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Abstract

Background: The low-density lipoprotein cholesterol (LDL-C)/(high-density lipoprotein C (HDL-C) + direct bilirubin (DBIL)) ratio
has been linked to the development of atherosclerosis. However, the association of this ratio with clinical outcomes in patients with
prior coronary artery bypass grafting (CABG) undergoing percutaneous coronary intervention (PCI) remains unclear. Therefore, this
study aimed to explore whether the LDL/(HDL + DBIL) ratio is predictive of clinical outcomes in this patient group. Methods: We
retrospectively reviewed 1352 patients who underwent re-PCI after CABG surgery and categorized the patients into three groups based
on the third quartile of the ratio levels. The primary endpoint was major adverse cardiovascular and cerebrovascular events (MACCE),
defined as a composite of all-cause death, stroke, myocardial infarction, or target vessel revascularization. Results: During the follow-
up period, the occurrence rate of MACCE in the high ratio group was significantly higher than that in the low to moderate ratio groups
(9.9% vs. 11.4% vs. 20.1%; p < 0.001). This trend was consistent for cardiac death (6.2% vs. 6.2% vs. 9.8%; p = 0.021) and non-fatal
myocardial infarction (3.2% vs. 4.0% vs. 7.4%; p = 0.003). After adjusting for other risk factors, Cox multiple regression analysis
suggested that LDL-C/(HDL-C + DBIL) remained significantly correlated with MACCE (hazard ratio (HR) = 1.33, 95% confidence
interval (CI): 1.186-1.193; p < 0.001) with the high ratio group having the highest risk (HR = 2.331, 95% CI: 1.585-3.427; p < 0.001).
According to the subgroup analysis, the selection of bypass graft or native vascular PCI did not affect the relationship between the ratio
and the occurrence of MACCE. Conclusion: The LDL-C/(HDL-C + DBIL) ratio level is closely related to the risk of long-term MACCE
in patients undergoing PCI after CABG surgery, and the LDL-C/(HDL-C + DBIL) level can be an important indicator for post-PCI risk
assessment.
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1. Introduction

Current coronary artery revascularization techniques
primarily involve coronary artery bypass grafting (CABG)
and percutaneous coronary intervention (PCI) [1]. CABG
serves as the primary treatment for patients with triple-
vessel coronary artery disease and/or left main coronary
artery disease, particularly in diabetic patients. However,
graft vessel (GV) failure, particularly in saphenous vein
grafts (SVGs), is common post-CABG, with failure rates
of SVGs reaching 15%—-20% at 1 year and approximately
50% at 10 years post-surgery [2]. Patients with a history
of CABG often experience rapid progression of atheroscle-
rotic lesions in native coronary artery vessels (NVs) and
GVs, leading to recurrent angina or acute coronary syn-
drome (ACS) events [3,4]. Despite optimal medical ther-
apy, satisfactory clinical outcomes are often elusive, neces-
sitating repeat coronary artery revascularization to amelio-
rate symptoms [5]. However, compared to primary CABG,
patients undergoing repeat CABG face higher mortality
rates and poorer prognoses, particularly due to advanced

age and comorbidities [6]. Consequently, PCI emerges as
the preferred revascularization strategy for patients with a
history of CABG [7].

Recent research has increasingly focused on novel
biomarkers such as low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
and direct bilirubin (DBIL) [8-10]. LDL-C contributes
to the development of atherosclerotic plaques, vascular in-
flammation, and endothelial cell damage, thereby elevating
the risk of major adverse cardiovascular and cerebrovascu-
lar events (MACCE) in patients with coronary artery dis-
ease (CAD) [11]. Conversely, HDL-C exerts diverse bene-
ficial effects by facilitating cholesterol efflux and diminish-
ing cholesterol accumulation in arterial walls [12]. More-
over, HDL-C suppresses inflammation, enhances endothe-
lial function, and displays antioxidant properties, collec-
tively safeguarding endothelial cell integrity and decreasing
the risk of plaque rupture [13—15]. DBIL inhibits oxida-
tive stress and inflammation, reducing free radical produc-
tion and protecting endothelial cell integrity, thereby lower-
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ing plaque rupture and thrombosis risk [16]. Furthermore,
DBIL possesses antiplatelet and anticoagulant properties,
further mitigating MACCE risk in CAD patients [17].

To enhance assessment accuracy, researchers have
proposed the concept of LDL-C/(HDL-C+DBIL) ratio.
This ratio integrates the risk factor LDL-C with the protec-
tive factors HDL-C and DBIL, accounting for the integrated
effects of various potential mechanisms, including choles-
terol metabolism, oxidative stress, and inflammation [18].
A retrospective analysis of data from Chinese CAD patients
published in 2020 found a significant correlation between
LDL-C/(HDL-C+DBIL) ratio and MACCE incidence, with
higher ratios associated with increased MACCE risk and
lower ratios correlated with reduced risk [19]. This study
provided initial evidence for further exploring the relation-
ship between LDL-C/(HDL-C+DBIL) ratio and MACCE
and analyzing its role in pre-PCl risk assessment. Addition-
ally, it offers valuable insights into repeat PCI treatment for
patients with a history of CABG and explores the potential
clinical application of LDL-C/(HDL-C+DBIL) ratio.

2. Materials and Methods
2.1 Study Population

This study is an observational, retrospective study
based on the National Clinical Research Center for Car-
diovascular Diseases (Beijing Anzhen Hospital, Beijing,
China). The study analyzed a total of 1352 eligible pa-
tients who underwent PCI for the first time after CABG at
Beijing Anzhen Hospital affiliated to Capital Medical Uni-
versity from January 2010 to September 2020. This study
was approved by the Ethics Committee of Beijing Anzhen
Hospital affiliated to Capital Medical University and was
conducted in accordance with the principles outlined in the
Helsinki Declaration (Fig. 1).

2.2 Inclusion Criteria

(1) Age >18 years;

(2) Previous CABG followed by subsequent PCI treat-
ment;

(3) Willingness to participate in clinical follow-up.

2.3 Exclusion Criteria

(1) Non-first-time PCI after CABG;
(2) Infectious diseases;

(3) Malignant tumors;

(4) Ejection fraction <30%;

(5) Missing data;

(6) Loss to follow-up.

2.4 Grouping of Patients

(1) Patients were stratified based on their lipid profiles
and bilirubin levels:

e Low ratio group: LDL-C/HDL-C + DBIL <1.82 (n
= 405);

e Middle ratio group: 1.82 < LDL-C/HDL-C + DBIL
< 2.44 (n=405);

e High ratio group: LDL-C/HDL-C + DBIL >2.44 (n
=542).

(2) Patients were also classified based on the type of
PCI performed:

e Native PCI group (n = 1145): This group included
patients who underwent PCI on their native coronary arter-
ies.

e Graft PCI group (n = 207): This group consisted of
patients who underwent PCI on graft vessels.

Notably, patients who received both native vessel PCI
and graft vessel PCI were categorized into the graft PCI
group for analysis purposes. No patients underwent both
left internal mammary artery graft PCI and saphenous vein
graft PCI (SVG-PCI).

2.5 Definition of Covariates

Data was collected retrospectively from medical
records, including demographic information, clinical char-
acteristics, and procedural details. Body mass index (BMI)
was calculated using the formula: weight (kg)/height? (m?).
Coronary angiography and PCI were conducted using ra-
dial and/or femoral artery access through the standard Jud-
kins technique. Angiography was performed in at least two
views to assess the left main coronary artery, left anterior
descending artery, left circumflex artery, and right coronary
artery. Coronary artery lesions were defined by a visual es-
timation of greater than 50% diameter stenosis. Selection
of native vessel or graft vessel for PCI treatment was deter-
mined by the surgical team based on angiographic results
and surgical risks. Follow-up data were obtained through
outpatient visits or by contacting patients directly.

2.6 Laboratory Tests and Examinations

All patients had fasting venous blood drawn for lab-
oratory tests after admission, including measurements of
DBIL high-density lipoprotein (HDL), low-density lipopro-
tein (LDL), triglycerides (TG), total cholesterol (TC), fast-
ing blood glucose, glycated hemoglobin, serum creatinine,
and other laboratory indicators at the Central Laboratory of
Beijing Anzhen Hospital affiliated to Capital Medical Uni-
versity. Left ventricular ejection fraction was measured by
the echocardiography team at Beijing Anzhen Hospital. To
calculate the bilirubin-lipid composite index LDL-C/(HDL-
C+DBIL), the obtained DBIL units were converted to
mmol/L and then combined with HDL-C, i.e., LDL-C
(mmol/L)/[HDL-C (mmol/L)+DBIL (umol/L)/1000].

2.7 Long-Term Follow-up

The primary endpoint was MACCE, defined as a com-
posite of all-cause death, nonfatal stroke, nonfatal myocar-
dial infarction, or target vessel revascularization (TVR).
Secondary endpoints included cardiac death, all-cause
death, nonfatal stroke, nonfatal myocardial infarction, and
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Inclusion criteria:

1.Age>18

2.Previous CABG followed by subsequent PCI
treatment

3.Willingness to participate in clinical follow-up

Exclusion criteria:
1.Non-first-time PCI after CABG
2.Infectious diseases

3.Malignant tumors

4.Ejection fraction <30%
5.Missing data

6.Loss to follow-up

(n=1352)

Eligible Patients for Analysis

Low Ratio Group (n=405)
Middle Ratio Group (n=405)
High Ratio Group (n=542)

(n=1352)

Subgroup Analyses and Interaction Effects

native PCI Group (n=1145)
graft PCI Group (n=207)

Fig. 1. Flowchart of this study.

TVR. Myocardial infarction was defined as elevated lev-
els of cardiac troponin or creatine kinase with ischemic
symptoms or indicative electrocardiographic changes. The
presence of new pathological Q waves in >2 contiguous
leads was also diagnosed as myocardial infarction. Nonfa-
tal stroke was defined as ischemic stroke with evidence of
neurological dysfunction requiring hospitalization and doc-
umented lesions on brain computed tomography or mag-
netic resonance imaging. If stroke, myocardial infarction,
or TVR occurred more than once, the most severe event
(death > stroke > myocardial infarction > TVR) occurring
for the first time was recorded as the clinical endpoint event,
along with the time of occurrence. Endpoint events were
adjudicated independently by at least two cardiologists.

2.8 Statistical Analysis

Data Analysis Statistical analysis was performed us-
ing SPSS (version 24.0; IBM Corporation, Armonk, NY,
USA) and R Programming Language (version 4.1.0; R
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Foundation for Statistical Computing, Vienna, Austria).
Normality of continuous variables was tested, with abso-
lute values of skewness and kurtosis <3 considered to fol-
low a normal distribution. Normally distributed continu-
ous variables were presented as mean + standard deviation.
Between-group comparisons were made using the indepen-
dent samples #-test for two groups and one-way ANOVA
for three or more groups. Non-normally distributed con-
tinuous variables were presented as median (interquartile
range), and between-group comparisons were made using
Mann-Whitney U non-parametric test. Categorical vari-
ables were presented as frequencies and percentages, and
between-group comparisons were made using chi-square
test or Fisher’s exact probability test. All study patients
were divided into native vessel group and graft vessel group
based on the target vessel of PCI, and then the occurrence
of long-term adverse cardiovascular events between groups
was compared. Kaplan-Meier survival curves were used
to compare differences in clinical events among different
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LDL-C/(HDL-C+DBIL) groups, and log-rank test was used
for inter-group difference analysis. Cox multivariate re-
gression model was applied to correct confounding fac-
tors associated with outcomes. The adjusted variables in-
cluded demographic data (age, gender, body mass index,
systolic blood pressure), cardiovascular risk factors (hyper-
tension, dyslipidemia, diabetes, history of prior myocar-
dial infarction, history of prior PCI, heart failure, history of
stroke, chronic kidney disease, family history of coronary
heart disease, clinical diagnosis [stable coronary artery dis-
ease (SCAD), unstable angina (UA), non-ST elevation my-
ocardial infarction (NSTEMI) and ST elevation myocardial
infarction (STEMI)], admission examination (HDL, LDL,
triglycerides, total cholesterol, BMI, and LDL-C/(HDL-
C+DBIL)), medication with drug-eluting stents (DES) im-
planted in each patient, time interval between CABG and
PCI, and medication at discharge. LDL-C/(HDL-C+DBIL)
was included in the model as both a continuous variable and
a tertile categorical variable to analyze.

3. Results
3.1 Patient Characteristics

We analyzed a total of 1352 patients from January
2010 to September 2020, among whom 195 patients ex-
perienced MACCE events (Table 1). It was observed that
the median age of the patients was 65 years (range: 59—
70 years), with median ages of 64 years (range: 59-69
years) for the non-MACCE group and 67 years (range: 62—
72 years) for the MACCE group. The age of patients in
the MACCE group was significantly higher than that of pa-
tients in the non-MACCE group (p < 0.001). However,
there were no significant differences in gender and weight
between the two groups. Further analysis of risk factors
revealed that the occurrence rates of hypertension, hyper-
lipidemia, and diabetes were not significantly different be-
tween the MACCE and non-MACCE groups. However,
the incidence rates of myocardial infarction (MI) history
(p = 0.024) and chronic kidney disease (CKD) (p = 0.001)
were significantly higher in the MACCE group than in the
non-MACCE group. Upon admission, the median levels
of LDL and TC for the overall patients were 2.2 (1.8—
2.8) and 3.8 (3.3—4.5), respectively, with median levels
of 2.2 (1.7—2.7) for LDL and 3.8 (3.3—4.5) for TC in the
non-MACCE group, and 2.4 (1.9—3.2) for LDL and 4.1
(3.5—4.8) for TC in the MACCE group. Significant differ-
ences in LDL and TC levels were observed between the two
groups (p < 0.001). Of particular note, the median LDL-
C/(HDL-C+DBIL) ratio for all patients was 2.2 (1.7—2.8),
with median ratios of 2.2 (1.7—2.8) for the non-MACCE
group and 2.6 (1.9—3.4) for the MACCE group, indicat-
ing a significantly higher level in the MACCE group com-
pared to the non-MACCE group (p < 0.001) (Fig. 2). There
were no similar significant differences in the examination
results for HDL, TG, and BMI between the two groups.
Based on clinical diagnosis data, it was observed that the

odds of MACCE occurrence were similar among patients
with different diagnosis types (SCAD, UA, NSTEMI, and
STEMI), suggesting that clinical diagnosis type may not
have a significant impact on MACCE occurrence. Re-
garding medication at discharge, no significant differences
were found between the MACCE and non-MACCE groups
in the use of statins, aspirin, P2Y 12 receptor antagonists,
or angiotensin II receptor blocker (ARB) or angiotensin
receptor-neprilysin inhibitor (ARNI).

Ak
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Fig. 2. LDL-C/(HDL-C+DBIL) levels in patients with and
without MACCE. MACCE, major adverse cardiac and cere-
brovascular events; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; DBIL, direct biliru-

bin. The symbol ** indicates a p-value less than 0.001.

As shown in Table 2, compared with patients in the
low ratio group, patients in the medium and high LDL-
C/(HDL-C+DBIL) ratio groups were older (p = 0.002), had
higher weight (»p < 0.001), and had significantly higher
prevalence of diabetes (p = 0.030) and MI history (p =
0.005). Based on admission examination results, patients in
the medium and high LDL-C/(HDL-C+DBIL) ratio groups
exhibited significant differences in HDL, LDL, TG, TC,
and BMI indices (p < 0.001). Finally, in terms of clinical
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Table 1. Baseline characteristics of the cohort.

Category All patients (n = 1352) No MACCE (n=1157) MACCE (n=195) p-value
Demographics
Age (years) 65 (59-70) 64 (59-69) 67 (62-72) <0.001
Male sex, n (%) 988 (73.1) 834 (72.1) 154 (79.0) 0.725
Weight (kg) 72 (65-80) 72 (65-80) 72 (64-80) 0.234
Systolic BP (mmHg) 130 (119-140) 130 (119-140) 130 (120-140) 0.083
BMI 26 (24-28) 26 (24-28) 26 (24-28) 0.925
Risk factors, n (%)
Hypertension 984 (72.8) 834 (72.1) 141 (72.3) 0.907
Hyperlipidemia 1346 (99.6) 1153 (99.7) 194 (99.5) 0.567
Diabetes 638 (47.2) 534 (46.2) 102 (52.6) 0.072
History of MI 672 (49.8) 560 (48.4) 111 (57.2) 0.024
Heart failure 93 (6.9) 827 (7.1) 12 (6.1) 0.603
Stroke history 167 (12.4) 138 (11.9) 29 (15.0) 0.389
Chronic kidney disease 53(3.9) 36 (3.1) 16 (8.0) 0.001
Family history of CAD 128 (9.5) 110 (9.5) 18 (9.4) 0.957
Admission examination
HDL mmol/L 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1.0 (0.8-1.1) 0.139
LDL mmol/L 2.2(1.8-2.8) 2.2 (1.7-2.7) 2.4(1.9-3.2) <0.001
TG mmol/L 1.5 (1.1-2.0) 1.5 (1.1-2.0) 1.5 (1.1-2.0) 0.658
TC mmol/L 3.8(3.34.5) 3.8(3.3-4.5) 4.1 (3.54.8) <0.001
DBIL mmol/L 30x 103 (22 x 10341 x103) 3.0x10322x 10341 x103) 2.7x103(2.0x1034.1 x103)  0.034
LDL-C/(HDL-C+DBIL) 2.2 (1.7-2.8) 2.2 (1.7-2.8) 2.6(1.9-3.4) <0.001
Clinical diagnosis
SCAD 38(2.8) 32(2.8) 6(2.8) 0.986
UA 1162 (85.0) 997 (86.2) 165 (77.4) 0.136
NSTEMI 132 (9.6) 99 (8.6) 33 (15.5) 0.125
STEMI 38 (2.8) 29 (2.5) 9(4.2) 0.094
Coronary angiography results and treatment
Number of L/RIMA 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (0.0-1.0) 0.017
Number of SVG 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.778
Number of other arterial bypass grafts 0.0 0.0 0.0 0.378
Number of unclosed L/RIMA grafts 1.0 (0.0-1.0) 1.0 (0.0-1.0) 1.0 (0.0-1.0) 0.140
Number of unclosed SVG grafts 1.0 (0.0-1.0) 1.0 (0.0-1.0) 1.0 (0.0-1.0) 0.966
Number of native stents 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (0.5-2.0) 0.797
Total DES number 1.0 (1.0-2.0) 1.0 (1.0-2.0) 2.0 (1.0-2.0) 0.269
CABG to PCI time (years) 6.0 (3.0-10.0) 6.0 (3.0-10.0) 7.0 (4.0-10.0) 0.003
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Table 1. Continued.

Category All patients (n = 1352) No MACCE (n=1157) MACCE (n=195) p-value
Discharge medication
Statin 1339 (99.1) 1147 (99.1) 192 (98.6) 0.452
Aspirin 1343 (99.3) 1149 (99.3) 193 (99.1) 0.580
P2Y12 receptor antagonist 1341 (99.2) 1147 (99.1) 194 (99.5) 0.553
ARB 364 (26.9) 306 (26.4) 58 (29.6) 0.344
ARNI 17 (1.2) 15(1.3) 2(0.9) 0.665

MACCE, major adverse cardiac and cerebrovascular events; BP, blood pressure; MI, myocardial infarction; PCI, percuta-
neous coronary intervention; L/RIMA, left/right internal mammary artery; SVG, saphenous vein graft; CKD, chronic kidney
disease; CAD, coronary artery disease; DES, drug-eluting stent; CABG, coronary artery bypass grafting; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; TC, total cholesterol; BMI, body mass index; DBIL, direct
bilirubin; SCAD, stable coronary artery disease; UA, unstable angina; NSTEMI, non-ST-segment elevation myocardial in-
farction; STEMI, ST-segment elevation myocardial infarction; ARB, angiotensin II receptor blocker; ARNI, angiotensin
receptor-neprilysin inhibitor.

Table 2. Baseline characteristics and clinical outcomes across different LDL-C/(HDL-C+DBIL) ratios.
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Category Low ratio group (n=  Medium ratio group High ratio group (n p-value (Low p-value (Medium p-value (Low p-value
405) (n =405) =542) vs. Medium) vs. High) vs. High)

Demographics
Age (years) 64 (58-69) 65 (58-70) 66 (61-71) 0.021 0.248 <0.001 0.002
Male sex, n (%) 118 (29.1) 84 (20.7) 138 (25.5) 0.007 0.103 0.230 <0.001
Weight (kg) 70 (63-78) 73 (67-80) 75 (66-80) 0.094 0.048 0.037 <0.001
Systolic BP (mmHg) 129 (117-140) 130 (119-140) 130 (120-140) 0.267 0.340 0.035 0.094
BMI 25 (23-28) 26 (24-28) 26 (25-29) 0.557 0.455 0.403 <0.001

Risk factors, n (%)
Hypertension 287 (70.9) 292 (72.1) 399 (73.6) 0.756 0.606 0.378 0.640
Hyperlipidemia 404 (99.8) 404 (99.8) 539 (99.4) 0.987 0.640 0.640 0.651
Diabetes mellitus 175 (43.2) 180 (44.4) 286 (52.8) 0.777 0.022 0.009 0.030
History of MI 177 (43.7) 205 (50.6) 293 (54.1) 0.057 0.324 0.002 0.005
Heart failure 23 (5.7) 32(7.9) 40 (7.4) 0.264 0.805 0.356 0.387
Stroke history 53 (13.1) 42 (10.4) 78 (14.4) 0.456 0.212 0.757 0.558
Chronic kidney disease 13 (3.2) 12 (3.0) 27 (5.0) 0.979 0.138 0.195 0.528
Family history of CAD 34 (8.4) 37(9.1) 57 (10.5) 0.804 0.511 0.316 0.410
Number of native stents 1(1.0-2.0) 1(1.0-2.0) 1(1.0-2.0) 0.243 0.672 0.412 0.265
Total DES count 1 (1.0-2.0) 1 (1.0-2.0) 1(1.0-2.0) 0.808 0.492 0.686 0.787
Time from CABG to PCI years 5(2.0-9.0) 5(3.0-10.0) 7 (4.0-10.0) 0.006 0.003 0.001 0.002
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Table 2. Continued.

Category Low ratio group (n=  Medium ratio group High ratio group (n p-value (Low p-value (Medium p-value (Low p-value
405) (n=405) =542) vs. Medium) vs. High) vs. High)

Admission examination
HDL mmol/L 1.1(1-1.3) 1(0.9-1.1) 0.9 (0.8-1) <0.001 <0.001 <0.001 <0.001
LDL mmol/L 1.6 (1.4-1.9) 2.1(1.8-2.4) 2.9(2.4-3.4) <0.001 <0.001 <0.001 <0.001
TG mmol/L 1.1 (0.9-1.6) 1.4 (1.1-2) 1.8 (1.3-2.4) 0.357 0.245 <0.001 <0.001
TC mmol/L 3.2(2.9-3.7) 3.8(3.34.1) 4.6 (3.9-5.1) 0.025 0.004 <0.001 <0.001
DBIL mmol/L 3.4 x 1073 (2.6 x 3.1 x 1073 (2.4 x 2.6 x 1073 (1.9 x <0.001 <0.001 <0.001 <0.001

103-4.7 x 1073) 107341 x 1073) 103-3.5 x 1073)

Coronary angiography results and treatment
Number of L/RIMA 1.0 (0.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.008 0.372 0.134 0.052
Number of SVG 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.418 0.335 0.289 0.682
Number of other arterial bypass grafts 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.174 0.236 0.842 0.055
Number of unclosed L/RIMA grafts 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.731 0.541 0.212 0.531
Number of unclosed SVG grafts 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.175 0.379 0.617 0.513
SCAD 16 (4.0) 7(1.7) 14 (2.6) <0.001 <0.001 <0.001 <0.001
UA 260 (64.2) 347 (85.7) 441 (81.4) <0.001 <0.006 <0.001 <0.001
NSTEMI 25(6.2) 39 (9.6) 66 (12.2) <0.001 <0.001 <0.001 <0.001
STEMI 4 (1.0) 12 (3.0) 21(3.9) <0.001 <0.001 <0.001 <0.001

Discharge medications
Statin 403 (99.5) 402 (99.3) 534 (98.5) 0.932 0.369 0.203 0.113
Aspirin 403 (99.5) 403 (99.5) 536 (98.9) 0.991 0.514 0.514 0.389
P2Y 12 receptor antagonist 400 (98.8) 403 (99.5) 538(99.3) 0.451 0.892 0.508 0.465
ARB 105 (25.9) 109 (26.9) 150 (27.7) 0.811 0.825 0.555 0.551
ARNI 5(1.2) 6(1.5) 6(1.1) 0.987 0.825 0.912 0.817

BP, blood pressure; MI, myocardial infarction; PCI, percutaneous coronary intervention; CKD, chronic kidney disease; CAD, coronary artery disease; DES, drug-eluting stent; CABG, coronary
artery bypass grafting; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; TC, total cholesterol; BMI, body mass index; DBIL, direct bilirubin; SCAD, stable coronary
artery disease; UA, unstable angina; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; ARB, angiotensin II receptor blocker; ARNI,
angiotensin receptor-neprilysin inhibitor; L/RIMA, left/right internal mammary artery; SVG, saphenous vein graft.
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Table 3. Long-term follow-up outcomes across different LDL-C/(HDL-C+DBIL) ratios.

Low ratio Medium ratio Highratio p-value (Low  p-value (Medium  p-value (Low  p-value

(n=405) (n=405) (n=542)  vs. Medium) vs. High) vs. High)
MACCE, n (%) 40 (9.9) 46 (11.4) 109 (20.1) 0.724 <0.001 <0.001 <0.001
All-cause mortality, n (%) 26 (6.4) 25(6.2) 53 (6.8) 0.987 0.065 0.085 0.061
Cardiac mortality, n (%) 25(6.2) 25(6.2) 53 (9.8) 0.912 0.065 0.062 0.021
Non-fatal MI, n (%) 13 (3.2) 16 (4.0) 40 (7.4) 0.695 0.041 0.009 0.003
Non-fatal stroke, n (%) 9(2.2) 13 (3.2) 29 (5.4) 0.509 0.162 0.024 0.110
TVR, n (%) 74 (18.3) 69 (17.0) 124 (22.9) 0.737 0.038 0.103 0.051

MACCE, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarction; TVR, target vessel revascularization;

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; DBIL, direct bilirubin.

diagnosis type, patients with UA, NSTEMI, and STEMI
were more common in the medium and high LDL-C/(HDL-
C+DBIL) ratio groups (p < 0.001), while patients in the low
ratio group tended to have SCAD type (p < 0.001).

3.2 Long-Term Follow-up Outcomes

According to Table 3, MACCE events occurred in 195
cases (31.1%) of patients who had undergone CABG and
subsequently received PCI treatment during the follow-up
period. Of these, 40 cases (9.9%) occurred in the low LDL-
C/(HDL-C+DBIL) ratio group, 46 cases (11.4%) occurred
in the medium ratio group, and 109 cases (20.1%) occurred
in the high ratio group. The incidence of MACCE was sig-
nificantly higher in the medium and high ratio groups (p <
0.001) than in the low ratio group. In addition, the three
groups’ risks of all-cause mortality, nonfatal stroke, and
TVR were comparable, but patients in the high ratio group
had a significantly higher risk of cardiac death (p = 0.021)
and nonfatal myocardial infarction (p = 0.003) compared to
those in the low and medium ratio groups.

Kaplan-Meier survival analysis was performed to
compare the cumulative cardiovascular death, all-cause
mortality, nonfatal stroke, myocardial infarction, major ad-
verse cardiac events (MACE), and MACCE rates among
the low, medium, and high LDL-C/(HDL-C+DBIL) ra-
tio groups. As illustrated in Fig. 3, the cumulative out-
comes of cardiovascular death (Log-rank p = 0.034), non-
fatal myocardial infarction (Log-rank p < 0.001), MACCE
(Log-rank p < 0.001), and MACE (Log-rank p = 0.0133)
among the three groups demonstrated significant differ-
ences, whereas the cumulative outcomes of all-cause mor-
tality (Log-rank p = 0.055) and nonfatal stroke (Log-rank p
= 0.087) did not exhibit significant differences (Fig. 3).

3.3 Cox Regression Analysis of Risk Factors for MACCE
Occurrence Post-PCI

In the univariate Cox regression analysis, we inves-
tigated the association between LDL-C/(HDL-C+DBIL)
and MACCE, while incorporating multiple factors such
as age, gender, weight, hypertension, hyperlipidemia, di-
abetes, and BMI. As shown in Table 4, the LDL-C/(HDL-
C+DBIL) ratio demonstrated a significant correlation with

Table 4. Univariable Cox regression analysis for predictors of
long-term outcomes.

Frequency = HR (95% CI)  p-value

Age 1.048 (1.028-1.072) <0.001
Weight 0.992 (0.979-1.005) 0.247
BMI 0.990 (0.947-1.035) 0.661
Gender

Female 328 Reference

Male 999  0.850 (0.628-1.151) 0.294
Hypertension

No 372 Reference

Yes 955 1.053 (0.780-1.442) 0.736
Hyperlipidemia

No 5 Reference

Yes 1322 0.662 (0.093-4.726) 0.681
Diabetes mellitus

No 704 Reference

Yes 623 1.353 (1.034-1.772) 0.028
LDL-C/(HDL-C+DBIL)

<1.82 405 Reference

1.82-2.44 405 1.054 (0.705-1.575) 0.797
>2.44 542 1.727 (1.225-2.436) 0.002

HR, hazard ratio; CI, confidence interval; BMI, body mass in-
dex; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; DBIL, direct bilirubin.

the incidence of MACCE. The risk of an event was signifi-
cantly increased for the individual, especially in the high ra-
tio group (hazard ratio (HR) =1.727, 95% CI: 1.225-2.436,
p = 0.002). This result suggests that the LDL-C/(HDL-
C+DBIL) ratio may serve as an important biomarker with
predictive value for MACCE occurrence.

We applied multivariate Cox regression to adjust for
other confounding factors. In Table 5, age, weight, BMI,
gender, hypertension, hyperlipidemia, and diabetes were all
taken into account in the analysis. LDL-C/(HDL-C+DBIL)
remained significantly associated with MACCE after con-
trolling for other variables (HR = 1.33, 95% CI: 1.186—
1.193, p < 0.001). Following the stratification of LDL-
C/(HDL-C+DBIL) into tertiles, individuals in the high ra-
tio group had the highest risk of MACCE, with a hazard
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Fig. 3. Kaplan-Meier survival analysis of LDL-C/(HDL-C+DBIL) levels and (A) cardiovascular death, (B) all-cause mortality,
(C) non-fatal stroke, (D) myocardial infarction, (E) MACE, and (F) MACCE. MACCE, major adverse cardiovascular and cere-
brovascular events; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; DBIL, direct bilirubin;

MACE, major adverse cardiac events.

ratio of 2.331 (95% CI: 1.585-3.427, p < 0.001). While
individuals in the medium ratio group showed an increas-
ing trend in MACCE risk, the difference was not significant
(HR =1.188, 95% CI: 0.769-1.835, p = 0.439). In conclu-
sion, LDL-C/(HDL-C+DBIL) continues to be an indepen-
dent predictor of MACCE occurrence even after controlling
for other confounding variables.

3.4 LDL-C/(HDL-C+DBIL) Levels in Patients Undergoing
Native PCI and Graft PCI

To investigate the differential expression of LDL-
C/(HDL-C+DBIL) in patients undergoing PCI with grafts
versus native vessels, we divided patients into two groups:
the native PCI group and the graft PCI group. As depicted in
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Fig. 4, the LDL-C/(HDL-C+DBIL) ratio was significantly
lower in the native PCI group compared to the graft PCI
group (p =0.0061).

Considering variations in baseline risk profiles among
patients, this study conducted subgroup analyses to as-
sess the predictive value of LDL-C/(HDL-C+DBIL) for
MACCE risk across different baseline levels [age (<60
years vs. >60 years), gender (male vs. female), hyperten-
sion (present vs. absent), diabetes (present vs. absent), and
target vessel for stent placement (in-situ graft vs. CABG)].
As illustrated in Fig. 5, there was no significant interaction
between LDL-C/(HDL-C+DBIL) and age, gender, hyper-
tension, diabetes, and target vessel for stent placement.
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Table 5. Multivariable Cox regression analysis for predictors

of long-term outcomes.

Frequency  HR (95% CI)  p-value

Age 1.050 (1.026-1.044) <0.001
Weight 0.983 (0.953-1.014) 0.291
BMI 1.050 (0.955-1.155) 0.315
Gender

Female 328 Reference

Male 999 1.264 (0.780-2.047) 0.342
Hypertension

No 372 Reference

Yes 955  0.885(0.627-1.249) 0.487
Hyperlipidemia

No 5 Reference

Yes 1322 0.822 (0.087-7.794) 0.865
Diabetes mellitus

No 704 Reference

Yes 623 1.285 (0.946-1.745) 0.109
LDL-C/(HDL-C+DBIL)

<1.82 405 Reference

1.82-2.44 405 1.188 (0.769-1.835) 0.439
>2.44 542 2.331(1.585-3.427) <0.001

HR, hazard ratio; CI, confidence interval; BMI, body mass in-
dex; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; DBIL, direct bilirubin.

4. Discussion

This study employed a large-sample, single-center,
observational, retrospective design to investigate the rela-
tionship between LDL-C/(HDL-C+DBIL) levels and the
incidence of MACCE among patients with prior history
of CABG undergoing PCI. LDL-C/(HDL-C+DBIL) level
emerged as a significant risk factor, with higher levels cor-
relating with increased incidence of MACCE. Although
LDL-C/(HDL-C+DBIL) levels in the native PCI group
were significantly lower than those in the graft PCI group,
the effect of LDL-C/(HDL-C+DBIL) on MACCE is consis-
tent whether the target vessels are native arteries or grafts.

Serum biochemical factors are considered auxiliary
indicators for assessing the presence of atherosclerotic
plaques [20]. In 1994, Schwertner et al. [21] first reported
an inverse relationship between total bilirubin (TBIL) levels
and the prevalence of CAD in a cross-sectional study. Sub-
sequent epidemiological studies have consistently demon-
strated that low serum bilirubin concentrations are indepen-
dently associated with an increased risk of CAD, suggest-
ing that bilirubin may have protective cardiovascular effects
[22]. The relationship between bilirubin and lipoproteins,
particularly in the context of lipid metabolism, remains
of great interest in understanding the pathophysiology of
atherosclerosis.  Bilirubin, a byproduct of hemoglobin
degradation, plays a multifaceted role in lipid metabolism.
On one hand, bilirubin has been shown to facilitate the dis-
solution and excretion of TC, thereby reducing LDL lev-
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P=0.0061

LDL-C/(HDL-C+DBIL)

Fig. 4. LDL-C/(HDL-C+DBIL) levels of native vessel PCI
and bypass graft PCL. PCI, percutaneous coronary interven-
tion; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; DBIL, direct bilirubin. The sym-

bol ** indicates a p-value less than 0.01.

els and increasing HDL content [23]. Elevated levels of
small, dense LDL particles and oxidized LDL are known
to penetrate the arterial wall, promoting cholesterol crystal-
lization and plaque formation, which are key mechanisms
in the development of atherosclerosis and cardiovascular
disease [24]. On the other hand, bilirubin serves as a po-
tent endogenous antioxidant, exerting protective effects by
reducing the oxidative modification of LDL. The oxida-
tion of LDL is a pivotal process in atherogenesis, as oxi-
dized LDL (oxLDL) triggers endothelial dysfunction, pro-
motes foam cell formation, and induces inflammatory re-
sponses in the arterial wall, all of which accelerate the de-
velopment of atherosclerotic plaques. Bilirubin, through its
antioxidant properties, scavenges reactive oxygen species
(ROS) and other free radicals that initiate LDL oxidation.
By preventing LDL oxidation, bilirubin reduces the for-
mation of oxLDL, thus mitigating its atherogenic potential
and the downstream inflammatory cascade [25]. Addition-
ally, HDL, commonly referred to as “good cholesterol”, is
recognized for its role in reverse cholesterol transport, an-
tioxidant properties, and anti-inflammatory effects. HDL
not only facilitates the removal of excess cholesterol from
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Fig. 5. Post hoc subgroup analysis results for the primary endpoint (risk of MACCE) stratified by age (<60 years vs. >60

years), gender (male vs. female), hypertension (absent vs. present), diabetes (absent vs. present), and target vessel selection for

stent placement (native vessel vs. bypass graft). HR, hazard ratio; CI, confidence interval; PCI, percutaneous coronary intervention;

MACCE, major adverse cardiovascular and cerebrovascular events.

the arterial wall but also mitigates oxidative stress and in-
flammation in the vascular endothelium, further protect-
ing against atherosclerotic disease [26]. The combined ef-
fects of HDL and bilirubin, particularly when expressed
in a composite ratio such as LDL/(HDL+DBIL), may of-
fer a more comprehensive reflection of cardiovascular risk.
This ratio could represent the synergistic interplay between
HDL’s anti-atherogenic properties and bilirubin’s antioxi-
dant and anti-inflammatory functions, potentially providing
a more robust predictor of cardiovascular health.

The majority of patients in this cohort were treated
with statins (99.1%), which are known to effectively lower
LDL-C and TC levels [27]. Moreover, lipid metabolism
and bilirubin metabolism are closely interconnected, as
both processes are primarily regulated by the liver. Lipid-
lowering therapies, particularly statins, have been shown to
elevate bilirubin levels, which in turn may contribute to a
reduced incidence of MACCE in patients [28].

In patients with a history of combined CABG, early
graft failure, particularly in SVGs, is primarily attributed
to surgical factors, including anastomotic stenosis and vas-
cular endothelial injury, which can lead to acute thrombo-
sis, intimal hyperplasia, and fibrosis. Late graft failure is
predominantly due to the progression of atherosclerotic le-
sions, resulting in luminal narrowing or complete occlusion
[29,30]. Furthermore, underlying patient conditions, such
as diabetes, hypertension, and hyperlipidemia, accelerate
the process of atherosclerosis and create a more unfavor-
able environment for the grafts. Diabetes, in particular, is
associated with an increased risk of graft failure, largely due
to its adverse effects on endothelial function and microvas-
cular circulation [31]. Additionally, the choice of graft
material—whether arterial or venous—can significantly in-
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fluence graft patency, with arterial grafts typically exhibit-
ing superior long-term outcomes compared to venous grafts
[32]. The duration of surgery can also affect liver function,
which plays a key role in processing medications and re-
covery. Prolonged surgery may lead to hepatic stress, alter-
ing drug metabolism and impacting patient recovery [33].
Additionally, medications such as anticoagulants and an-
tiplatelets, used during and after CABG, can affect graft
patency and liver function [34]. Chronic medication use
may contribute to hepatic dysfunction, influencing cardio-
vascular disease progression. Therefore, evaluating liver
function before and after CABG is crucial when assessing
PCI outcomes and making treatment decisions.

The 2018 European Society of Cardiology (ESC)
myocardial revascularization guidelines recommend native
vessels as the preferred target for intervention in patients
with failed grafts [35]. However, there remains controversy
regarding the comparative outcomes of PCI using native
vessels versus graft vessels. The ARTS-II trial, a random-
ized controlled study in post-CABG patients, aimed to com-
pare the efficacy of PCI using native vessels versus graft
vessels [36]. Over a 5-year follow-up period, there was no
significant difference in MACCE between the native vessel
PCI group and the graft vessel PCI group, with rates of 36%
and 31% respectively. Furthermore, the native vessel PCI
group had a slightly higher mortality rate than the graft ves-
sel PCI group, but lower rates of myocardial infarction and
repeat revascularization. Similarly, the 2019 EXCEL trial
published in the Lancet demonstrated comparable MACCE
rates for patients undergoing PCI using native vessels or
graft vessels following left main coronary artery stenosis
[37]. With 1905 patients enrolled, comprising 948 receiv-
ing native vessel PCI and 957 receiving graft vessel PCI,
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there was no statistically significant difference in MACCE
rates between the two groups over a three-year follow-up
period (15.4% vs. 14.7% respectively). Additionally, the
native vessel PCI group exhibited a slightly higher mor-
tality rate compared to the graft vessel PCI group (5.3%
vs. 3.0%), but lower rates of myocardial infarction and
stroke. These findings provide valuable insights suggesting
that while there may be no significant difference in reducing
MACCE between native vessel PCI and graft vessel PCI in
post-CABG patients, each approach may offer advantages
in specific outcomes. Some studies have begun explor-
ing potential biomarkers such as high-sensitivity C-reactive
protein (hs-CRP), cardiac troponin T (cTnT), and B-type
natriuretic peptide (BNP) [38—41]. These biomarkers are
closely associated with the development and progression of
cardiovascular disease and may guide the choice of inter-
vention. Alternatively, imaging modalities like computed
tomography and magnetic resonance imaging can provide
specific parameters to assist in treatment decision-making
[42]. However, there is currently no definitive biomarker to
guide the choice between native vessel PCI and graft vessel
PCI in post-CABG patients. The LDL-C/(HDL-C+DBIL)
ratio has shown potential in assessing the risk and prog-
nosis of cardiovascular disease, suggesting it as a possible
biomarker. This study investigated the differences in LDL-
C/(HDL-C+DBIL) ratio between patients undergoing na-
tive vessel PCI and graft vessel PCI, and analyzed its re-
lationship with MACCE rates. Results showed a signif-
icant difference in LDL-C/(HDL-C+DBIL) ratio between
the two groups, with the graft vessel PCI group exhibit-
ing higher ratios, indicating higher cardiovascular risk fac-
tors prior to PCI. Further univariate Cox regression anal-
ysis and subgroup analysis revealed a positive correlation
between LDL-C/(HDL-C+DBIL) ratio and MACCE rates
in the native vessel PCI group, suggesting an increase in
the ratio was associated with higher MACCE rates. How-
ever, in the graft vessel PCI group, an increase in LDL-
C/(HDL-C+DBIL) ratio did not show a significant associa-
tion with cardiovascular MACCE rates. This indicates that
the LDL-C/(HDL-C+DBIL) ratio may have different ef-
fects on MACCE rates between native vessel treatment and
graft vessel treatment. These findings are consistent with
previous studies suggesting that MACCE rates may not sig-
nificantly differ between different treatment groups. We
also highlight the potential role of LDL-C/(HDL-C+DBIL)
levels in guiding treatment selection and assessing patient
prognosis.

5. Limitation

The increasing proportion of CABG procedures ob-
served in recent years raises important questions about the
underlying causes of this trend. While some of this in-
crease can be attributed to the growing prevalence of CAD
and the aging population, advancements in surgical tech-
niques and patient selection criteria also play a key role.
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With the improvement in grafting methods, such as the
widespread adoption of ITA and the development of hybrid
procedures, more patients are eligible for CABG who may
have previously been considered inoperable or at high risk
for complications [43,44]. These technical advancements
contribute to the expanding role of CABG as a primary in-
tervention for coronary artery disease, thus explaining the
increased proportion of cases in clinical settings. The sta-
tistical findings presented in this study reflect the expand-
ing indications for CABG and its growing acceptance as
a viable treatment option. However, to ensure that these
findings are not merely statistical artifacts, it is crucial to
evaluate whether the increase in CABG procedures truly
translates into improved patient outcomes, particularly in
terms of post-operative recovery and long-term survival.
This evaluation requires integrating several key factors, in-
cluding the technical aspects of CABG, surgical duration,
the use of specific medications, and the rationale behind
the increasing number of CABG procedures. By consider-
ing these elements, a more comprehensive understanding of
the impact of CABG on patient outcomes can be achieved.
The data was collected from past records without random-
ization. This design may introduce selection bias, which
could impact the generalizability of the findings. While
the study establishes an association between LDL-C/(HDL-
C+DBIL) and MACKCE, it does not explore the underlying
biological mechanisms or modes of action, making it dif-
ficult to draw definitive conclusions about the cause-and-
effect relationship between these biomarkers and MACCE.
Therefore, the study’s design prevents a deeper insight into
how LDL-C/(HDL-C+DBIL) levels influence cardiovascu-
lar outcomes, highlighting the need for further research to
investigate these mechanisms and validate the observed as-
sociation. Additionally, an important limitation is the ab-
sence of a control group. All participants in this study un-
derwent coronary revascularization (PCI), and there was no
comparison with a group of patients who did not undergo
the procedure. The lack of a control group makes it difficult
to assess whether LDL-C/(HDL-C+DBIL) levels indepen-
dently contribute to MACCE, or if the observed associa-
tion is confounded by the effects of coronary revasculariza-
tion. Including a control group, such as patients who did not
undergo revascularization, would allow for a more robust
comparison and provide a clearer understanding of the role
of these biomarkers, independent of the treatment received.
Finally, this study focused on a single-center cohort, which
may limit the generalizability of the findings to different
populations. To confirm the robustness of the results, fu-
ture studies should adopt a longer-term, more diverse re-
search design with larger sample sizes and additional con-
trol groups, which will help provide a more comprehensive
understanding of the role of LDL-C/(HDL-C+DBIL) in car-
diovascular disease and MACCE.
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6. Conclusion

This study found that the levels of LDL-C/(HDL-
C+DBIL) were positively correlated with the occurrence
of MACCE events in the population, with increasing age
and diabetes being closely associated with MACCE event
rates. When undergoing PCI again after CABG surgery,
the LDL-C/(HDL-C+DBIL) levels had different effects on
cardiovascular MACCE event rates depending on the tar-
get vessel. In the native vessel PCI group, LDL-C/(HDL-
C+DBIL) levels were positively correlated with MACCE
event rates, whereas in the graft vessel PCI group, an in-
crease in LDL-C/(HDL-C+DBIL) did not show a signifi-
cant association with cardiovascular MACCE event rates.
LDL-C/(HDL-C+DBIL) levels serve as an important indi-
cator for predicting cardiovascular event risk, particularly
in risk assessment prior to PCI treatment, holding signifi-
cant clinical relevance. These findings offer new directions
for the prevention and management of cardiovascular dis-
eases, providing valuable reference for clinical practice and
further research endeavors.

Abbreviations

ACS, acute coronary syndrome; BMI, body mass in-
dex; CABG, coronary artery bypass grafting; CAD, coro-
nary artery disease; CRP, C-reactive protein; DBIL, di-
rect bilirubin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; MACCE, major adverse cardiac and
cerebrovascular events; MACE, major adverse cardiac
events; NSTEMI, non-ST elevation myocardial infarction;
PCI, percutaneous coronary intervention; SVGs, saphenous
vein grafts; SCAD, stable coronary artery disease; STEMI,
ST-elevation myocardial infarction; TC, total cholesterol;
TVR, target vessel revascularization; UA, unstable angina.

Availability of Data and Materials

The datasets generated and analyzed during the cur-
rent study are available from the corresponding author on
reasonable request. Additionally, any materials used in the
study are available upon request.

Author Contributions

XY wrote the entire manuscript. MR was responsi-
ble for organizing the data. QL and ZY conducted the
statistical analysis. LY contributed to the revision of the
manuscript. ZW ensured that the research direction was
correctly guided. YZ designed the study and revised the
manuscript critically for important intellectual content. All
authors contributed to the conception and editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

&% IMR Press

Ethics Approval and Consent to Participate

The study was carried out in accordance with the
guidelines of the Declaration of Helsinki and approved by
the institutional review board of Beijing Anzhen Hospital,
Capital Medical University (No. 2022084X) and informed
consent was waived due to the retrospective nature of this
study. All personal information regarding patient identity
was removed.

Acknowledgment
No applicable.

Funding

This work was supported by Beijing Municipal Natu-
ral Science Foundation, General Program (7232039).

Conflict of Interest

The authors declare no conflict of interest. Yujie Zhou
is serving as Editor-in-Chief of this journal, and Zhijian
Wang is serving as one of the Editorial Board members of
this journal. We declare that Yujie Zhou and Zhijian Wang
had no involvement in the peer review of this article and
have no access to information regarding its peer review.
Full responsibility for the editorial process for this article
was delegated to Lloyd W. Klein.

References

[1] Kumar A, Priya, Khatri G, Hasan MM. CABG versus PCI:
What is the optimal strategy for multi-vessel disease? Annals
of Medicine and Surgery (2012). 2022; 81: 104354. https://doi.
org/10.1016/j.amsu.2022.104354.

[2] Li P, Chang Y, Song J. Advances in preclinical surgical ther-
apy of cardiovascular diseases. International Journal of Surgery
(London, England). 2024; 110: 4965—4975. https://doi.org/10.
1097/3S9.0000000000001534.

[3] Dong S, Zhao Z, Huang X, Ma M, Yang Z, Fan C, et al.
Triglyceride-glucose index is associated with poor prognosis in
acute coronary syndrome patients with prior coronary artery by-
pass grafting undergoing percutaneous coronary intervention.
Cardiovascular Diabetology. 2023; 22: 286. https://doi.org/10.
1186/s12933-023-02029-6.

[4] Kwiecinski J, Tzolos E, Fletcher AJ, Nash J, Meah MN, Cadet
S, et al. Bypass Grafting and Native Coronary Artery Disease
Activity. JACC. Cardiovascular Imaging. 2022; 15: 875-887.
https://doi.org/10.1016/j.jemg.2021.11.030.

[5] Kawashima H, Serruys PW, Ono M, Hara H, O’Leary N, Mack
MJ, et al. Impact of Optimal Medical Therapy on 10-Year Mor-
tality After Coronary Revascularization. Journal of the Ameri-
can College of Cardiology. 2021; 78: 27-38. https://doi.org/10.
1016/j.jacc.2021.04.087.

[6] Nikolsky E, McLaurin BT, Cox DA, Manoukian SV, Xu K,
Mehran R, et al. Outcomes of patients with prior coronary
artery bypass grafting and acute coronary syndromes: analysis
from the ACUITY (Acute Catheterization and Urgent Interven-
tion Triage Strategy) trial. JACC. Cardiovascular Interventions.
2012; 5: 919-926. https://doi.org/10.1016/j.jcin.2012.06.009.

[7] Kolh P, Windecker S, Alfonso F, Collet JP, Cremer J, Falk V,
et al. 2014 ESC/EACTS Guidelines on myocardial revascular-
ization: the Task Force on Myocardial Revascularization of the

13


https://doi.org/10.1016/j.amsu.2022.104354
https://doi.org/10.1016/j.amsu.2022.104354
https://doi.org/10.1097/JS9.0000000000001534
https://doi.org/10.1097/JS9.0000000000001534
https://doi.org/10.1186/s12933-023-02029-6
https://doi.org/10.1186/s12933-023-02029-6
https://doi.org/10.1016/j.jcmg.2021.11.030
https://doi.org/10.1016/j.jacc.2021.04.087
https://doi.org/10.1016/j.jacc.2021.04.087
https://doi.org/10.1016/j.jcin.2012.06.009
https://www.imrpress.com

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

14

European Society of Cardiology (ESC) and the European Asso-
ciation for Cardio-Thoracic Surgery (EACTS). Developed with
the special contribution of the European Association of Percu-
taneous Cardiovascular Interventions (EAPCI). European Jour-
nal of Cardio-thoracic Surgery: Official Journal of the European
Association for Cardio-thoracic Surgery. 2014; 46: 517-592.
https://doi.org/10.1093/ejcts/ezu366.

Rosenson RS, Brewer HB, Jr, Davidson WS, Fayad ZA, Fuster
V, Goldstein J, et al. Cholesterol efflux and atheroprotection:
advancing the concept of reverse cholesterol transport. Circu-
lation. 2012; 125: 1905-1919. https://doi.org/10.1161/CIRCUL
ATIONAHA.111.066589.

Wang J, Wu X, Li Y, Han X, Hu H, Wang F, ef al. Serum
bilirubin concentrations and incident coronary heart disease risk
among patients with type 2 diabetes: the Dongfeng-Tongji co-
hort. Acta Diabetologica. 2017; 54: 257-264. https://doi.org/10.
1007/s00592-016-0946-x.

Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ,
Bruckert E, et al. Low-density lipoproteins cause atheroscle-
rotic cardiovascular disease. 1. Evidence from genetic, epidemi-
ologic, and clinical studies. A consensus statement from the
European Atherosclerosis Society Consensus Panel. European
Heart Journal. 2017; 38: 2459-2472. https://doi.org/10.1093/eu
rheartj/ehx144.

Sun X, Feinberg MW. MicroRNA-management of lipoprotein
homeostasis. Circulation Research. 2014; 115: 2—6. https://doi.
org/10.1161/CIRCRESAHA.114.304228.

Crudele L, De Matteis C, Piccinin E, Gadaleta RM, Cariello M,
Di Buduo E, ef al. Low HDL-cholesterol levels predict hepato-
cellular carcinoma development in individuals with liver fibro-
sis. JHEP Reports: Innovation in Hepatology. 2022; 5: 100627.
https://doi.org/10.1016/j.jhepr.2022.100627.

Linton MF, Yancey PG, Tao H, Davies SS. HDL Function and
Atherosclerosis: Reactive Dicarbonyls as Promising Targets of
Therapy. Circulation Research. 2023; 132: 1521-1545. https:
//doi.org/10.1161/CIRCRESAHA.123.321563.

Feig JE, Hewing B, Smith JD, Hazen SL, Fisher EA. High-
density lipoprotein and atherosclerosis regression: evidence
from preclinical and clinical studies. Circulation Research.
2014; 114: 205-213. https://doi.org/10.1161/CIRCRESAHA
.114.300760.

Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, Ames BN.
Bilirubin is an antioxidant of possible physiological importance.
Science. 1987; 235: 1043—1046. https://doi.org/10.1126/scienc
¢.3029864.

Wu TW, Fung KP, Wu J, Yang CC, Weisel RD. Antioxidation of
human low density lipoprotein by unconjugated and conjugated
bilirubins. Biochemical Pharmacology. 1996; 51: 859—862. http
s://doi.org/10.1016/0006-2952(95)02395-x.

Vitek L, Hinds TD, Jr, Stec DE, Tiribelli C. The physiology of
bilirubin: health and disease equilibrium. Trends in Molecular
Medicine. 2023; 29: 315-328. https://doi.org/10.1016/j.molm
ed.2023.01.007.

Adepu C, Sandeep Kumar Reddy B. Association of Serum
Bilirubin and Lipid Ratio (Total Cholesterol/(High-Density
Lipoprotein + Bilirubin)) in Coronary Artery Disease: A Case-
Control Study at a Tertiary Care Hospital. Cureus. 2023; 15:
e46420. https://doi.org/10.7759/cureus.46420.

Martinez E, Martorell J, Riambau V. Review of serum biomark-
ers in carotid atherosclerosis. Journal of Vascular Surgery. 2020;
71: 329-341. https://doi.org/10.1016/1.jvs.2019.04.488.
Akboga MK, Canpolat U, Sahinarslan A, Alsancak Y, Nurkoc
S, Aras D, et al. Association of serum total bilirubin level with
severity of coronary atherosclerosis is linked to systemic inflam-
mation. Atherosclerosis. 2015; 240: 110-114. https://doi.org/10.
1016/j.atherosclerosis.2015.02.051.

[21

—

[22]

[23

—

[24

[l

[25

[t

[26

—

[27

—

[28

[l

[29

—

[30

[t

[31

—

[32

—

133

—

[34

—

[35

[t

Schwertner HA, Jackson WG, Tolan G. Association of low
serum concentration of bilirubin with increased risk of coronary
artery disease. Clinical Chemistry. 1994; 40: 18-23.

Li XL, Zhao CR, Pan CL, Jiang G, Zhang B. Role of biliru-
bin in the prognosis of coronary artery disease and its relation-
ship with cardiovascular risk factors: a meta-analysis. BMC car-
diovascular disorders. 2022; 22: 458. https://doi.org/10.1186/
$12872-022-02899-w.

O’Brien L, Hosick PA, John K, Stec DE, Hinds TD, Jr. Biliverdin
reductase isozymes in metabolism. Trends in Endocrinology and
Metabolism: TEM. 2015; 26: 212-220. https://doi.org/10.1016/
j-tem.2015.02.001.

Tabas I. Macrophage death and defective inflammation resolu-
tion in atherosclerosis. Nature Reviews. Immunology. 2010; 10:
36—46. https://doi.org/10.1038/nri2675.

Madhavan M, Wattigney WA, Srinivasan SR, Berenson GS.
Serum bilirubin distribution and its relation to cardiovascular
risk in children and young adults. Atherosclerosis. 1997; 131:
107-113. https://doi.org/10.1016/s0021-9150(97)06088-7.
Kim JY, Shim SH. Anti-Atherosclerotic Effects of Fruits of Vi-
tex rotundifolia and Their Isolated Compounds via Inhibition of
Human LDL and HDL Oxidation. Biomolecules. 2019; 9: 727.
https://doi.org/10.3390/biom9110727.

Tsujimoto T, Kajio H, Sugiyama T. Statin Therapy in Patients
With Low Serum Levels of Low-Density Lipoprotein Choles-
terol. The American Journal of Cardiology. 2017; 120: 1947—
1954. https://doi.org/10.1016/j.amjcard.2017.08.011.

Adhyaru BB, Jacobson TA. Safety and efficacy of statin therapy.
Nature Reviews. Cardiology. 2018; 15: 757-769. https://doi.or
2/10.1038/s41569-018-0098-5.

Wadey K, Lopes J, Bendeck M, George S. Role of smooth mus-
cle cells in coronary artery bypass grafting failure. Cardiovascu-
lar Research. 2018; 114: 601-610. https://doi.org/10.1093/cvr/
cvy021.

Gaudino M, Antoniades C, Benedetto U, Deb S, Di Franco
A, Di Giammarco G, et al. Mechanisms, Consequences, and
Prevention of Coronary Graft Failure. Circulation. 2017; 136:
1749-1764. https://doi.org/10.1161/CIRCULATIONAHA.117.
027597.

Stefil M, Dixon M, Benedetto U, Gaudino M, Lees B, Gray A, et
al. Coronary artery bypass grafting using bilateral internal tho-
racic arteries in patients with diabetes and obesity: A systematic
review and meta-analysis. International Journal of Cardiology.
Heart & Vasculature. 2023; 47: 101235. https://doi.org/10.1016/
j-ijcha.2023.101235.

Ahn HC, Oh SW, Yoon JS, Park SO. Long-term results of ul-
nar and radial reconstruction with interpositional grafting using
the deep inferior epigastric artery for chronic hand ischemia.
Scientific Reports. 2021; 11: 23185. https://doi.org/10.1038/
s41598-021-02530-6.

Joliat GR, Kobayashi K, Hasegawa K, Thomson JE, Padbury
R, Scott M, et al. Guidelines for Perioperative Care for Liver
Surgery: Enhanced Recovery After Surgery (ERAS) Society
Recommendations 2022. World Journal of Surgery. 2023; 47:
11-34. https://doi.org/10.1007/s00268-022-06732-5.

Ranjan R, Adhikary D, Mandal S, Seedher A, Adhikary AB.
Outcome of coronary endarterectomy with coronary artery by-
pass grafting in patients with diffuse coronary artery disease in
Bangladesh: A retrospective cohort study. JRSM Cardiovas-
cular Disease. 2017; 6: 2048004017732658. https://doi.org/10.
1177/2048004017732658.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP,
Benedetto U, et al. 2018 ESC/EACTS Guidelines on myocar-
dial revascularization: the Task Force on Myocardial Revascu-
larization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS).

&% IMR Press


https://doi.org/10.1093/ejcts/ezu366
https://doi.org/10.1161/CIRCULATIONAHA.111.066589
https://doi.org/10.1161/CIRCULATIONAHA.111.066589
https://doi.org/10.1007/s00592-016-0946-x
https://doi.org/10.1007/s00592-016-0946-x
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1161/CIRCRESAHA.114.304228
https://doi.org/10.1161/CIRCRESAHA.114.304228
https://doi.org/10.1016/j.jhepr.2022.100627
https://doi.org/10.1161/CIRCRESAHA.123.321563
https://doi.org/10.1161/CIRCRESAHA.123.321563
https://doi.org/10.1161/CIRCRESAHA.114.300760
https://doi.org/10.1161/CIRCRESAHA.114.300760
https://doi.org/10.1126/science.3029864
https://doi.org/10.1126/science.3029864
https://doi.org/10.1016/0006-2952(95)02395-x
https://doi.org/10.1016/0006-2952(95)02395-x
https://doi.org/10.1016/j.molmed.2023.01.007
https://doi.org/10.1016/j.molmed.2023.01.007
https://doi.org/10.7759/cureus.46420
https://doi.org/10.1016/j.jvs.2019.04.488
https://doi.org/10.1016/j.atherosclerosis.2015.02.051
https://doi.org/10.1016/j.atherosclerosis.2015.02.051
https://doi.org/10.1186/s12872-022-02899-w
https://doi.org/10.1186/s12872-022-02899-w
https://doi.org/10.1016/j.tem.2015.02.001
https://doi.org/10.1016/j.tem.2015.02.001
https://doi.org/10.1038/nri2675
https://doi.org/10.1016/s0021-9150(97)06088-7
https://doi.org/10.3390/biom9110727
https://doi.org/10.1016/j.amjcard.2017.08.011
https://doi.org/10.1038/s41569-018-0098-5
https://doi.org/10.1038/s41569-018-0098-5
https://doi.org/10.1093/cvr/cvy021
https://doi.org/10.1093/cvr/cvy021
https://doi.org/10.1161/CIRCULATIONAHA.117.027597
https://doi.org/10.1161/CIRCULATIONAHA.117.027597
https://doi.org/10.1016/j.ijcha.2023.101235
https://doi.org/10.1016/j.ijcha.2023.101235
https://doi.org/10.1038/s41598-021-02530-6
https://doi.org/10.1038/s41598-021-02530-6
https://doi.org/10.1007/s00268-022-06732-5
https://doi.org/10.1177/2048004017732658
https://doi.org/10.1177/2048004017732658
https://www.imrpress.com

[36]

[37]

[38]

[39]

Developed with the special contribution of the European Asso-
ciation of Percutaneous Cardiovascular Interventions (EAPCI).
European Heart Journal. 2018; 39: 3213-3277.

Head SJ, Milojevic M, Daemen J, Ahn JM, Boersma E, Chris-
tiansen EH, ef al. Mortality after coronary artery bypass graft-
ing versus percutaneous coronary intervention with stenting for
coronary artery disease: a pooled analysis of individual patient
data. Lancet (London, England). 2018; 391: 939-948. https:
//doi.org/10.1016/S0140-6736(18)30423-9.

Thuijs DJFM, Kappetein AP, Serruys PW, Mohr FW, Morice
MC, Mack MIJ, et al. Percutaneous coronary intervention
versus coronary artery bypass grafting in patients with
three-vessel or left main coronary artery disease: 10-year
follow-up of the multicentre randomised controlled SYNTAX
trial. Lancet. 2019; 394: 1325-1334. https://doi.org/10.1016/
S0140-6736(19)31997-X.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive pro-
tein and other markers of inflammation in the prediction of car-
diovascular disease in women. The New England Journal of
Medicine. 2000; 342: 836—843. https://doi.org/10.1056/NEJM
200003233421202.

Lucci C, Cosentino N, Genovese S, Campodonico J, Mi-
lazzo V, De Metrio M, et al. Prognostic impact of admis-
sion high-sensitivity C-reactive protein in acute myocardial in-
farction patients with and without diabetes mellitus. Cardio-
vascular Diabetology. 2020; 19: 183. https://doi.org/10.1186/
$12933-020-01157-7.

&% IMR Press

[40]

[41]

[42]

[43]

[44]

de Lemos JA, Morrow DA, Bentley JH, Omland T, Sabatine
MS, McCabe CH, et al. The prognostic value of B-type natri-
uretic peptide in patients with acute coronary syndromes. The
New England Journal of Medicine. 2001; 345: 1014-1021.
https://doi.org/10.1056/NEJMoa011053.

Park KC, Gaze DC, Collinson PO, Marber MS. Cardiac tro-
ponins: from myocardial infarction to chronic disease. Cardio-
vascular Research. 2017; 113: 1708-1718. https://doi.org/10.
1093/cvr/cvx183.

Dewey M, Rief M, Martus P, Kendziora B, Feger S, Dreger H, et
al. Evaluation of computed tomography in patients with atypical
angina or chest pain clinically referred for invasive coronary an-
giography: randomised controlled trial. BMJ (Clinical Research
Ed.). 2016; 355: 15441. https://doi.org/10.1136/bmj.i5441.
Nakajima H, Takazawa A, Yoshitake A, Tochii M, Tokunaga
C, Hayashi J, et al. Intraoperative transit-time flowmetry in pa-
tients undergoing coronary surgery to determine relationships
between graft flow and patency and prior coronary interven-
tions and flow demand: a retrospective study. Journal of Car-
diothoracic Surgery. 2018; 13: 121. https://doi.org/10.1186/
$13019-018-0806-6.

Puskas JD, Halkos ME, DeRose JJ, Bagiella E, Miller MA,
Overbey J, et al. Hybrid Coronary Revascularization for the
Treatment of Multivessel Coronary Artery Disease: A Multi-
center Observational Study. Journal of the American College
of Cardiology. 2016, 68: 356-365. https://doi.org/10.1016/j.ja
¢c.2016.05.032.

15


https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1016/S0140-6736(19)31997-X
https://doi.org/10.1016/S0140-6736(19)31997-X
https://doi.org/10.1056/NEJM200003233421202
https://doi.org/10.1056/NEJM200003233421202
https://doi.org/10.1186/s12933-020-01157-7
https://doi.org/10.1186/s12933-020-01157-7
https://doi.org/10.1056/NEJMoa011053
https://doi.org/10.1093/cvr/cvx183
https://doi.org/10.1093/cvr/cvx183
https://doi.org/10.1136/bmj.i5441
https://doi.org/10.1186/s13019-018-0806-6
https://doi.org/10.1186/s13019-018-0806-6
https://doi.org/10.1016/j.jacc.2016.05.032.
https://doi.org/10.1016/j.jacc.2016.05.032.
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Population
	2.2 Inclusion Criteria
	2.3 Exclusion Criteria
	2.4 Grouping of Patients
	2.5 Definition of Covariates
	2.6 Laboratory Tests and Examinations
	2.7 Long-Term Follow-up
	2.8 Statistical Analysis

	3. Results
	3.1 Patient Characteristics
	3.2 Long-Term Follow-up Outcomes
	3.3 Cox Regression Analysis of Risk Factors for MACCE Occurrence Post-PCI
	3.4 LDL-C/(HDL-C+DBIL) Levels in Patients Undergoing Native PCI and Graft PCI

	4. Discussion
	5. Limitation 
	6. Conclusion
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

