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Background/Aim. The balance between atherogenic and antiatherogenic lipid particles
significantly influences coronary artery disease (CAD), as an imbalance may contribute
to the development and progression of atherosclerosis, which affects the risk and severity
of CAD. This study aims to introduce and validate the atherogenic combined index
(ACI) as a novel lipid biomarker that, comprehensively assesses the balance between
atherogenic and antiatherogenic particles in the blood to effectively reflect the cumulative
atherogenic effect and its association with the presence and severity of CAD.

Material and Methods. In this cross-sectional study, 1,830 patients diagnosed with CAD
and a total of 650 patients without CAD were included in the study cohort for com-
prehensive analysis and comparison. Based on the tertiles of the SYNTAX score (SS),
three subgroups of patients with CAD were identified. ACI and other atherogenic indices
were compared to predict the presence and severity of CAD.

Results. The levels of ACI and other non-traditional lipid markers levels were higher
in the CAD group compared to the non-CAD group (p <0.05, for all). ACI showed a
good linear association with the SYNTAX score (r = 0.527; p <0.001). The multivariate
logistic regression model showed that ACI was an independent predictor of the presence
(OR: 1.602, 95% CI: 1.509-1.701, p <0.001) and severity (OR: 1.296, 95% CI: 1.243-
1.351, p <0.001) of CAD after adjustment for various confounders.

Conclusion. The results suggest that ACI may serve as a promising and stronger tool for
predicting the presence and severity of CAD. © 2024 Instituto Mexicano del Seguro
Social (IMSS). Published by Elsevier Inc. All rights are reserved, including those for
text and data mining, Al training, and similar technologies.
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Introduction

Cardiovascular diseases (CVDs) remain a persistent global
health challenge, with coronary artery disease (CAD) be-
ing a major contributor to morbidity and mortality (1). The
World Heart Federation has recently acknowledged that
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prevention is the most effective way to combat CVD (2,3).
In this context, low-cost, rapid, targeted, non-invasive, and
predictive tools are required to identify individuals at high
risk for CVD events. Molecular biomarkers have been ef-
fectively used as prognostic biomarkers for CVD in large-
scale prospective investigations (4-6). However, the high
cost of their analysis makes it difficult to use these molec-
ular biomarkers in the general population in developing
countries As a result, less expensive options are needed
to identify high-risk groups. Many accessible tools have
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been developed as significant and practical biomarkers to
predict CVD and atherosclerosis (7-9).

Atherosclerosis, a complex process involving lipid de-
position on arterial walls, is a hallmark of CAD (10). The
intricate balance between atherogenic and antiatherogenic
lipoproteins significantly influences the development and
progression of atherosclerosis (11). Traditional lipid pro-
files, including total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), and triglycerides (TG), have long served
as crucial indicators of cardiovascular risk (12). The onset
and progression of CAD have been widely investigated in
relation to dyslipidemia, specifically elevated levels of TC,
TG, LDL-C, and decreased HDL-C (13). Lipid-lowering
therapy has traditionally focused on LDL-C reduction in
clinical practice. However, even after LDL-C levels have
reached recommended ranges, residual cardiovascular risk
remains, and the limitations of conventional lipid indices
necessitate a deeper exploration of novel biomarkers that
provide a more refined understanding of atherogenic bur-
den.

Composite lipoprotein ratios, such as the lipopro-
tein combined index (LCI = TCxTG*LDL-C/HDL-C),
Castelli risk index-I (CRI-I = TC/HDL-C), Castelli risk
index-II (CRI-II = LDL-C/HDL-C), atherogenic index
(AI = non-HDL-C/HDL-C), and atherogenic index of
plasma (AIP = log TG/HDL-C ratio), have recently be-
come more predictive of CAD risk than traditional single
lipid parameters (14-17,9). While previous investigations
have explored markers such as the Al, the AIP, the CRI-I,
the CRI-II, and the LCI, none has comprehensively cap-
tured the intricate dynamics of atherogenic and antiathero-
genic elements in the blood. As a result, we postulated
that using all conventionally measurable atherogenic lipid
profiles as a composite in a single formulation, rather than
a single lipid index, may provide a more comprehensive
assessment of lipid status.

In this context, this study introduces the ACI as a
novel lipid biomarker designed to address the shortcom-
ings of existing non-traditional lipid indices in captur-
ing the nuanced interplay between atherogenic and an-
tiatherogenic particles. The ACI is obtained by a sophisti-
cated logarithmic transformation of the ratio of tradition-
ally measurable atherogenic lipoprotein particles to non-
atherogenic lipid particles, expressed as (TG*non-HDL-
C/HDL-C). This formulation aims to provide a more ac-
curate representation of the cumulative atherogenic effect
in the bloodstream. What distinguishes ACI from exist-
ing indices is its explicit consideration of critical athero-
genic particles, including TG, very low-density lipoprotein
(VLDL), and intermediate-density lipoprotein, which are
often overlooked in current lipid markers. Previous studies
have validated non-traditional lipid markers, including Al,
AIP, CRI-I, CRI-II, and LCI, for CAD. However, there are
shortcomings in these formulations, such as the incom-

plete representation of atherogenic particles like TG and
VLDL, or the inclusion of HDL-C within total cholesterol,
which complicate their accuracy in assessing atherogenic
risk.

This detailed introduction underscores the imperative
to refine lipid biomarkers improving our ability to per-
form predictive assessments of atherosclerotic risk. By
positioning ACI as an innovative approach, this study
aims to make a substantial contribution to the evolv-
ing field of lipid profiling. The investigation of the
predictive value of ACI which incorporates distribu-
tion normalization after logarithmic transformation, rep-
resents a critical step toward improving the accuracy
of lipid-based cardiovascular risk assessment. The re-
sults of this study promise to inform and reshape current
paradigms in the assessment of the presence and severity of
CAD.

Materials and Methods

This multicenter, observational study was conducted at four
centers to evaluate the relationship between non-traditional
lipid parameters and CAD. A total of [Y] patients diag-
nosed with CAD were enrolled from these centers to en-
sure a diverse and representative sample. Inclusion criteria
comprised adults aged 18-75 years with angiographically
confirmed CAD, while exclusion criteria included patients
with severe comorbidities or those receiving lipid-lowering
therapy. Baseline clinical characteristics, including demo-
graphic information, medical history, and laboratory re-
sults, were collected. Echocardiographic evaluations were
performed by two experienced cardiologists from the pri-
mary coordinating center to ensure consistency. The study
was designed to provide a comprehensive analysis of the
role of lipid profile in CAD beyond traditional markers,
with data rigorously analyzed to draw meaningful conclu-
sions.

Study Population

This cross-sectional and observational study enrolled a to-
tal of 2,470 participants from January 2018-June 2023.
The study included 1,830 consecutive patients who under-
went coronary angiography due to non-ST elevation my-
ocardial infarction (NSTEMI), forming the CAD group.
Additionally, 640 consecutive subjects were recruited as
a control group (non-CAD group), carefully matched for
age and sex to the CAD group. These individuals were
confirmed to be free of CAD by both invasive and non-
invasive diagnostic tests. The study was conducted at four
different medical centers to ensure a diverse and repre-
sentative sample. Inclusion criteria comprised individuals
aged 18-75 years diagnosed with CAD by angiography.
Patients with significant comorbidities and those receiv-
ing lipid-lowering therapy were excluded to maintain co-



Atherogenic Combined Index and Coronary Artery Disease 3

hort homogeneity. Comprehensive data collection included
demographic characteristics, medical history, and labora-
tory results. The study aimed to comprehensively analyze
the role of lipid parameters beyond traditional markers in
CAD, using rigorous data analysis to draw meaningful con-
clusions.

According to current guideline recommendations, CAD
was defined as >50% stenosis of at least one epicar-
dial major coronary artery (i.e., >2 mm in diameter)
as determined by coronary angiography (18). The Euro-
pean Heart Journal guidelines state that a combination
of the following factors was used to diagnose NSTEMI:
typical ischemic chest discomfort, a troponin-I level of
>0.01ng/mL, changes in the 12-lead ECG without per-
sistent ST-segment elevation but with ST-segment depres-
sion either permanent or temporal, ST-segment temporal
elevation, inverted or flat T-wave, pseudo-normalization
of the T-wave, or normal ECG (19). The following in-
clusion criteria were used in this study: individuals who
were 18 years or older, and those with at least one ma-
jor epicardial coronary artery with at least 50% diame-
ter stenosis. Exclusion criteria included patients with a
history of cholesterol-lowering medication for more than
one month before admission, incomplete lipid profile data,
moderate to severe hepatic or renal dysfunction, hema-
tological disease, autoimmune disease, malignancy, acute
or chronic inflammatory disease, prior coronary angio-
plasty or coronary artery bypass grafting, thyroid dys-
function, decompensated heart failure, or cardiomyopathy.
The study was approved by the local ethics committee
and was conducted in accordance with the Declaration of
Helsinki.

Data Collection and Laboratory Measurements

Laboratory results, clinical and comorbid characteris-
tics, and demographic information of the study subjects
were taken from hospital patient databases. Data anal-
ysis was performed using laboratory measurements ob-
tained from peripheral venous blood drawn from study
participants after an overnight fast of at least eight
hours. Levels of TG, TC, HDL-C, and LDL-C were
determined by direct enzymatic colorimetry using a
Roche Diagnostics Cobas 6000, ¢501 module (Roche,
Mannheim, Germany) analyzer. The estimated glomerular
filtration rate (e-GFR) was determined using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation.

Calculation of Non-traditional Lipid Profiles

Non-HDL-C levels were calculated by subtracting HDL-
C from TC (non-HDL-C = TC-HDL-C). The atherogenic
index (AI), also known as the atherogenic coefficient, was
obtained by dividing non-HDL-C by HDL-C (AI = non-

HDL-C/HDL-C). The AIP is calculated by logarithmic
transformation of the ratio of TG and HDL-C concen-
trations (log;p [TG/HDL-C]). CRI-I was obtained by di-
viding TC by HDL-C (CRI-I = TC/HDL-C), and CRI-
II was obtained by dividing LDL-C by HDL-C (CRI-
II = LDL-C /HDL-C). The LCI was obtained with the
formula “LCI = TC*TG*LDL-C/HDL-C”.

ACI, which we proposed as a new comprehensive
atherogenic index, was obtained by the logarithmic trans-
formation of the ratio of TG multiplied by non-HDL-C
to HDL-C (ACI = log;o [TG*non-HDL-C/HDL-C]). Be-
cause of non-normal distributions, the analyses used log-
transformed values of TG*non-HDL-C/HDL-C ratio.

Clinical Definitions and Measurements

A previous diagnosis of hypertension or repeated office
blood pressure measurements with a systolic blood pres-
sure of at least 140 mmHg and/or a diastolic blood pressure
of at least 90 mmHg were considered hypertension. A his-
tory of cholesterol-lowering medication usage or the pres-
ence of one of the following four lipid profile measures
after at least eight hours of fasting was used to identify
dyslipidemia: total cholesterol (TC) >200 mg/dL, LDL-C
(low-density lipoprotein cholesterol) >130 mg/dL, HDL-C
(high-density lipoprotein cholesterol) <40 mg/dL in men
and <50 mg/dL in women, and TG >150 mg/dL are the
four parameters considered (20). The criteria for diabetes
mellitus were hemoglobin Alc >6.5%, anti-diabetic med-
ication use, or fasting serum glucose >126 mg/dL. Body
mass index (BMI) is calculated by dividing height (m?) by
weight (kg). Experienced cardiologists used echocardiogra-
phy (Philips Epiq 7 device, Andover, MA, USA) to assess
left ventricular ejection fraction (LVEF) using a modified
Simpson method.

Coronary Angiographic Assessment and Analysis

All coronary angiographic interventions were performed by
experienced invasive cardiologists using the standard Jud-
kins technique (Philips Allura Xper FD10 cardiovascular
X-ray system) via radial or femoral access. The SYNTAX
Score 1 (SS), which is used to determine the severity and
extent of CAD, was assessed using an online calculator
(https://syntaxscore.org/calculator/start.htm). All coronary
lesions causing about 50% stenosis in arteries greater than
1.5 mm in diameter were included in the calculation of
the SS. Based on the tertiles of their SS I, CAD patients
were divided into three subgroups: mild group (0 <SS <9),
moderate group (9 <SS <20), and severe group (>20).
Cardiologists were blinded to patient data during data col-
lection. Angiographic images were evaluated by two expe-
rienced interventional cardiologists. In cases of disagree-
ment, the opinion of a third interventional cardiologist was
sought. For the SYNTAX score evaluation, the intra- and
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inter-observer coefficient of variation were 2 and 3%, re-
spectively.

Statistical Analysis

Analyses were performed with SPSS 26.0 (SPSS Inc.,
Chicago, IL, USA) and MedCalc (trial version 12.7.8,
Mariakerke, Belgium). The Kolmogorov-Smirnov test was
used to test whether the distribution of continuous variables
was normal. The Student’s 7-test or the Mann-Whitney U
test was used to compare continuous variables, depending
on their distribution. The Kruskal-Wallis test was used to
make comparisons between multiple groups for variables
that were not normally distributed, and the ANOVA test
was used for variables that were normally distributed. The
mild CAD group was taken as the reference group (0 <SS
<9). The median (interquartile range) or mean + standard
deviation (SD) was used to represent continuous data. The
mean SD was used for normally distributed variables, and
the median (interquartile range [IQR]) was used for non-
normally distributed data. Categorical variables were pre-
sented as numbers (percentages), and comparisons were
made using Fisher’s exact test or the x2 test, as needed.
The correlation of lipid indexes with CAD severity (with
SYNTAX score) was calculated by Pearson or Spearman
coefficient analysis according to their distribution. Uni-
variate and binary multivariate logistic regression analy-
ses were performed to estimate the associations between
atherogenic lipid indices (AI, AIP, CRI-I, CRI-II, LCI, and
ACI) and the presence and severity of CAD. In logistic
regression analysis, the goodness of fit of the multivari-
ate model was assessed using the Hosmer-Lemeshow test.
To avoid multicollinearity, traditional lipid profiles were
not included in the regression models. Model 1 was unad-
justed. Model 2 was adjusted for body mass index, diabetes
mellitus, hypertension, dyslipidemia, and smoking. Based
on model 2, model 3 was further adjusted for the status of
laboratory results (fasting plasma glucose, creatinine, uric
acid, albumin, C-reactive protein, estimated glomerular fil-
tration rate, and white blood cell count). Based on model
3, model 4 was further adjusted for non-traditional lipid
profiles (Al, AIP, LCI, CRI-I, and CRI-II). The ability of
ACI and other lipid indices to predict and distinguish the
presence and severity of CAD was compared by pairwise
comparison using receiver operating characteristic (ROC)
curve analysis. The Youden J index was used to evaluate
the trade-off between sensitivity and specificity at differ-
ent cut-off points and the one that optimizes both was se-
lected. The best cut-off point was determined as the point
on the ROC curve that yielded the highest Youden J in-
dex. The area under the curve (AUC) between the ACI
and other lipid indices was compared by using Delong’s
test. A p-value less than 0.05 was considered statistically
significant.

Results

Overall Distribution Characteristics of the Study
Population and ACI

A total of 2,470 subjects were included in the study, of
whom 1,830 had CAD and 640 did not. The mean age
of the study population was 58.2 £ 12.5 years, and 1,700
(68.8%) were male. To normalize skewed data, stabilize
variance, linearize relationships, facilitate interpretation of
percentage changes, improve homoscedasticity in regres-
sion models, improve interpretability of multiplicative ef-
fects, and appropriately model variables with exponential
growth models, the logarithmic transformation was ap-
plied to the lipid index formulated with the TG*non-HDL-
C/LDL-C ratio (Figure 1).

Basic Clinical Characteristics of the CAD and Non-CAD
Groups

Basic demographic, clinical, and laboratory data of pa-
tients with and without CAD are summarized in Table 1.
In the CAD group, BMI was higher, and the incidence of
diabetes mellitus, hypertension, dyslipidemia, and smok-
ing were significantly higher compared with the non-CAD
group (p <0.001, for all). While fasting plasma glucose
(FPQG), creatinine, uric acid, C-reactive protein (CRP), and
white blood cells (WBC) were significantly higher in the
CAD group than in the non-CAD group, albumin and esti-
mated glomerular filtration rate (e-GFR) were significantly
lower (p <0.05, for all). Among traditional lipid profiles,
TG (p <0.001), TC (p = 0.011), LDL-C (p = 0.024), and
non-HDL-C (p <0.001) were significantly higher in the
CAD group than in the non-CAD group, while HDL-C (p
<0.001) was lower. In addition, non-traditional lipid in-
dices, Al (4.2 £ 1.5 vs. 3.0 £ 1.3, p <0.001), AIP (0.77
£ 0.28 vs. 0.53 £ 0.32, p <0.001), LCI (74 [44-119] vs.
65 [24-104], p <0.001), CRI-I (4.7 £ 1.5 vs. 4.0 + 1.3,
p <0.001), CRI-IT (3.1 £ 1.0 vs. 2.5 £ 0.8, p <0.001),
and ACI (2.84 + 0.34 vs. 2.41 £ 0.33, p <0.001) values,
were significantly higher in the CAD group than in the
non-CAD group.

Basic Clinical Characteristics of CAD Subgroups (mild,
moderate, severe)

The basic demographic, clinical, and laboratory character-
istics of the patients, who were divided into mild, mod-
erate, and severe subgroups according to the severity of
CAD, are shown in Table 2. Using the mild CAD group
as a reference, the mean age (p = 0.020), male sex
(»p = 0.003), DM (p = 0.022), and smoking frequency
(p = 0.005) were significantly higher in the severe CAD
group. Laboratory results showed that uric acid (p = 0.023)
and CRP (p = 0.002) levels were also significantly higher
in the severe CAD group. Among the traditional lipid pro-
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Figure 1. Histogram A, and normal Q-Q plot B, of the TG*non-HDL-C/HDL-C ratio show a positively skewed distribution. Histogram plot C, and
normal Q-Q plot D, showing the normal distribution of ACI obtained after logarithmic transformation of TG*Non-HDL-C/HDL-C ratio. ACI, atherogenic
combined index, TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol.

files, TG (p <0.001), TC (p <0.001), LDL-C (p = 0.002),
and non-HDL-C (p <0.001) were significantly higher in
the severe CAD group than in the mild CAD group,
while HDL-C (p <0.001) was lower. When non-traditional
lipid profiles were compared between subgroups, the re-
sults showed that Al (p <0.001), AIP (p <0.001), LCI (p
<0.001), CRI-I (p <0.001), CRI-II (p <0.001), and ACI
(» <0.001) values were significantly higher in the severe
CAD group than in the mild CAD group.

Correlation Between Lipid Indices and CAD Severity

In correlation analysis, ACI (r = 0.527, p <0.001), AIP
(0.374, p <0.001), AI (0.305, p <0.001), CRI-T (0.294,
p <0.001), CRI-Il (r = 0.112, p <0.001) and LCI
(r = 0.291, p <0.001) showed a positive correlation with
CAD severity as measured by the SYNTAX score, and

ACI showed a stronger correlation with CAD severity than
other lipid indices (Figure 2).

Associations of Lipid Indices with the Presence and
Severity of CAD

In univariate logistic regression analysis (unadjusted-
model-1), ACI was independently associated with the pres-
ence and severity of CAD when considered as a continu-
ous variable (OR: 1.453, 95% CI: 1.404-1.504, p <0.001;
OR: 1.354, 95% CI: 1.303-1.407, p <0.001; respectively)
and as a categorical variable (OR: 12.324, 95% CI: 8.747-
17.366, p <0.001; OR: 16.452, 95% CI: 12.781-21.178,
p <0.001; respectively). Even after adjusting for potential
confounding factors (model 4), there was still an indepen-
dent relationship between the ACI and the presence and
severity of CAD as a continuous variable (OR: 1.602, 95%
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Table 1. Baseline demographic and clinical characteristics of the non-CAD and CAD groups

Variables Non-CAD group (n = 640) CAD group (n = 1,830) P
Demographics and medical history

Age, years 57 £ 13 58 £ 12 0.123
Sex, male, n (%) 425 (66.4) 1275 (69.7) 0.125
BMI, kg/m? 25.8 £ 3.2 26.6 + 2.2 <0.001
Diabetes Mellitus, n (%) 125 (19.5) 724 (39.6) <0.001
Hypertension, n (%) 164 (25.6) 1038 (56.7) <0.001
Dyslipidemia, n (%) 160 (25.0) 1324 (72.3) <0.001
Smoking, n (%) 151 (23.6) 1128 (61.6) <0.001
Laboratory results

FPG, (mg/dL) 117 £ 33 125 + 125 <0.001
Creatinine, (mg/dL) 0.85 + 0.23 0.88+ 0.25 0.010
Uric acid, (mg/dL) 51+14 52+ 15 0.008
Albumin, (mg/dL) 42 +04 4.1 £ 0.5 0.020
CRP, (mg/dL) 0.40 (0.11-1.03) 1.10 (0.33-1.93) <0.001
e-GFR, (mL/min) 87 (69-97) 92 (78-101) <0.001
WBC, (x1000/mm?) 79 + 3.6 84 4+ 37 0.001
Hemoglobin, (mg/dL) 140 £ 1.6 139 £ 1.8 0.393
Traditional lipid profiles

Triglycerides, (mg/dL) 163 + 88 179 £+ 103 <0.001
TC, (mg/dL) 160 + 34 164 + 38 0.011
HDL-C, (mg/dL) 41 £ 9.8 36 + 10.0 <0.001
LDL-C, (mg/dL) 106 £ 33 109 + 36 0.024
Non-HDL-C, mg/dL 119 + 34 128 + 37 <0.001
Non-traditional lipid profiles

Al 30£13 42 £ 15 <0.001
AIP 0.53 +0.32 0.77 £ 0.28 <0.001
LCI (x1073) 65 (23-104) 74 (44-119) <0.001
CRI-I 40+ 1.3 47+ 15 <0.001
CRI-II 25 £038 3.1+1.0 <0.001
ACI 2.41 £ 0.33 2.84+ 0.34 <0.001

Values are mean + SD; n (%), or median (interquartile range) unless otherwise stated. BMI: body mass index; CAD: coronary artery disease; non-CAD.
non-coronary artery disease; CRP: C- reactive protein; eGFR: estimated glomerular filtration rate; FPG: Fasting plasma glucose; TC: total cholesterol;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; WBC: White blood cells; ACI: atherogenic combined index;
Al atherogenic index; AIP: atherogenic index of plasma; CRI-I, Castelli risk index-I; CRI-II, Castelli risk index-II; LCI: lipoprotein combined index.

CI: 1.509-1.701, p <0.001; OR: 1.296, 95% CI: 1.243—
1.351, p <0.001; respectively) and as a categorical vari-
able (OR: 9.539, 95% CI: 6.988-13.021, p <0.001; OR:
16.606, 95% CI: 12.435-22.175, p <0.001; respectively)
(Table 3).

Predictive Values of Lipid Indices in Detecting the
Presence and Severity of CAD

When ROC curve analysis was performed, the optimal cut-
off value of ACI to predict the presence of CAD was
>2.62 with 74% sensitivity and 73% specificity (AUC:
0.815, 95% CI: 0.795-0.834, p <0.001). When lipid in-
dices, AIP, Al, LCI, CRI-I, CRI-II, and ACI were com-
pared pairwise by ROC analysis to predict the presence of
CAD, ACI was superior to all other lipid indices in predict-
ing the presence of CAD (p <0.001, for all comparisons)
(Figure 3). Moreover, the optimal cut-off value of ACI to
predict CAD severity in ROC curve analysis was >2.95
with 81% sensitivity and 80% specificity (AUC: 0.815, 95
% CI: 0.795-0.834, p <0.001). When lipid indices, AIP,

Al, LCI, CRI-I, CRI-II, and ACI were compared pairwise
with ROC analysis to predict the severity of CAD, ACI
was superior to all other lipid indices in predicting CAD
severity (p <0.001, for all comparisons) (Figure 4).

Discussion

As shown in Figure 1, the frequency distribution of the
ACI obtained after the logarithmic transformation of the
non-HDL-C*TG/HDL-C formulation was by the normal
distribution. This study showed that all atherogenic lipid
indices (AIP, Al, LCI, CRI-I, CRI-II, and ACI) were sig-
nificantly higher in the CAD group than in the non-CAD
group. In addition, all lipid indices showed a positive cor-
relation with CAD severity and were identified as indepen-
dent risk predictors for the presence and severity of CAD.
However, ACI was shown to have a stronger positive cor-
relation and predictive value for the presence and severity
of CAD than other lipid indices (AIP, Al and LCI, CRI-I
and CRI-II). These results suggest that ACI may be su-
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Table 2. Baseline demographic and clinical characteristics of three subgroups for patients with CAD

Variables Mild,* (n = 670) (0 <SS <9)

Moderate, (n = 599) (9 <SS <20)

Severe, (n = 561) (SS >20) )/

Demographics and medical history

Age, years 58.5 £ 12.6
Sex, male, n (%) 452 (67.5)
BMI, kg/m? 26.6 £ 2.1
Diabetes Mellitus, n (%) 240 (35.8)
Hypertension, n (%) 396 (59.1)
Dyslipidemia, n (%) 467 (69.7)
Smoking, n (%) 388 (57.9)
Laboratory results

FPG, (mg/dL) 125 + 46
Creatinine, (mg/dL) 0.86 + 0.21
Uric acid, (mg/dL) 52+£15
Albumin, (mg/dL) 4.13 + 0.49
CRP, (mg/dL) 1.15 (1.04-1.25)
e-GFR, (mL/min) 88 + 18
WBC, (x1000/mm?) 8.6 £ 3.6
Hemoglobin, (mg/dL) 139 £ 1.8
Traditional lipid profiles

Triglycerides, (mg/dL) 143 £+ 99
TC, (mg/dL) 154 + 36
HDL-C, (mg/dL) 39 + 10
LDL-C, (mg/dL) 108 + 36
Non-HDL-C, mg/dL 115 + 34
Non-traditional lipid profiles

Al 3613
AIP 0.66 £+ 0.31
LCI (x1073)° 79 (73-84)
CRI-I 41 +12
CRI-II 29 £09
ACI 26 £03

58.3 £ 12.1 60.2+ 12.5 0.020
401 (66.9) 422 (75.2) 0.003
26.6 £ 2.3 266 £2.3 0.177
240 (40.1) 244 (43.5) 0.022
338 (56.4) 304 (54.2) 0.219
432 (72.1) 417 (74.3) 0.196
365 (60.9) 375 (66.8) 0.005
126 + 48 131 £ 54 0.068

0.89 £+ 0.28 0.88 £ 0.27 0.198
53£15 54 %14 0.023

4.16 = 0.50 4.10 + 0.54 0.085

1.37 (1.26-1.49) 1.41 (1.29-1.53) 0.002
87 £ 19 86 + 17 0.331
83 £ 38 8.4 £ 3.7 0.280

139+ 1.9 139 £ 1.9 0.664
181 + 90 221 £ 105 <0.001
170 £ 38 171 £ 37 <0.001

35+9 34 + 11 <0.001
112 £ 35 116 £ 37 0.002
135 +£34 135 + 39 <0.001
43+ 13 4.7 £ 1.7 <0.001

0.77 £ 0.22 091 +£0.21 <0.001

102 (97-106) 125 (120-131) <0.001
50+ 14 51+ 1.6 <0.001
32£09 33 £1.1 <0.001
2.8 £02 3.0 £ 02 <0.001

CAD: coronary artery disease; FPG: fasting plasma glucose; CRP: C-reactive protein; TC: total cholesterol; TG: triglycerides; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; non-HDL-C: non-high-density lipoprotein cholesterol; Al: atherogenic index; AIP:
atherogenic index of plasma; LCI: lipoprotein combined index; CRI-I: Castelli risk index-I; CRI-II: Castelli risk index-II; ACI: atherogenic combined

index.
2Taken as a reference group;
"Multiplied by 10-3 for easy interpretation.

perior to other lipid indices in assessing the presence and
severity of CAD.

CVDs, particularly CAD, remain a leading cause of
morbidity and mortality worldwide. CAD represents a sig-
nificant proportion of CVDs and imposes a large economic
burden on the healthcare system (21). In this context, early
and accurate identification of individuals at high risk for
CAD, and effective management of the process are of great
importance (22). Cost-effective (non-invasive, inexpensive,
rapid, and specific) diagnostic tools are needed to early
identify individuals at risk for developing CVD and take
protective measures, especially in low- and middle-income
countries (21-23).

Atherosclerosis, a chronic inflammatory process charac-
terized by the accumulation of lipids in the arterial wall,
is a major contributor to CAD. The intricate interplay be-
tween atherogenic and antiatherogenic lipoproteins plays a
crucial role in shaping the atherosclerotic landscape. Tradi-
tionally, lipid profiles, including TC, HDL-C, LDL-C, and
TG, have been central to risk assessment (24-26). How-

ever, the limitations of traditional lipid particles prompt
the exploration of innovative lipid biomarkers that provide
a more nuanced understanding of the atherogenic burden.
Combining traditional lipid particles into different fractions
may help improve cardiovascular risk prediction without
increasing cost. Additionally, a single ratio of atherogenic
and antiatherogenic lipid factors may provide information
on risk factors that are difficult to measure with routine
analysis and may better reflect metabolic and clinical in-
teractions between lipid fractions (27). In this context, the
validation of different lipid indices (AI, AIP, CRI-I, CRI-
II, and LCI) for the development of CVD has been well
established (5-9,14-17,28). However, none of these formu-
lations (AI, AIP, LCI, CRI-I, and CRI-II), which are pre-
pared by combining atherogenic and antiatherogenic par-
ticles in various ratios from the basic lipid profiles in
the blood (TG, HDL-C, LDL-C, TC), completely cover
all measurable atherogenic and antiatherogenic fractions.
Thus, none of these non-traditional lipid profiles may re-
flect the atherogenic and antiatherogenic balance in the
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Figure 2. Representation of the relationship between SYNTAX Score and non-traditional lipid profiles in scatter diagram with heat map; ACI shows a
stronger positive correlation with SYNTAX Score than other non-traditional lipid profiles (Correlation coefficient r: 0.527, p <0.0001). ACI: atherogenic
combined index; Al: atherogenic index; AIP: atherogenic index of plasma; CRI-I, Castelli risk index-I; CRI-II, Castelli risk index-II; LCI: lipoprotein

combined index.

blood. For example, AIP can be obtained by proportioning
TG from atherogenic particles and HDL-C from antiathero-
genic particles (8,9), and it does not consider lipoprotein
particles such as non-HDL-C, which are responsible for

a significant proportion of the atherogenic burden in the
blood (29,30). In this context, since non-HDL-C contains
various atherogenic cholesterol particles such as LDL-C,
VLDL-C, and intermediate-density lipoproteins, it should
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Figure 3. The ACI predicts the presence of CAD with 74% sensitivity
and 73% specificity at the best cut-off value (2.62). When non-traditional
lipid profiles were pairwise compared with ROC analysis to predict the
presence of CAD, the ACI was superior to all other non-traditional lipid
profiles in predicting the presence of CAD. ACI, atherogenic combined
index; Al, atherogenic index; AIP, atherogenic index of plasma; AUC:
area under the curve; CAD: coronary artery disease; CI: confidence in-
terval; CRI-I: Castelli risk index-I; CRI-II: Castelli risk index-II; AAUC:
differences between areas under the curve; LCI, lipoprotein combined
index; ROC: receiver operating characteristic.
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Figure 4. The ACI predicts severe CAD with 81% sensitivity and 80%
specificity at the best cut-off value (2.95). When non-traditional lipid pro-
files were pairwise compared with ROC analysis to predict the severity
of CAD, the ACI was superior to all other non-traditional lipid pro-
files in predicting severe CAD. ACI, atherogenic combined index; Al,
atherogenic index; AIP, atherogenic index of plasma; AUC: area under
the curve; CAD: coronary artery disease; CI: confidence interval; CRI-I:
Castelli risk index-I; CRI-II: Castelli risk index-II; AAUC: differences
between areas under the curve; LCI, lipoprotein combined index; ROC:
receiver operating characteristic.

have a place in lipid formulations to effectively reflect
the atherogenic balance in the blood. Similarly, Al ratios
the atherogenic non-HDL-C particle to the non-atherogenic
HDL-C particle (17) and does not take into account the cu-
mulative effect of a significant atherogenic particle in the
blood, such as TG, on atherosclerosis (31). CRI-I ratio TC
and HDL-C (15). However, in the CRI-I formulation, the
inclusion of HDL-C in TC complicates its reflection of the
antiatherogenic balance, because HDL-C, an antiathero-
genic particle, serves as both the numerator and denomi-
nator, making CRI-I less effective in assessing atherogenic
risk. CRI-II is obtained by dividing the atherogenic LDL-
C particle by the non-atherogenic HDL-C particle (15).
The disadvantage of this formulation is that it does not
include atherogenic particles such as TG and VLDL and
intermediate-density lipoprotein. LCI is obtained by divid-
ing the product of TC, TG, and LDL-C particles by the
antiatherogenic particle HDL-C (32). However, this for-
mulation has some disadvantages in terms of reflecting the
atherogenic balance more accurately, such as the fact that
TC contains HDL-C, which is an antiatherogenic particle,
and LDL-C, which is already included in the formulation.
Therefore, as supported by our results, we think that ACI
can more comprehensively reflect the cumulative, additive,
and synergistic atherogenic and antiatherogenic balance be-
tween traditional lipid fractions and can be effectively used
in CAD risk prediction.

Limitations

This study had some limitations. a) The study design is
cross-sectional, which inherently limits the ability to estab-
lish causality. The observed associations between ACI and
the presence and severity of CAD may be influenced by
confounding variables, and longitudinal studies are needed
to confirm the predictive value of ACI over time. b) Al-
though our study was not a single-center study, the small
number of participating centers may affect the generaliz-
ability of the findings to larger populations. Variations in
patient demographics, lifestyle, and healthcare practices in
different regions may affect the external validity of the re-
sults. ¢) The study included patients who underwent coro-
nary angiography, which may introduce selection bias by
overrepresenting individuals with more severe symptoms
or risk factors. This may affect the generalizability of the
findings to individuals with less severe or asymptomatic
CAD. d) The exclusion criteria, such as the exclusion of
patients with a history of certain medical conditions or in-
terventions, may limit the applicability of the results to
a broader patient population. Generalization of results to
individuals with comorbidities or specific medical histo-
ries should be made with caution. e) The decision not to
include traditional lipid profiles in the regression models
might overlook potential interactions or dependencies be-
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tween ACI and traditional lipid parameters. Future studies
considering a comprehensive analysis including both tra-
ditional and novel lipid indices may provide a more com-
plete picture. f) Log-transformation of lipid indices was
used due to non-normal distributions, which may intro-
duce complexity in the interpretation of results. Although
log transformation is a common statistical approach, its im-
plications on clinical significance should be carefully con-
sidered. g) The study does not explicitly address potential
ethnic or racial differences in the predictive value of ACI.
Given that cardiovascular risk factors may vary among dif-
ferent ethnic and racial groups, the findings may not be
universally applicable. h) Although the study emphasizes
the need for cost-effective diagnostic tools, it does not as-
sess the specific cost-effectiveness of implementing ACI in
routine clinical practice. A comprehensive economic anal-
ysis would be beneficial to evaluate the financial feasibility
of incorporating ACI into cardiovascular risk assessment. 1)
The novel lipid biomarker ACI, while promising, requires
external validation in diverse populations to confirm its
generalizability and reliability across different settings and
patient groups. j) The study focuses primarily on the as-
sociation of ACI with the presence and severity of CAD.
Future research should explore the clinical utility of ACI in
predicting cardiovascular events and outcomes to establish
its role in risk stratification and preventive interventions.

Conclusions

In conclusion, this study validates the ACI as a novel
and robust lipid biomarker for the assessment of CAD.
Derived from a logarithmic transformation of key athero-
genic lipoprotein ratios, the ACI provides a nuanced evalu-
ation of cardiovascular risk by explicitly incorporating TG,
VLDL, and intermediate-density lipoprotein. Elevated ACI
levels were consistently observed in CAD patients com-
pared to controls and strongly correlated with CAD sever-
ity as measured by the SYNTAX score. Multivariate anal-
yses confirmed ACI as an independent predictor of CAD
presence and severity, surpassing established lipid indices
in predictive accuracy. These findings underscore the po-
tential of ACI to improve risk stratification and guide pre-
ventive interventions in clinical practice while highlighting
the need for further longitudinal validation and exploration
in diverse populations to consolidate its clinical utility.
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