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Abstract: Background and Objectives: Acute coronary syndrome (ACS) is a life-threatening
cardiovascular condition with high mortality rates, necessitating accurate and early risk
assessment to optimize patient outcomes. While traditional lipid markers, such as low-
density lipoprotein-cholesterol (LDL-C) and high-density lipoprotein-cholesterol (HDL-C),
are widely used, non-traditional lipid indices, including the lipoprotein combined index
(LCI), atherogenic index of plasma (AIP), atherogenic index (AI), Castelli risk indices (CRI-I,
CRI-II), and atherogenic combined index (ACI) may offer additional prognostic insights by
reflecting the underlying atherogenic and inflammatory processes. This study aimed to
assess the prognostic value of these non-traditional lipid indices, along with traditional
lipid and biochemical markers, for in-hospital mortality in ACS patients. Materials and
Methods: This retrospective observational study analyzed data from ACS patients admitted
to the coronary care unit (CCU) between January 2019 and September 2024. A cohort of
920 patients was divided into survivor (n = 823, 89.46%) and non-survivor (n = 97, 10.54%)
groups based on in-hospital mortality outcomes. Demographic, hematological, biochem-
ical, and lipid profile data, including traditional and non-traditional lipid indices, were
collected. Separate logistic regression models were developed for each index, adjusting for
demographic and clinical variables in order to assess the independent predictive power of
each non-traditional lipid index. Results: Significant differences were observed between
survivor and non-survivor groups in terms of age, c-reactive protein (CRP), white blood
cell count (WBC), hemoglobin (HGB), and creatinine levels (all p-values < 0.05). While
traditional lipid markers, such as LDL-C and HDL-C, showed limited predictive value,
non-traditional lipid indices demonstrated stronger associations. The highest Exp (Beta)
values were observed for the CRI-II, AI, and CRI-I. An ROC analysis further confirmed that
the CRI-II, AI, and CRI-I had the highest AUC values, with pairwise comparisons under-
scoring the CRI-II’s superior accuracy. These findings suggest that non-traditional lipid
indices predict atherogenic risk better than traditional markers alone. Conclusions: Non-
traditional lipid indices, particularly the CRI-I and II, AI, LCI, ACI, and AIP, were found to
be significantly associated with in-hospital mortality in ACS patients. These indices may
provide additional prognostic value beyond traditional lipid parameters; however, further
prospective studies are needed to confirm their clinical utility. These results underscore
the importance of integrating non-traditional lipid indices into routine risk assessments to
improve mortality predictions and inform targeted interventions in high-risk ACS patients.
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1. Introduction
Acute coronary syndrome (ACS) is the most severe clinical manifestation of coro-

nary artery disease (CAD) and remains a leading cause of death worldwide. Despite the
widespread use of percutaneous coronary intervention (PCI), which has significantly re-
duced cardiovascular mortality and complications, the prognosis for ACS patients remains
poor [1]. Atherosclerosis, the primary cause of CAD, is a complex process resulting from
lipid accumulation in arterial walls, driven by interactions between atherogenic and anti-
atherogenic lipoproteins [2,3]. Traditional lipid markers such as LDL-C, HDL-C, and total
cholesterol (TC) have been widely used for cardiovascular risk assessment [4]. However,
they do not adequately capture the complexity of atherogenic risk. These markers primarily
measure absolute lipid levels without considering interactions or the balance between pro-
and anti-atherogenic factors. For instance, LDL-C does not differentiate between large, less
atherogenic particles and small, dense particles strongly associated with plaque formation
and cardiovascular events. Likewise, HDL-C’s protective role varies as its functionality and
anti-inflammatory properties are not always reflected by its absolute level. Furthermore,
traditional lipid markers do not sufficiently represent the underlying inflammatory and
metabolic disturbances contributing to atherosclerosis, such as insulin resistance, oxidative
stress, and systemic inflammation. To address these limitations, studies have explored
non-traditional lipid profiles.

Currently, several non-traditional lipid indices have been developed to enhance cardio-
vascular risk assessment by incorporating traditional lipid profiles. These indices include
the atherogenic index (AI = non-HDL-C/HDL-C), atherogenic index of plasma (AIP = log10
[TG/HDL-C]), Castelli risk indices I and II (CRI-I = TC/HDL-C, CRI-II = LDL-C/HDL-C),
lipoprotein combined index (LCI = TC × TG × LDL-C/HDL-C), and atherogenic combined
index (ACI = log10 [TG × non-HDL-C/HDL-C]) [5–10]. These indices provide a more
comprehensive assessment of atherogenic burden by reflecting the interactions between
various lipid fractions and metabolic processes. They are used as predictive markers
for conditions such as atherosclerosis, insulin resistance, hypertension, central obesity,
the progression of atherosclerosis, and major adverse cardiac and cerebrovascular events
(MACCEs) [10–12]. These non-traditional indices enhance predictive accuracy for adverse
cardiovascular events by accounting for the interaction between pro-atherogenic lipids
(LDL-C, non-HDL-C, and TG) and anti-atherogenic lipoproteins (HDL-C). A recent study
identified AIP as an independent risk factor for mortality in acute myocardial infarction
(AMI) patients without diabetes mellitus (DM) at 12-month follow-up, while the AI, CRI-I,
and CRI-II were not independent predictors of in-hospital death or MACCEs during the
same period [13]. Accurate estimation of MACCEs and mortality risk in AMI patients is
essential for clinical management as high-risk patients may benefit from more intensive
interventional and medical treatments [14].

Furthermore, the atherogenic combined index (ACI), which integrates all lipid param-
eters, was found to be more effective than other indices in predicting the presence and
severity of CAD [6]. This suggests that the ACI may be a valuable independent risk factor
for in-hospital mortality and MACCEs as it provides a more comprehensive reflection of
atherogenic status.
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There is increasing interest in non-traditional lipid indices, such as the AIP, CRI-I, CRI-
II, LCI, AI, and ACI, as they may better reflect the underlying pathophysiological processes
in ACS. By combining various lipid parameters, these indices offer a more comprehensive
assessment of atherogenic potential. The primary objective of this study is to evaluate
the prognostic value of non-traditional lipid indices (AI, AIP, LCI, CRI-I, CRI-II, and
ACI) for predicting in-hospital mortality in ACS patients. By examining their predictive
capabilities, we aim to determine whether these indices can enhance risk stratification
beyond traditional lipid markers and provide a more effective basis for guiding tailored
therapeutic interventions for high-risk patients.

The biological plausibility of evaluating these indices lies in their ability to reflect the
balance between atherogenic lipids (e.g., LDL-C, non-HDL-C, and TG) and anti-atherogenic
lipoproteins (HDL-C), which collectively contribute to the development and progression
of atherosclerosis. Elevated levels of atherogenic lipids promote endothelial dysfunction,
plaque formation, and inflammatory responses, all of which are critical factors in the
pathogenesis of ACS. Previous studies have demonstrated associations between higher
values of non-traditional lipid indices, such as the AIP, CRI-II, and AI, and increased
cardiovascular risk and adverse outcomes, particularly in patients with dyslipidemia and
systemic inflammation [13]. Additionally, the atherogenic combined index (ACI) has been
suggested to better reflect atherogenic status and predict CAD severity compared to other
indices, supporting its potential role as a prognostic marker for in-hospital mortality [6].
Therefore, evaluating these indices may provide a more comprehensive assessment of
cardiovascular risk, enhancing predictive accuracy and improving clinical decision-making
for high-risk ACS patients.

2. Materials and Methods
2.1. Study Design and Dataset

This investigation adopts a retrospective observational design, encompassing a cohort
of patients with acute coronary syndrome who were hospitalized in the coronary care unit
(CCU) at our medical institution between January 2019 and September 2024. The cohort
was subsequently dichotomized into two subsets based on the presence or absence of the
in-hospital mortality in the hospital, totaling 920 individuals (Group 0: survivors (n = 823,
89.46%); Group 1: non-survivors (n = 97, 10.54%)). This study was conducted in accordance
with the Declaration of Helsinki and approved by the Clinical Research Ethics Committee
of Samsun University (date: 11 September 2024; protocol number: 2024/16/10).

2.2. Inclusion and Exclusion Criteria

Patients with a diagnosis of acute coronary syndrome were included in this study.
Acute coronary syndrome (ACS) is divided into two main categories: ST-segment eleva-
tion myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction
(NSTEMI). Unstable angina pectoris (USAP) is similar to NSTEMI but without the elevation
of cardiac markers. Our study included patients with the following criteria according to
the 2017 European Society of Cardiology (ESC) guidelines for the management of acute
myocardial infarction (AMI) in patients presenting with STEMI and the 2020 ESC guide-
lines for the management of acute coronary syndrome (ACS) in patients presenting with
NSTEMI [12,15–17].

The diagnosis of ACS was made using a combination of clinical symptoms, electro-
cardiographic (ECG) changes, and elevated cardiac biomarkers (troponin I/T) in accor-
dance with international definitions. Exclusion criteria included patients with incomplete
lipid panel data, chronic inflammatory or autoimmune diseases, active malignancy, and
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end-stage renal disease, as these conditions could introduce confounding effects on lipid
metabolism and inflammatory markers.

The exclusion criteria used in the study are given below:

(a) Age < 18 years and >80 years;
(b) A hemoglobin value of less than 8 g/dL;
(c) Lipid-lowering therapy;
(d) A mechanical complication of percutaneous coronary intervention;
(e) Severe renal impairment [estimated glomerular filtration rate (eGFR) of 15 mL/min/m2];
(f) A history of cancer was detected within the previous year;
(g) Severe liver impairment;
(h) Missing data about the patient.

2.3. Data Collection

Data pertaining to laboratory results, echocardiography findings, demographic vari-
ables, MI localizations, and comorbidities were extracted from electronic medical records.
Hematological and biochemical parameters, including urea (mg/dL), creatinine, TC LDL-C,
TG and HDL-C levels, albumin (Alb), c-reactive protein (CRP), aspartate transaminase
(AST), alkaline phosphatase (ALT), troponin (Tn), hemoglobin (Hgb) values, and platelet
(PLT) and white blood cell (WBC) counts, were ascertained from venous blood samples
obtained during initial admission to the coronary care unit.

2.4. Non-Traditional Lipid Profile Calculation

Lipid indices in this study were calculated using standardized equations as previously
described in the literature. Specifically, CRI-I (TC/HDL-C), CRI-II (LDL-C/HDL-C), AI
(non-HDL-C/HDL-C), AIP (log10 [TG/HDL-C]), LCI (TC × TG × LDL-C/HDL-C), and
ACI (log10 [TG × non-HDL-C/HDL-C]) were derived using their respective formulas to
ensure consistency and reproducibility of results. These indices were computed directly
from the lipid profile data obtained from routine biochemical analyses following standard
laboratory methodologies.

(a) The lipoprotein combined index (LCI) was obtained with the formula LCI = TC × TG ×
LDL-C/HDL-C [5].

(b) The atherogenic combined index (ACI) was obtained through the logarithmic trans-
formation of the ratio of TG multiplied by non-HDL-C to HDL-C (ACI = log10 [TG ×
non-HDL-C/HDL-C]) [6].

(c) The atherogenic index of plasma (AIP) was calculated through the logarithmic trans-
formation of the ratio of TG and HDL-C concentrations (AIP: log10 [TG/HDL-C]) [7].

(d) The atherogenic index (AI), also known as the atherogenic coefficient, was obtained
by dividing non-HDL-C by HDL-C values (AI = non-HDL-C/HDL-C) [8].

(e) The Castelli risk index-I (CRI-I) was obtained by dividing TC by HDL-C values (CRI-I =
TC/HDL-C), and CRI-II was obtained by dividing LDL-C by HDL-C values (CRI-II =
LDL-C/HDL-C) [9].

(f) Non-HDL-C levels were calculated by subtracting HDL-C from TC values (non-HDL-
C = TC-HDL-C) [18].

2.5. Statistical Analyses

In this study, an independent samples t-test or the Mann–Whitney U test was used to
determine whether there was a statistically significant difference between the groups. The
Chi-square test was applied for categorical parameters. There are seven different binary
logistic regression models to investigate the effects of variables on the survivor group. In
the first model, demographic, hematological, biochemical, and traditional lipid variables
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were included. Since including all demographic, hematological, biochemical, traditional,
and non-traditional lipid variables in a single model may lead to multicollinearity issues,
six additional models were created, each incorporating one non-traditional lipid variable
(AI, AIP, LCI, CRI-I, CRI-II, and ACI) along with the demographic, hematological, and
biochemical variables. To ensure model stability and interpretability, multicollinearity was
assessed using the Variance Inflation Factor (VIF) for each model. Variables with a VIF
greater than 10 were considered to exhibit severe collinearity and were removed from the
model. Variables with a VIF between 5 and 10 were carefully evaluated based on their
clinical relevance and statistical impact before making a final decision. A VIF below 5
was considered acceptable, indicating no serious multicollinearity concerns. Using this
approach ensured that the models remained reliable and that the estimated coefficients
were stable and interpretable. This approach ensures that the regression coefficients remain
stable and that the predictive power of each non-traditional lipid index can be accurately
evaluated in separate models. To ensure consistency and comparability across models,
each non-traditional lipid variable was standardized before analysis. Standardization
addresses potential scaling issues that could affect interpretation and allows for the direct
comparison of effects across models, enhancing the interpretability of each non-traditional
lipid variable’s impact on mortality risk. The significance of the logistic regression models
was assessed through the Omnibus and Hosmer and Lemeshow tests. The Omnibus test
evaluates model significance by testing whether all independent variable coefficients are
zero; a rejection of the null hypothesis is desired. The Hosmer and Lemeshow test examines
the model’s fit by comparing observed and expected values, with the null hypothesis
ideally accepted to confirm good fit. The Cox and Snell and Nagelkerke R² values were
used to show how well the model explains variance in the dependent variable, with
values closer to 1 indicating better explanatory power. The Wald test was applied to
assess the significance of individual coefficients, with the null hypothesis stating that the
coefficient is zero. Odds ratios (ORs or Exp(B)) were used to interpret the influence of
significant coefficients on the dependent variable, indicating how a one-unit increase in an
independent variable affects event probability. However, for standardized non-traditional
lipid variables, the OR reflects the change in odds for a one standard deviation increase
rather than a one-unit increase in the original scale. This ensures comparability across
models by mitigating differences in variable scales and enhancing interpretability. An
ROC analysis was conducted to assess the discriminative accuracy of non-traditional lipid
indices, with AUC values indicating predictive power. Pairwise ROC comparisons using
tests like the DeLong test evaluated significant differences between indices, clarifying each
index’s contribution to mortality risk prediction. DeLong’s test was performed to compare
the AUC values derived from different logistic regression models (Models 2–7), ensuring
appropriate application of the test. The test was not conducted within the same model
but rather between independent models, each containing a different non-traditional lipid
index, to maintain statistical validity. Additionally, to evaluate the clinical relevance and
magnitude of observed differences between survivor and non-survivor groups, effect sizes
(Cohen’s d) with 95% confidence intervals (CIs) were calculated for key lipid indices.

A flowchart illustrating the study design, including patient selection, exclusion criteria,
calculation of non-traditional lipid indices, and statistical analyses, is presented in Figure 1.
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Figure 1. Flowchart of study design and analyses.

3. Results
Table 1 presents a comparison of categorical, demographic, hematological, biochemical,

and traditional as well as non-traditional lipid parameters between the survivor and non-
survivor groups.

Table 1. Comparison of parameters (categorical, demographic, hematological, and biochemical data
and traditional and non-traditional lipid profiles) between survivor and non-survivor groups.

Variable Survivor
N = 823 (89.46%)

Non-Survivor
N = 97 (10.54%) p-Value

Demographic–Categorical N (%) N (%)

GENDER Female 239 (29) 39 (40.2)
0.024 *Male 584 (71) 58 (59.8)

DM Yes 287 (34.9) 63 (64.9)
<0.001 ***No 536 (65.1) 34 (35.1)

HT Yes 514 (62.5) 71 (73.2)
0.038 *No 309 (37.5) 26 (26.8)

AMI A. Ant. MI 135 (16.4) 24 (24.8)
0.106A. Inf. MI 169 (20.5) 20 (20.6)

Non-STEMI 519 (63.1) 53 (54.6)

EF (%) >50 506 (61.5) 32 (33.0)
<0.001 ***40–50 204 (24.8) 26 (26.8)

<40 113 (13.7) 39 (40.2)
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Table 1. Cont.

Variable Survivor
N = 823 (89.46%)

Non-Survivor
N = 97 (10.54%) p-Value

Demographic Mean ± SD Mean ± SD

AGE 62.09 ± 11.32 66.60 ± 9.05 <0.001 ***

Hematological and Biochemical Data

HGB (g/dL) 13.34 ± 1.96 12.41 ± 2.03 <0.001 ***
PLT (109/L) 250.12 ± 71.58 264.97 ± 94.24 0.175
WBC (109/L) 10.71 ± 4.61 14.61 ± 6.11 <0.001 ***
CRP (mg/dL) 22.16 ± 36.71 87.27 ± 107.41 <0.001 ***
CREATININ (mg/dL) 1.03 ± 0.55 1.39 ± 0.46 <0.001 ***

Traditional Lipid Profiles

TG (mg/dL) 174.32 ± 102.91 211.11 ± 89.43 <0.001 ***
HDL-C (mg/dL) 41.82 ± 9.15 36.41 ± 8.57 <0.001 ***
VLDL-C (mg/dL) 34.85 ± 20.38 42.18 ± 17.95 <0.001 ***
LDL-C (mg/dL) 126.16 ± 30.85 158.87 ± 28.37 <0.001 ***
TC (mg/dL) 201.01 ± 40.38 234.41 ± 37.47 <0.001 ***
Non-HDL-C (mg/dL) 159.19 ± 36.72 198 ± 36.25 <0.001 ***

Non-Traditional Lipid Profiles

AI 3.94 ± 1.06 5.74 ± 1.70 <0.001 ***
AIP 0.57 ± 0.25 0.74 ± 0.20 <0.001 ***
LCI (×103) 120.15 ± 116.40 245.08 ± 169.63 <0.001 ***
CRI-I 4.94 ± 1.06 6.74 ± 1.70 <0.001 ***
CRI-II 3.1 ± 0.80 4.59 ± 1.32 <0.001 ***
ACI 2.76 ± 0.3 3.03 ± 0.25 <0.001 ***

SD: standard deviation; DM: diabetes mellitus; HT: hypertension; AMI: acute myocardial infarction; A.Ant.MI:
acute anterior myocardial infarction; A.Inf.MI: acute inferior myocardial infarction; EF: ejection fraction; HGB:
hemoglobin; PLT: platelet; WBC: white blood cell; CRP: C-reactive protein; TG: triglyceride; HDL-C: high-
density lipoprotein cholesterol; VLDL-C: very-low-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; TC: total cholesterol; AI: atherogenic index; AIP: atherogenic index of plasma; LCI: lipoprotein
combined index; CRI: Castelli risk index; ACI: atherogenic combined index. *: Difference is significant at 95%
confidence level (two-tailed); ***: difference is significant at 99.9% confidence level (two-tailed).

Significant differences were observed between the survivor and non-survivor groups
regarding gender (p = 0.024), with higher mortality among men. Mortality was significantly
higher in patients with diabetes mellitus (DM) compared to those without (p < 0.001), and
it was also higher in patients with hypertension (p = 0.038). Mortality rates did not differ
significantly among acute myocardial infarction (AMI) types (p = 0.106). However, mortality
was significantly higher in patients with ejection fractions (EFs) below 40% compared to
those with values above 50% (p < 0.001). Additionally, the non-survivor group had a higher
average age. There was no statistically significant difference in PLT values between groups.
The survivor group had higher HGB levels, whereas the WBC, CRP, and creatinine levels
were significantly elevated in the non-survivor group. Among traditional lipid parameters,
HDL-C was higher in survivors, while TG, VLDL-C, LDL-C, non-HDL-C, and TC were
elevated in non-survivors. All non-traditional lipid parameters (AI, AIP, LCI, CRI-I, CRI-II,
and ACI) were also significantly higher in the non-survivor group.

The initial analysis aimed to include all demographic, hematological, biochemical,
and traditional lipid variables in Model 1 to comprehensively evaluate their impact on
survival outcomes. However, to ensure model stability and reliable coefficient estimation,
multicollinearity was assessed using the Variance Inflation Factor (VIF). The results indicate
that while most demographic, hematological, and biochemical variables had VIF values
between 1 and 2, some of the traditional lipid variables exhibited extremely high collinearity.
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Specifically, TG (VIF = 71.189), VLDL-C (VIF = 72.714), and TC (VIF = 14.931) exhibited
severe multicollinearity, whereas LDL-C (VIF = 9.491) and HDL-C (VIF = 1.954) showed
moderate collinearity. To mitigate this issue, TG, VLDL-C, and TC were removed from
the model since their VIF values exceeded 10, indicating a high risk of biased coefficient
estimation. After excluding these variables, multicollinearity was reassessed, confirming
that all remaining variables were within acceptable limits, with the highest VIF value falling
below 1.5. LDL-C, which initially had a moderate VIF (9.491), and it was reassessed after the
removal of highly collinear lipid variables. Its VIF subsequently dropped below 5, ensuring
that its inclusion in the model no longer posed a multicollinearity concern. This ensured
that the regression coefficients remained stable and interpretable. The model retained
the demographic, hematological, and biochemical parameters and the two remaining
traditional lipid variables (HDL-C and LDL-C). Following these adjustments, a logistic
regression analysis was conducted. The regression coefficients, odds ratios, and significance
levels are presented in Table 2.

Table 2. Results of binary logistic regression for Model 1.

Variable Wald Statistics p-Value Exp(Beta)

Age 2.725 0.099 1.028
Gendermale 0.627 0.429 1.340

WBC 13.560 <0.001 *** 1.116
HGB 4.221 0.040 * 0.837
PLT 0.503 0.478 0.999

DMyes 11.078 0.001 *** 0.348
HTyes 0.118 0.731 1.124

AMInon-STEMI 1.549 0.213 0.599
AMIA.INF.MI 0.017 0.895 1.065
EF%40–%50 5.624 0.018 * 0.412

EF<%40 8.023 0.005 ** 0.315
Creatinin 7.324 0.007 ** 1.743

CRP 24.940 <0.001 *** 1.012
HDL-C 36.695 <0.001 *** 0.888
LDL-C 79.662 <0.001 *** 1.054

Constant 6.451 0.011 ** 0.005
DM: diabetes mellitus; HT: hypertension; AMI: acute myocardial infarction; A.Inf.MI: acute inferior myocardial
infarction; EF: ejection fraction; HGB: hemoglobin; PLT: platelet; WBC: white blood cell; CRP: C-reactive protein;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol. ***: Significance at
99.9% confidence level; **: significance at 99% confidence level; *: significance at 95% confidence level.

The WBC count, HGB, DM, EF%40–%50, EF<%40, creatinine, CRP, HDL-C, and LDL-
C levels and the constant coefficient were found to be significant in Model 1 (Table 2).
Higher WBC levels were associated with an increased likelihood of survival, indicating a
significant inverse relationship with mortality risk (OR = 1.116, p < 0.001). Similarly, higher
HGB levels demonstrated a protective effect on survival (OR = 0.837, p < 0.05). Patients
with diabetes had a significantly lower probability of survival compared to non-diabetic
patients (OR = 0.348, p < 0.001). Patients with an ejection fraction (EF) between 40 and
50% had a lower survival probability than those with EF levels above 50% (OR = 0.412,
p < 0.05), while those with EF levels below 40% exhibited an even greater mortality risk
(OR = 0.315, p < 0.01). Creatinine levels, reflecting renal function, emerged as a significant
predictor of survival, with higher creatinine levels being associated with an increased risk of
mortality (OR = 1.743, p < 0.01). CRP levels were also statistically significant, indicating that
elevated CRP values correlated with a higher mortality risk (OR = 1.012, p < 0.001). Among
traditional lipid parameters, HDL-C was inversely associated with mortality risk, with
higher HDL-C levels being linked to greater survival probability (OR = 0.888, p < 0.001). In
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contrast, increased LDL-C levels were associated with a lower likelihood of survival, and
the effect of LDL-C on mortality was statistically significant (OR = 1.054, p < 0.001).

Multicollinearity was evaluated in all models (Models 2–7) before conducting the
logistic regression analysis. In these models, all VIF values were below 1.5, confirming the
absence of multicollinearity issues. The logistic regression models and their results are
presented in Tables 3 and 4.

Table 3. Results of binary logistic regression for Model 2, Model 3, and Model 4.

Variable

Model 2 Model 3 Model 4

Wald
Statistics p-Value OR Wald

Statistics p-Value OR Wald
Statistics p-Value OR

Age 5.609 0.018 * 1.039 4.448 0.035 * 1.031 5.726 0.017 * 1.037
Gendermale 1.752 0.186 1.573 0.998 0.318 1.358 0.211 0.646 1.159

WBC 13.420 <0.001 *** 1.108 15.091 <0.001 *** 1.106 16.435 <0.001 *** 1.118
HGB 2.586 0.108 0.881 3.921 0.048 * 0.864 7.102 0.008 ** 0.815
PLT 0.762 0.383 0.998 0.125 0.724 0.999 0.208 0.648 0.999

DMyes 6.953 0.008 ** 0.447 5.583 0.018 * 0.521 6.534 0.011 * 0.486
HTyes 0.160 0.689 1.139 0.012 0.914 0.969 0.011 0.916 1.033

AMInon-STEMI 1.572 0.210 0.598 2.588 0.108 0.560 2.489 0.115 0.553
AMIA.INF.MI 0.000 0.991 0.995 0.107 0.744 0.872 0.015 0.902 1.055
EF%40–%50 5.779 0.016 * 0.423 12.142 <0.001 *** 0.323 11.301 0.001 ** 0.323

EF<%40 6.389 0.011 * 0.378 8.618 0.003 ** 0.367 9.073 0.003 ** 0.340
Creatinin 4.089 0.043 * 1.481 4.772 0.029 * 1.474 5.145 0.023 * 1.497

CRP 21.192 <0.001 *** 1.010 25.757 <0.001 *** 1.009 27.764 <0.001 *** 1.010
AI 77.598 <0.001 *** 3.512 - - - - - -

AIP - - - 25.542 <0.001 *** 2.129 - - -
LCI - - - - - - 54.190 <0.001 *** 2.147

Constant 4.864 0.027 * 0.017 3.288 0.070 0.048 2.459 0.117 0.064

DM: diabetes mellitus; HT: hypertension; AMI: acute myocardial infarction;A.Inf.MI: acute inferior myocardial
infarction; EF: ejection fraction; HGB: hemoglobin; PLT: platelet; WBC: white blood cell; CRP: C-reactive protein;
AI: atherogenic index; AIP: atherogenic index of plasma; LCI: lipoprotein combined index. ***: Significance at
99.9% confidence level, **: significance at 99% confidence level, *: significance at 95% confidence level.

In Model 2, AI emerges as a significant predictor of in-hospital mortality (OR = 3.512,
p < 0.001), where a one standard deviation increase corresponds to a 251.2% rise in mortality
odds, underscoring the impact of atherogenic load. Other significant factors include age,
WBC, DM, EF, creatinine, and CRP. High WBC and CRP levels suggest a key role of
inflammation, while a reduced EF highlights the importance of cardiac function. Model
3 identifies AIP as a significant predictor (OR = 2.129, p < 0.001), with a 112.9% increase
in mortality odds per standard deviation rise. This reinforces the link between plasma
atherogenicity and mortality. Similarly to Model 2, age, WBC, HGB, DM, EF, creatinine, and
CRP remain significant, suggesting a consistent pattern of predictors. Model 4 introduces
LCI as a predictor (OR = 2.147, p < 0.001), showing a 114.7% increase in mortality odds per
standard deviation rise. Its significance suggests that combined lipid profiles offer a broader
perspective on atherogenic risk. Age, WBC, HGB, DM, EF, creatinine, and CRP also remain
significant, reinforcing the inflammatory process as a crucial factor. In Model 5, the CRI-I is
a key predictor (OR = 3.512, p < 0.001), with a 251.2% increase in mortality odds per standard
deviation rise, emphasizing the influence of the total cholesterol to HDL-C ratio. Age, WBC,
DM, EF, creatinine, and CRP are also significant, further highlighting the role of lipid ratios
in atherogenic risk assessment. Model 6 identifies the CRI-II as the strongest predictor
(OR = 4.149, p < 0.001), with a 314.9% increase in mortality odds per standard deviation
rise. This result underscores the LDL-C to HDL-C ratio’s predictive power, surpassing
total cholesterol ratios. Other significant factors mirror previous models. Finally, Model 7
features ACI (OR = 2.880, p < 0.001), where a one-standard deviation increase was linked to
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an 188.0% rise in mortality odds. This aligns with other atherogenic indices, reinforcing
the combined impact of lipid imbalance and inflammation. Significant predictors include
age, WBC, HGB, EF, and CRP, highlighting the strong interplay between lipid-related
and inflammatory factors. Overall, AI, AIP, LCI, CRI-I, CRI-II, and ACI provide distinct
insights into mortality risk, with the CRI-II, CRI-I, and AI being the strongest predictors.
Inflammation (WBC and CRP) and cardiac function (EF) consistently play crucial roles in
in-hospital mortality among ACS patients.

Table 4. Results of binary logistic regression for Model 5, Model 6, and Model 7.

Variable

Model 5 Model 6 Model 7

Wald
Statistics p-Value OR Wald

Statistics p-Value OR Wald
Statistics p-Value OR

Age 5.609 0.018 * 1.039 3.157 0.076 1.029 5.687 0.017 * 1.037
Gendermale 1.752 0.186 1.573 2.166 0.141 1.688 0.396 0.529 1.220

WBC 13.420 <0.001 *** 1.108 13.561 <0.001 *** 1.112 14.554 <0.001 *** 1.109
HGB 2.586 0.108 0.881 1.841 0.175 0.891 6.649 0.010 * 0.823
PLT 0.762 0.383 0.998 1.038 0.308 0.998 0.176 0.675 0.999

DMyes 6.953 0.008 ** 0.447 10.534 0.001 ** 0.361 3.593 0.058 0.582
HTyes 0.160 0.689 1.139 0.144 0.704 1.136 0.003 0.955 1.017

AMInon-STEMI 1.572 0.210 0.598 1.320 0.251 0.621 3.284 0.070 0.511
AMIA.INF.MI 0.000 0.991 0.995 0.006 0.939 1.037 0.098 0.754 0.874
EF%40–%50 5.779 0.016 * 0.423 3.981 0.046 * 0.480 13.033 <0.001 *** 0.296

EF<%40 6.389 0.011 * 0.378 5.885 0.015 * 0.380 9.302 0.002 ** 0.340
Creatinin 4.089 0.043 * 1.481 5.954 0.015 * 1.642 3.624 0.057 1.423

CRP 21.192 <0.001 *** 1.010 21.607 <0.001 *** 1.010 25.886 <0.001 *** 1.010
CRI-I 77.598 <0.001 *** 3.512 - - - - - -
CRI-II - - - 82.056 <0.001 *** 4.149 - - -
ACI - - - - - - 47.619 <0.001 *** 2.880

Constant 4.864 0.027 * 0.017 3.931 0.047 * 0.021 2.705 0.100 0.059

DM: diabetes mellitus; HT: hypertension; AMI: acute myocardial infarction; A.Inf.MI: acute inferior myocar-
dial infarction; EF: ejection fraction; HGB: hemoglobin; PLT: platelet; WBC: white blood cell; CRP: C-reactive
protein; CRI: Castelli risk index; ACI: atherogenic combined index. ***: Significance at 99.9% confidence level,
**: significance at 99% confidence level, *: significance at 95% confidence level.

The significance results of the seven different logistic regression models created to
determine the extent to which survivors are affected by other variables can be seen in
Table 5. The omnibus test p-value was found to be less than 0.001 in all models. The
established models are significant, with at least one logistic regression coefficient being
different from zero. The p-value of the Hosmer and Lemeshow test was found to be
greater than 0.05 in all models. There is no significant difference between the observed
and expected values in all models. That is, the model data fit is at a sufficient level. When
looking at the Cox and Snell and Nagelkerke R square values, Model 1 has the highest
value (0.281 and 0.573, respectively). This situation indicates that the relationship between
the independent variables in Model 1 and the survivor group is better explained compared
to the other models. Model 3 has the lowest R square value (0.192 and 0.392, respectively).
The R square coefficients for the other models vary between these two values.
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Table 5. The significance results of the models.

Model Omnibus Test
p-Value

Hosmer and Lemeshow
Test p-Value

Cox and Snell
R Square

Nagelkerke
R Square

Model 1 <0.001 *** 0.668 0.281 0.573
Model 2 <0.001 *** 0.909 0.256 0.522
Model 3 <0.001 *** 0.741 0.192 0.392
Model 4 <0.001 *** 0.648 0.215 0.440
Model 5 <0.001 *** 0.909 0.256 0.522
Model 6 <0.001 *** 0.284 0.271 0.552
Model 7 <0.001 *** 0.758 0.216 0.441

***: The significance at a 99.9% confidence level.

In Figure 2, the ROC curves illustrate the predictive accuracy of various non-traditional
lipid indices in distinguishing between the survivor and non-survivor groups among ACS
patients. Each curve represents the sensitivity and specificity trade-off for an individual
index, with a greater area under the curve (AUC) indicating higher discriminative power.
Notably, indices such as the CRI-II, AI, and CRI-I exhibit the largest AUC values, highlight-
ing their strong predictive utility for in-hospital mortality. In contrast, indices with lower
AUC values, like the AIP and ACI, still provide moderate predictive value but show less
distinction between the groups compared to the other indices. These results underscore the
overall importance of non-traditional lipid profiles in enhancing risk stratification efforts
for ACS patients.
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Figure 2. ROC (receiver operating characteristic) curves of non-traditional lipid indices for predicting
in-hospital mortality in ACS patients.

The ROC analysis reveals that the CRI-II, AI, and CRI-I are the most predictive non-
traditional lipid indices for in-hospital mortality in ACS patients (Table 6). With the highest
AUC at 0.842, the CRI-II demonstrates strong discriminative power and the best specificity
(0.817) among the indices, underscoring its utility as a mortality predictor. The AI and
CRI-I follow closely, each with an AUC of 0.822, combining solid sensitivity (0.804) and
moderate specificity (0.687), suggesting that these indices also effectively capture mortality
risk. The LCI, with an AUC of 0.793 and high sensitivity (0.856), shows promise, especially
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as an early risk indicator. Although the ACI and AIP have slightly lower AUC values, their
moderate discriminative power reinforces the overall importance of non-traditional lipid
indices in improving risk stratification for ACS patients.

Table 6. Predictive performance of non-traditional lipid indices for in-hospital mortality in ACS patients.

Variables AUC p-Value Cut-Off Sensitivity Specificity

AI 0.822 <0.001 *** 4.342 0.804 0.687
AIP 0.705 <0.001 *** 0.581 0.804 0.530

LCI (×103) 0.793 <0.001 *** 107.27 0.856 0.608
CRI-I 0.822 <0.001 *** 5.343 0.804 0.687
CRI-II 0.842 <0.001 *** 3.763 0.732 0.817
ACI 0.754 <0.001 *** 2.832 0.804 0.593

AI: atherogenic index; AIP: atherogenic index of plasma; LCI: lipoprotein combined index; CRI: Castelli risk index;
ACI: atherogenic combined index; AUC: area under curve. ***: Significance at 99.9% confidence level.

The pairwise comparison of AUC values in Table 7 reveals significant differences
among several non-traditional lipid indices. The AI shows no statistically significant
differences with the CRI-I but differs from the CRI-II (p = 0.033), indicating a slightly lower
predictive accuracy compared to the CRI-II. Significant differences were observed between
the AIP and most other indices, including the AI, CRI-I, CRI-II, and LCI, underscoring AIP’s
relatively lower discriminative capacity for in-hospital mortality. Additionally, while the
LCI and CRI-I did not differ significantly, a notable distinction was found between the LCI
and CRI-II (p = 0.018), suggesting CRI-II’s superior predictive value. The ACI also differed
significantly from the CRI-II, CRI-I, and AI, indicating some variability in discriminative
power among the indices. These findings indicate that certain indices, such as the CRI-II and
CRI-I, are more aligned in predictive value, whereas the AIP shows comparatively lower
discriminative power, though still valuable. While the CRI-II demonstrated a statistically
significant improvement over the AI (p = 0.033), the absolute difference in AUC was only
0.020. Although this difference reached statistical significance, it remains relatively small
in a clinical context. In practical applications, an AUC improvement of this magnitude
may not necessarily lead to better patient stratification or improved decision-making. Since
all models demonstrated reasonably high AUC values (ranging from 0.705 to 0.842), the
overall predictive power of these indices remains strong. However, future research should
investigate whether these differences translate into meaningful improvements in clinical
outcomes by utilizing Net Reclassification Improvement (NRI) or Integrated Discrimination
Improvement (IDI) metrics.

To assess the robustness of our findings, we calculated the effect sizes (Cohen’s d)
along with their corresponding 95% confidence intervals (CIs) for key non-traditional
lipid indices between the survivor and non-survivor groups. Table 8 summarizes these
results clearly.

These findings indicate that the CRI-II had the largest effect size (d = 1.714,
CI: 1.490–1.939), thus providing the strongest discriminative power for predicting in-
hospital mortality in ACS patients. Similarly, the AI and CRI-I also demonstrated large
effect sizes (both d = 1.574, CI: 1.351–1.796), highlighting their robust prognostic capabilities.
The LCI (d = 1.021, CI: 0.800–1.231) and ACI (d = 0.906, CI: 0.678–1.138) indicated substan-
tial but relatively lower predictive capacities, whereas the AIP exhibited a medium-to-large
effect size (d = 0.693, CI: 0.480–0.906). These effect sizes and their associated confidence
intervals underline the clinical relevance and robustness of non-traditional lipid indices as
valuable tools for improved risk stratification beyond traditional lipid parameters.
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Table 7. Pairwise comparison of AUC values among non-traditional lipid indices for predicting
in-hospital mortality in ACS patients.

Pairs p-Value AUC Difference

AI − AIP <0.001 *** 0.117
AI − LCI 0.099 0.029

AI − CRI-I 1.000 0.000
AI − CRI-II 0.033 * −0.020
AI − ACI <0.001 *** 0.068
AIP − LCI <0.001 *** −0.088

AIP − CRI-I <0.001 *** −0.117
AIP − CRI-II <0.001 *** −0.137
AIP − ACI <0.001 *** −0.049
LCI − CRI-I 0.099 −0.029
LCI − CRI-II 0.018 * −0.049
LCI − ACI <0.001 *** 0.039

CRI-I − CRI-II 0.033 * −0.020
CRI-I − ACI <0.001 *** 0.068
CRI-II − ACI <0.001 *** 0.088

AI: atherogenic index; AIP: atherogenic index of plasma; LCI: lipoprotein combined index; CRI: castelliCastelli
risk index; ACI: atherogenic combined index. ***: Significance at 99.9% confidence level, *: significance at 95%
confidence level.

Table 8. Effect sizes (Cohen’s d) and 95% confidence intervals (CIs) for non-traditional lipid indices.

Variables Cohen’s d 95% CI Lower 95% CI Upper

AI 1.574 1.351 1.796
AIP 0.693 0.480 0.906

LCI (×103) 1.021 0.800 1.231
CRI-I 1.574 1.351 1.796
CRI-II 1.714 1.490 1.939
ACI 0.906 0.678 1.138

4. Discussion
This study provides valuable insights into the predictive power of non-traditional

lipid indices in assessing in-hospital mortality in patients with ACS. In comparing the
survivor and non-survivor groups, a range of demographic, hematologic, biochemical,
and lipid parameters demonstrated statistically significant differences, reflecting the com-
plex interplay of atherogenic, inflammatory, and metabolic factors that contribute to ACS
outcomes. These findings suggest that non-traditional lipid indices could enhance risk
stratification in ACS patients. However, given the retrospective nature of this study, these
results should be interpreted with caution, and additional research is necessary to validate
their role in clinical decision-making.

In line with the established literature, demographic factors such as the male gender,
diabetes mellitus, and hypertension were strongly associated with mortality risk, confirm-
ing their role as major cardiovascular risk factors in ACS [19–21]. Furthermore, a lower
ejection fraction (EF) was correlated with an increased in-hospital mortality risk, consistent
with prior studies indicating that reduced left ventricular function is a strong prognostic
marker in ACS patients [22]. This aligns with the body of evidence linking impaired EF
with adverse outcomes, emphasizing the need for careful monitoring and management
of patients with compromised cardiac function. Inflammatory and biochemical markers,
particularly WBC, CRP, and creatinine levels, were significantly higher in the non-survivor
group. These findings highlight the role of systemic inflammation and organ dysfunc-
tion in ACS mortality as inflammation contributes to plaque instability and subsequent
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ischemic events. Elevated CRP and WBC levels, in particular, indicate heightened inflam-
matory activity, which is increasingly recognized as a key driver of adverse cardiovascular
events [23]. Creatinine, as an indicator of renal function, reflects the burden of end-organ
damage, which has been shown to compound mortality risk in ACS patients [24]. Thus,
these markers reinforce the prognostic importance of inflammation and organ dysfunction
in short-term outcomes.

Traditional lipid parameters further demonstrated notable differences between the sur-
vivor and non-survivor groups, with HDL-C levels being significantly higher in survivors,
and TG, LDL-C, non-HDL-C, and TC levels were increased in non-survivors. These results
align with established knowledge of lipid-driven atherosclerosis, where elevated LDL-C
and TG levels are recognized as atherogenic, while higher HDL-C levels offer protective
cardiovascular effects [25,26]. However, while traditional lipid markers have predictive
value, they often fall short in capturing the full spectrum of atherogenic and inflammatory
processes involved in ACS, highlighting the need for more nuanced lipid indices.

Additionally, evidence suggests that even when LDL-C levels are within optimal
ranges due to lipid-lowering therapy, residual cardiovascular risk remains. This phe-
nomenon, known as “residual risk”, highlights the limitations of relying solely on LDL-C
for risk stratification. Non-traditional lipid indices, by incorporating multiple lipid param-
eters, offer enhanced prognostic value by capturing residual risk factors that may not be
evident through traditional markers alone. In our study, the CRI-II, AI, and CRI-I exhibited
stronger associations with in-hospital mortality compared to traditional lipid markers,
underscoring their potential utility in refining risk assessment in ACS patients.

Thus, the failure of traditional lipid markers to fully encapsulate the multifaceted
nature of atherosclerosis and cardiovascular risk justifies the need for exploring non-
traditional lipid indices, which provide a more holistic and clinically relevant approach to
mortality prediction in ACS patients.

Non-traditional lipid indices reflect the metabolism or interactions between various
lipid fractions. They can be used as predictive indices of atherosclerosis formation, insulin
resistance, hypertension, central obesity, the progression of atherosclerosis, and the occur-
rence of major cardiac and cerebrovascular events (MACCEs) in clinical studies [10–12].
Only a few studies have evaluated the predictive value of atherogenic indices for the occur-
rence of MACCEs and in-hospital mortality in patients after AMI. In a study, the AI, AIP,
and LCI were found to be inadequate in predicting the occurrence of MACEs and all-cause
mortality at a 1-year follow-up in NSTEMI patients over 60 years of age [27]. Another
study evaluated the ratio of CRI-I, CRI-II, and triglycerides to high-density lipoprotein
cholesterol in NSTEMI patients and revealed similar results [28]. The above indices were
used to determine the risk of MACEs or all-cause mortality in NSTEMI patients and do not
reflect the severity of CAD in these patient groups. In another study, the AIP was found to
be an independent risk factor for death in patients with acute myocardial infarction (AMI)
without diabetes mellitus (DM) at a 12-month follow-up. However, the AI, CRI-I, and CRI-II
indices were not found to be independent risk factors for in-hospital death or MACCEs at a
12-month follow-up [13]. Three studies did not fully reflect high-risk patient populations,
and therefore, the results may be statistically insignificant. Our study examined a large
group of patients with STEMI and NSTEMI and all cardiovascular risk factors.

In this context, non-traditional lipid indices, especially the Castelli risk index II (CRI-
II), demonstrated superior performance as mortality predictors, offering a more nuanced
and comprehensive assessment of atherogenic risk. Unlike traditional lipid parameters,
non-traditional lipid indices incorporate ratios that better reflect the balance between pro-
atherogenic and anti-atherogenic lipid particles. The CRI-II, defined as the ratio of LDL-C to
HDL-C, showed the highest predictive value among all non-traditional indices, indicating
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its strong association with in-hospital mortality. This finding is particularly significant as
the CRI-II effectively encapsulates both atherogenic burden (through LDL-C) and protective
lipid fractions (through HDL-C), making it a robust measure of overall lipid-mediated
cardiovascular risk.

The logistic regression models built in this study further illustrate the predictive
capacity of non-traditional lipid indices. Each model demonstrated that non-traditional
lipid markers, particularly the CRI-II, AIP, and AI, provided significant explanatory power
beyond traditional lipid parameters. Since the non-traditional lipid variables were standard-
ized before analysis, the odds ratios (ORs) should be interpreted in terms of one standard
deviation increases rather than one-unit increases in their original scale. This approach
ensures comparability across models and allows for a clearer understanding of the relative
impact of each lipid index on mortality risk. For every one standard deviation increase in
the CRI-II, the odds of mortality increased substantially, highlighting its strong association
with adverse outcomes in ACS patients. This suggests that the CRI-II not only reflects high
levels of atherogenic lipids but also reduces anti-atherogenic protection, emphasizing its
role in identifying patients at a higher mortality risk due to an imbalance in their lipid
profiles. An ROC analysis further validated the discriminative power of the CRI-II as it
achieved the highest area under the curve (AUC) among non-traditional lipid indices. In
pairwise comparisons, the CRI-II exhibited superior accuracy compared to other indices,
including the AI and CRI-I, reinforcing its potential clinical utility as a key non-traditional
marker for mortality risk stratification in ACS patients. Its high AUC value suggests that
the CRI-II can reliably distinguish between high-risk and low-risk patients, supporting its
role as a robust prognostic tool.

In addition to logistic regression and ROC analyses, we calculated effect sizes (Cohen’s
d) along with their 95% confidence intervals to further clarify the magnitude and clinical
significance of differences in lipid indices between survivors and non-survivors. These
analyses demonstrated that the CRI-II exhibited the largest effect size, highlighting its
robustness as a predictor for in-hospital mortality in ACS patients. Similarly, the AI and
CRI-I showed strong clinical relevance with large effect sizes, further emphasizing their
prognostic utility. The consistency between the logistic regression findings, ROC analysis
results, and effect size estimations strengthens the validity and clinical applicability of
non-traditional lipid indices in mortality risk stratification.

While other non-traditional indices, such as the AI and CRI-I, also demonstrated
strong predictive capacity, they did not match the performance of the CRI-II. Neverthe-
less, indices like the AIP, LCI, and ACI, though associated with moderate AUC values,
contributed additional insights into the atherogenic load and vascular risk. Collectively,
these findings support the integration of non-traditional lipid indices with traditional
profiles to enhance risk stratification in ACS. Non-traditional indices, by incorporating lipid
ratios and reflecting the interplay between atherogenic and protective lipids, offer a more
comprehensive view of the atherosclerotic process. These results align with recent studies
suggesting that non-traditional lipid indices can improve risk prediction for cardiovascular
events and mortality by capturing subtler aspects of lipid metabolism and vascular inflam-
mation. Elevated levels of the CRI-II, AI, and AIP may reflect increased small, dense LDL
particles and other lipoprotein subclasses associated with a heightened inflammatory state,
which are not readily discernible through traditional lipid measures alone. By integrating
non-traditional indices, clinicians may gain a more complete picture of lipid-mediated risk
and be better equipped to personalize therapeutic approaches.

In our study, we focused on evaluating the prognostic value of non-traditional lipid
indices, including the CRI-II, AI, AIP, LCI, and ACI, in predicting in-hospital mortality.
These indices provide a refined assessment of atherogenic risk by integrating multiple
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lipid parameters beyond traditional lipid markers, capturing aspects such as lipoprotein
particle composition and metabolic dysregulation. Previous research has demonstrated
that lipid indices, particularly the AIP and CRI-II, correlate with adverse cardiovascular
outcomes; however, direct comparisons with established ACS risk scores were beyond
the scope of this study. We acknowledge the importance of assessing how these indices
compare to scoring systems such as GRACE and TIMI in predictive accuracy. Future
research could involve integrating lipid indices into existing risk models or performing
comparative analyses to determine whether non-traditional lipid indices enhance risk
stratification beyond conventional scoring systems. Such an approach could help refine
risk assessment strategies and potentially improve the early identification of high-risk ACS
patients. Consequently, these indices should not be considered as an alternative to current
risk scoring systems such as GRACE and TIMI, but they can substitute traditional lipid
parameters used in the calculation of these scores.

In our study, patients receiving lipid-lowering therapy at the time of admission were
excluded to minimize the potential confounding effects of these agents on lipid parameters
and atherogenic indices. Statins and other lipid-lowering therapies can significantly alter
lipid profiles, potentially affecting the predictive value of non-traditional lipid indices
in ACS patients. Our aim in excluding patients undergoing such therapy was to assess
the intrinsic prognostic role of these indices without the modifying influence of lipid-
lowering interventions.

Although statistically significant differences in AUC values were observed among
certain indices, the clinical relevance of these findings should be interpreted with caution.
For example, while the CRI-II outperformed the AI with a p-value of 0.033, the AUC
difference was only 0.020. While statistically significant, this small difference may not
be substantial enough to alter clinical decision-making or patient management. Given
that all evaluated indices had relatively high AUC values (ranging from 0.705 to 0.842),
the overall discriminative ability of these models remains strong, and small variations
should be considered in the broader context of clinical applicability. To further assess
whether these differences have a meaningful clinical impact, additional measures such as
Net Reclassification Improvement (NRI) or Integrated Discrimination Improvement (IDI)
could be considered in future studies. These metrics may provide deeper insights into
whether these indices improve patient stratification and lead to better clinical outcomes.

5. Limitations
Our study has several limitations. The retrospective observational design limits causal

inference and may introduce selection bias despite rigorous adjustment for confounding
factors. Being a single-center study, our findings might not be generalizable to broader
patient populations, potentially affecting external validity. Additionally, the retrospec-
tive nature of the study could have resulted in incomplete or inaccurate data collection,
potentially affecting the robustness of our conclusions. Future prospective studies with
larger, multicenter cohorts are warranted to externally validate our findings and elucidate
the mechanistic underpinnings linking non-traditional lipid indices to clinical outcomes
in ACS. Finally, although we provided effect sizes with confidence intervals to enhance
clinical interpretability, external validation in different patient cohorts remains necessary to
confirm the generalizability and practical utility of these non-traditional lipid indices.

Furthermore, as non-traditional lipid indices were standardized before analysis, the
odds ratios in our logistic regression models should be interpreted in terms of one standard
deviation increases rather than one-unit increases in their original scale. While this approach
enhances comparability across models, it may limit direct clinical translation to raw lipid
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index values. Future research should explore alternative modeling approaches that allow
for both standardization and clinically intuitive interpretations of effect sizes.

We acknowledge that factors such as the door-to-balloon time, first medical contact
time (FCT), and specific medications (including antiplatelet and antithrombotic agents) can
significantly influence patient outcomes and may act as potential confounders in our analy-
sis of non-traditional lipid indices. In our study, we primarily focused on the prognostic
value of atherogenic indices in ACS patients independent of immediate procedural and
pharmacological interventions. However, we recognize that these time-sensitive variables
play a crucial role in in-hospital mortality and should ideally be included in predictive
models to ensure a comprehensive risk assessment. While our dataset includes general
information on treatment strategies (e.g., percutaneous coronary intervention vs. medical
management), we acknowledge that detailed analyses of the door-to-balloon time, FCT,
specific medication use, and the distribution of treatment modalities (PCI, bypass surgery,
or medical therapy) were not systematically available due to the retrospective nature of our
study. Likewise, as coronary angiography reports could not be obtained for all patients, it
was not possible to accurately determine and classify the extent of coronary artery involve-
ment (i.e., single-vessel vs. multi-vessel disease). The absence of these detailed treatment
data may limit the comprehensiveness of our analysis.

6. Conclusions
This study demonstrates that non-traditional lipid indices, including the CRI-II, AI,

CRI-I, LCI, ACI, and, AIP, serve as strong predictors of in-hospital mortality in patients with
acute coronary syndrome (ACS). Notably, the CRI-II, CRI-I, and AI exhibited the highest
odds ratios, underscoring their importance in risk stratification for in-hospital mortality.
The significant associations observed between elevated levels of these indices and increased
mortality highlight the need to incorporate non-traditional lipid assessments in clinical
evaluations, particularly in patients with elevated risk.
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