ 3 (n = 93). The primary clinical endpoints were in-hospital and 

follow-up outcomes, including in-hospital mortality, Killip class at 

admission, clinically significant bleeding, acute kidney injury (AKI),  

medication requiring hypotension, stroke, repeat PCI, and 1-year all-cause 

mortality. In-hospital events were assessed through a review of the 

institutional electronic medical records, while 1-year mortality data were 

obtained from the national death notification system. 

Statistical Analysis 

The distribution of continuous variables was assessed using the 

Kolmogorov–Smirnov test. Continuous variables were expressed as 

mean ± standard deviation and compared between groups using the 

independent samples t-test or the Mann–Whitney U test, as appropriate. 

Categorical variables were presented as counts and percentages, and 

comparisons between groups were performed using the chi-square test or 

Fisher’s exact test, where applicable. A two-tailed p-value of <0.05 was 

considered statistically significant. 

To evaluate the impact of the non-HDL-C/HDL-C ratio on 1-year all-

cause mortality, a Cox proportional hazards regression model was 

constructed. Covariates included in the model were age, sex, admission 

serum creatinine, LVEF, and Killip class ≥2 at admission, using a forward 

stepwise method. Variables with a p-value <0.10 in univariate analysis or 

those deemed clinically relevant were entered into the multivariate model. 

The predictive performance of the non-HDL-C/HDL-C ratio for 1-year 

mortality was assessed using receiver operating characteristic (ROC) 

curve analysis. Statistical analyses were performed using SPSS software 

version 20.0 (IBM Corp., Armonk, NY, USA). 

RESULTS 

     Of the 168 patients admitted with STEMI and diagnosed with stent 

STH, 35 patients (20.8%) died during the 1-year follow-up period. The 

baseline clinical and demographic characteristics of the study patients are 

summarized in Table 1.Compared with survivors, patients in the mortality 
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group were older (64 vs. 58 years, p = 0.049), more likely to be female 

(48.6% vs. 30.1%, p = 0.040), and had a higher prevalence of 

hypercholesterolemia (31.4% vs. 26.3%, p = 0.030) and heart failure 

(25.7% vs. 11.3%, p = 0.030). Additionally, non-survivors had lower 

LVEF (41% vs. 45%, p = 0.009) and were more likely to present with a 

higher Killip class on admission (p < 0.001). 

The biochemical and hematological parameters of the study patients 

are summarized in Table 2. Compared with survivors, patients in the 

mortality group had significantly higher admission glucose levels (152 vs. 

139 mg/dL, p = 0.025), admission creatinine (1.59 vs. 1.02 mg/dL, p < 

0.001), peak creatinine (2.48 vs. 1.26 mg/dL, p < 0.001), and admission 

CRP levels (21.8 vs. 5.4 mg/L, p < 0.001). In contrast, non-survivors had 

significantly lower HDL cholesterol (37 vs. 40 mg/dL, p = 0.047) and 

hemoglobin levels (12.5 vs. 13.4 g/dL, p = 0.043).Furthermore, the 

proportion of patients with a non-HDL-C/HDL-C ratio ≥ 3 was 

significantly higher in the mortality group compared with the survivor 

group (71.4% vs. 51.1%, p = 0.032). 

Table 3 summarizes in-hospital and follow-up outcomes according to 

the non-HDL-C/HDL-C ratio. There were no statistically significant 

differences between the groups concerning in-hospital outcomes, 

including in-hospital mortality, admission Killip class, clinically 

important bleeding, acute kidney injury, stroke, repeat PCI, or 

hypotension requiring medication. However, the 1-year all-cause 

mortality rate was significantly higher among patients with a non-HDL-

C/HDL-C ratio ≥3 compared with those with a ratio <3 (26.8% vs. 13.3%, 

p = 0.032) (Figure 1). 

Cox regression analysis identified the non-HDL-C/HDL-C ratio 

(hazard ratio [HR] = 2.751; 95% confidence interval [CI], 1.048–7.221; 

p = 0.040), age (HR = 1.066; 95% CI, 1.012–1.123; p = 0.016), admission 

creatinine (HR = 2.115; 95% CI, 1.123–3.984; p = 0.020), and Killip class 

≥2 at presentation (HR = 8.041; 95% CI, 5.033–13.141; p < 0.001) as 

independent predictors of 1-year all-cause mortality (Table 4). 

The diagnostic performance of the non-HDL-C/HDL-C ratio in 

predicting 1-year mortality is illustrated in the ROC curve shown in 

Figure 2. The area under the curve (AUC) was 0.692 (95% CI, 0.640–

0.744; p = 0.047), indicating modest discriminative ability. 

Table 1. Baseline Clinical and Demographic Characteristics of Study Group According to 1-Year All-Cause Mortality. a 

Variables 
Total 

n=168 

Deceased 

n= 35 

Survivors 

n= 133 
p 

Age, years 59±9 64±10 58±9 0.049 

Sex, female % 33.9 48.6 30.1 0.040 

DM, % 26.8 28.6 26.3 0.780 

Hypertension, % 39.3 48.6 36.8 0.206 

Hypercholesterolemia, % 27.4 31.4 26.3 0.030 

Previous MI, % 10.9 13.4 7.3 0.546 

Previous CABG, % 4.2 2.9 4.5 0.140 

COPD, % 61.5 16.7 16.2 0.868 

Prior Heart Failure, % 14.3 25.7 11.3 0.030 

LVEF, % 44±10 41±11 45±9 0.009 

Hospital presentation, %    0.046 

Anterior STEMI 49.4 71.4 45.2  

Inferior STEMI 42.5 21.4 46.6  

Lateral STEMI 11.5 7.1 12.3  

Posterior STEMI 9.2 14..3 8.2  

Killip class ≥2, % 21.2 60.0 9.8 <0.001 

Discharge medication, %     

Clopidogrel 42.4 42.9 42.3 0.953 

Ticagrelor 47.3 17.1 55.4 <0.001 

Prasugrel 1.2 0.0 1.5 0.460 
a Data are presented as mean ± standard deviation or n (%). Statistically significant p values shown in boldface.  

Abbreviations: DM: diabetes mellitus, MI: myocardial infarction, PCI: Percutaneous coronary intervention, CABG: coronary artery 

bypass grafting, COPD: chronic obstructive pulmonary disease, LVEF: left ventricular ejection fraction, STEMI: ST-segment 

Elevation Myocardial Infarction. 
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Table 2. Biochemical and Hematological Parameters of Study Group According to 1-Year All-Cause Mortality. a 

Variables 
Total 

n= 168 

Deceased 

n= 35 

Survivors 

n= 133 

p 

 

Glucose, mg/dL 141±94 152±99 139±93 0.025 

Hgb, g/dL 13.2±1.8 12.5±2.1 13.4±1.6 0.043 

WBC, ×109 /L 11.3±4.0 12.1±5.1 11.1±3.6 0.340 

PLT count, ×109 /L 262±82 254±107 264±74 0.570 

Admission Cr, mg/dl 1.16±0.8 1.59±1.5 1.02±0.4 <0.001 

Maximum Cr, mg/dl 1.51±1.2 2.48±2.1 1.26±0.7 <0.001 

Admission CRP 6.41±2.7 21.8±6.0 5.4±2.3 <0.001 

HbA1c 6.1±0.6 6.2±0.8 6.1±0.5 0.241 

ALT 21±31 22±38 21±29 0.868 

AST 31±66 39±113 28±53 0.166 

Total cholesterol, mg/dL 170±39 174±41 169±39 0.806 

LDL cholesterol, mg/dL 107±39 110±36 107±40 0.643 

HDL cholesterol, mg/dL 40±10 37±10 40±10 0.047 

Triglyceride, mg/dL 125±59 132±56 124±60 0.373 

Non-HDL cholesterol, mg/dL 131±39 137±42 129±38 0.413 

Non-HDL/HDL-C ratio 3.51±1.5 4.10±2.0 3.36±1.3 0.064 

Non-HDL/HDL-C ratio ≥3, % 55.4 71.4 51.1 0.032 
a Data are presented as mean ± standard deviation or n (%). Statistically significant p values shown in boldface.  

Abbreviations: Hgb: hemoglobin, WBC: white blood cell, PLT: platelet, eGFR: glomerular filtration rate, Cr: creatinine, CRP: C 

reactive protein, HbA1c: hemoglobin A1c, ALT: Alanine transaminase; AST: Aspartate aminotransferase, LDL: low density 

lipoprotein, HDL: high density lipoprotein, AIP: atherogenic index of plasma. 

Table 3. In-Hospital and Follow-Up Outcomes of Study Group According to Non-HDL/HDL-C Ratio A 

Variables 
Non-HDL/HDL-C ratio < 3 

n: 75 

Non-HDL/HDL-C ratio ≥ 3 

n: 93 
p 

In-hospital outcomes 
  

 

Mortality, % 8.0 10.7 0.486 

Killip class ≥2, % 13.7 22.6 0.810 

Bleeding, % 5.3 8.7 0.403 

Acute kidney injury, % 37.9 36.7 0.897 

Hypotension (medication required) 10.7 21.5 0.061 

Stroke 0.2 0.1 0.191 

Repeat PCI 0.1 0.2 0.441 

Follow-up outcomes    

1-year mortality, % 13.3 26.8 0.032 

a Data are presented as n (%). Statistically significant p values shown in boldface. 
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Figure 1. Comparison of 1-year all-cause mortality rates according to non-

HDL-C/HDL-C ratio groups in patients presenting with STEMI due to 

stent thrombosis. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Receiver operating characteristic (ROC) curve evaluating the 

predictive value of the non-HDL-C/HDL-C ratio for 1-year all-cause 

mortality in patients presenting with STEMI due to stent thrombosis. 

    DISCUSSION 

     In our study, 20.8% of patients presenting with STEMI and diagnosed 

with STH died during the 1-year follow-up period. When compared with 

survivors, patients who died were significantly older and more frequently 

presented with anterior STEMI. They also had a higher non-HDL-C/HDL-

C ratio, elevated admission creatinine and CRP levels, and lower 

hemoglobin concentrations. Importantly, a high non-HDL-C/HDL-C ratio 

was identified as an independent predictor of 1-year all-cause mortality 

The role of HDL-C in CAD is well established. Numerous studies have 

shown that low HDL-C levels are associated with increased risk of CAD 

(13). Similarly, elevated levels of LDL-C and TG are also recognized as 

significant contributors to CAD risk (14, 15). Currently, LDL-C remains 

the primary target in the management of hypercholesterolemia. In line with 

previous findings, our study demonstrated that patients with STH who died 

within 1 year of follow-up had lower HDL-C levels and a higher 

prevalence of hypercholesterolemia. Nevertheless, evidence indicates the 

individuals with low LDL-C and high HDL-C levels may furthermore 

have an increased risk for CAD (16). This result has led researchers to 

investigate alternate lipid-based indicators for improved prediction of 

cardiovascular risk (16). In this regard, non-HDL-C levels and the non-

HDL-C/HDL-C ratio have been identified as significant indicators (8). 

Multiple studies have demonstrated that variations in these parameters 

correlate with atherosclerotic cardiovascular risk (8, 17). The association 

between elevated non-HDL-C/HDL-C ratios and negative cardiovascular 

outcomes is well established in the general population; however, 

information concerning patients with STH is limited (18). This study 

contributes to existing literature by indicating that a higher non-HDL-

C/HDL-C ratio may correlate with elevated 1-year mortality in patients 

with STH. 

STH represents a significant and potentially life-threatening 

complication related to coronary stent implantation (19). Previous research 

indicates that patients who suffer from STH are at a markedly increased 

risk for recurrent myocardial infarction and mortality (20). Kuramitsu et 

al. found that patients with STH had poorer long-term clinical outcomes 

than control patients. Second-generation DES have demonstrated a 

reduction in the incidence of STH compared to first-generation DES; 

however, STH remains a significant risk, even with the advancement of 

newer-generation stents (2). Identifying risk factors for STH following 

coronary stent implantation is essential. Recent studies have examined 

potential predictors to enable early identification and timely management 

of patients at high risk of STH (21, 22). Nevertheless, data on this 

particular topic is still limited. This study contributes to the subject by 

presenting 1-year follow-up data from a cohort of patients with 

documented STH. The non-HDL-C/HDL-C ratio was significantly 

elevated in patients who died during follow-up in comparison to survivors. 

Previous studies indicate an elevated non-HDL-C/HDL-C ratio to 

increased cardiovascular mortality in general populations (23). Our study 

is, to our knowledge, the first to demonstrate this association specifically 

in patients with stent thrombosis. 

    Systemic inflammation is significantly elevated in individuals 

diagnosed with CAD (24). Increased inflammatory status correlates with a 

higher disease burden, more extensive coronary involvement, and elevated 

Table 4. Cox Regression Analysis to Detect Independent 
Predictors of 1-Year All-Cause Mortality 

Variables Multivariate 

 HR (95% CI) p 

Non-HDL/HDL-C ratio 2.751 1.048-7.221 0.040 

Sex, female 0.780 0.306-1.986 0.620 

Age 1.066 1.012-1123 0.016 

Admission Cr 2.115 1.123-3.984 0.020 

LVEF 0.998 0.951-1.047 0.931 

Killip ≥ 2 8.041 5.033-13.141 <0.001 

HR: hazard ratio: CI: confidence interval HDL: high density 

lipoprotein; Cr: creatinine. 
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mortality rates in patients with CAD (25, 26). Coronary stent implantation 

is a significant treatment for obstructive CAD; however, stent thrombosis 

remains a considerable complication, even with advancements in stent 

technology and pharmacotherapy (3). Inflammation and 

hypercoagulability are acknowledged as significant factors in the 

pathogenesis of STH. Increased levels of inflammatory markers can 

facilitate thrombogenesis by activating coagulation pathways and 

impairing vascular endothelial cells (27). Prior research has established 

that increased systemic inflammation when coronary stenting serves as a 

risk factor for acute stent thrombosis (20, 28). Our study confirmed these 

findings, displaying that admission CRP levels were significantly elevated 

in patients who died during the 1-year follow-up period. The findings 

indicate that baseline CRP levels may serve as prognostic indicators for 

the severity of the condition and long-term outcomes in patients with stent 

thrombosis. 

     This study has several limitations, many of which are inherent to 

retrospective observational research. First, it was a single-center study, 

which may limit the generalizability of the findings. Second, the relatively 

small sample size restricted the statistical power to evaluate all clinical 

outcomes, and follow-up was limited to 1 year. The time interval between 

stent implantation and the occurrence of stent thrombosis was not available 

for all patients. Intravascular imaging techniques were not routinely 

utilized, potentially limiting insights into mechanical predictors of stent 

thrombosis, such as stent malapposition or underexpansion. Additionally, 

data regarding patients' adherence to prescribed medications, a significant 

factor that may affect long-term outcomes, were not available 

     CONCLUSION 

     In patients with STH presenting with STMEI, 1-year mortality remains 

high despite contemporary management strategies. Our findings highlight 

that advanced age, anterior infarct localization, impaired renal function, 

systemic inflammation, and anemia are associated with increased long-

term mortality. Most notably, an elevated non-HDL-C/HDL-C ratio 

emerged as an independent predictor of 1-year all-cause mortality. These 

results suggest that the non-HDL-C/HDL-C ratio may serve as a valuable 

and readily accessible biomarker for risk stratification in this high-risk 

population. 
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