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Objective: To investigate the correlation between the serum homocysteine (HCY) to apolipoprotein A-1 (ApoA-1) ratio (HAR) and
Coronary Artery Disease (CAD).

Methods: Patients who underwent coronary angiography due to chest pain at two medical centers were selected. Serum homocysteine
(HCY), apolipoprotein Al (ApoA-1), albumin, and other indicators were measured in each group, and the HAR was calculated for
statistical analysis.

Results: (1) Restricted cubic spline analysis revealed a linear relationship between HAR and the incidence of CAD (P > 0.05). (2) The
results of the multivariable logistic regression analysis suggested that HAR and other parameters were independent risk factors for
CAD and severe CAD. The C-indexes of the column line chart model constructed based on the results of the multivariable logistic
regression for CAD and severe coronary artery lesions were 0.719 and 0.837, respectively. (3) Correlation analysis revealed
a significant positive correlation between HAR and the Gensini score. (4) The decision curve analysis results indicated that the
predictive model and HAR have good predictive value for severe coronary artery lesions.

Conclusion: There is a discernible correlation between HAR and coronary artery disease (CAD), demonstrating predictive value for
both CAD and severe CAD, thereby serving as a useful tool in the diagnosis and assessment of coronary heart disease.

Keywords: ratio of homocysteine to apolipoprotein Al, homocysteine, apolipoprotein A1, coronary artery disease

Introduction

Coronary artery atherosclerotic cardiovascular disease (CAD) is a leading cause of mortality in developed countries.
Common risk factors include hypercholesterolemia, hypertension, smoking, and diabetes, accounting for approximately
50% of all cases.' Hyperhomocysteinemia (HHcy), occurring in 5% to 7% of the general population, is an important risk
factor for coronary artery atherosclerotic heart disease.” Studies have shown that elevated plasma homocysteine levels are
associated with the formation of atherosclerosis, Coronary Artery Disease, acute myocardial infarction, arrhythmia
formation, and sudden cardiac death.>® Possible mechanisms underlying the promotion of atherosclerosis include
endothelial cell dysfunction, promotion of vascular smooth muscle cell (VSMC) proliferation, promotion of monocyte
and leukocyte infiltration, stimulation of inflammatory cytokine expression, increased lipid peroxidation, and activation
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of thrombosis, !

of CAD.
Apolipoprotein A-1 (ApoA-1), as the main protein component of HDL-C particles, also plays an important role in

among which lipid abnormalities are an important mechanism in the occurrence and development

anti-atherosclerotic effects.'>!'* ApoA-1 can exert its anti-atherosclerotic effects through cholesterol reverse transport and
inhibition of inflammatory responses.'®> However, homocysteine may inhibit the production of APOAI. Related cell
experiments have shown that Hey can reduce serum ApoA-1 levels by down-regulating the PPARa response element
(PPRE) and reducing ApoA-1 promoter activity.'* Clinical studies have also found a negative correlation between plasma
homocysteine and high-density lipoprotein cholesterol. A study on the effect of homocysteine on lipid metabolism in
patients with CAD and non- CAD populations showed that the proportion of CAD patients increased with elevated

1.'> This indicates that homocysteine plays an

plasma homocysteine levels, accompanied by decreased levels of APOA-
important role in lipid metabolism, so the ratio of homocysteine to APOA-1 (HAR) may better reflect the metabolic
status of APOA-1 in patients with ¢ CAD. Currently, there are no reports on the correlation between HAR and CAD.
HAR may better reflect the imbalance of lipid metabolism in patients, to some extent reflecting the dysfunction of
vascular endothelial function and inflammatory conditions in the body, which are indispensable factors in the occurrence
and development of coronary artery atherosclerosis. Therefore, in this study, the Gensini score was used as the evaluation
method for coronary artery lesions. By analyzing the correlation between HAR and the Gensini score, the evaluation

value of HAR for coronary artery lesions was explored.

Materials and Methods

General Information

A retrospective analysis was conducted, and a total of 1596 inpatients admitted to the Cardiology Department of Xuan
Cheng People’s Hospital due to chest pain from January 2019 to December 2021 were consecutively selected (experi-
mental cohort). From January 2019 to December 2021, a total of 1468 inpatients admitted to the Cardiology Department
of the 904th Hospital of the People’s Liberation Army Joint Logistics Support Force due to chest pain were consecutively
selected (validation cohort). This study was approved by the Ethics Committee. Inclusion criteria: (1) Age 30-85 years,
patients admitted due to chest pain scheduled for coronary angiography; (2) Patients with clear consciousness, able to
communicate naturally, without serious neurological or psychiatric disorders. All subjects received standardized dual
antiplatelet therapy with aspirin and ticagrelor/clopidogrel upon admission. According to the WHO guidelines for CAD
diagnosis, stenosis >50% in any major coronary artery such as the left main, left anterior descending, left circumflex,
right coronary artery, or its major branches (diagonal branch, obtuse marginal branch, left posterior descending artery,
posterior descending branch) was used as the diagnostic criteria for coronary artery atherosclerotic heart disease (CAD).
Exclusion criteria: (1) Patients with a history of old myocardial infarction, coronary artery intervention, or coronary
artery bypass graft surgery; (2) Patients with acute cerebral infarction within the past six months; (3) Patients with
pulmonary embolism, aortic dissection, acute or chronic nephritis, or other systemic diseases; (4) Patients with
hematological diseases, malignant tumors, or autoimmune diseases; (5) Patients with acute or chronic infectious diseases;
(6) Patients who did not undergo HCY or apolipoprotein Al (ApoA-1) testing; (7) Patients who refused coronary
angiography. Ultimately, 735 patients were included in the experimental cohort, including 264 in the control group, 51 in
the coronary artery atherosclerosis group, and 420 in the CAD group. The validation cohort included 967 patients,
including 220 in the control group, 170 in the coronary artery atherosclerosis group, and 577 in the CAD group. For
parameters with missing data of less than 5%, the median of that parameter was used for imputation. All patients signed
informed consent upon admission, agreeing to the use of their medical data for clinical research purposes.

Methods

Clinical data of all patients upon admission were collected, including gender, history of cerebral infarction, hypertension,
diabetes, smoking, etc., indicated as present/absent. All patients had venous blood collected from the cubital vein on an
empty stomach in the morning after admission for routine blood tests. Indicators such as apolipoprotein Al (ApoA-1)
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and homocysteine (HCY) were measured using a fully automated biochemical analyzer (Beckman Coulter, USA), and
the HAR (HCY/HDL-C) was calculated.

Grouping

According to coronary angiography and Gensini scores, all patients in the experimental cohort were divided into the control
group (n=264), coronary artery atherosclerosis group (n=51), and CAD group (n=420), with the CAD group further divided
into two subgroups: mild CAD subgroup (Gensini score <30, n=322) and severe coronary heart disease subgroup (Gensini
score >30, n=98). Similarly, all patients in the validation cohort were divided into the control group (n=220), coronary artery
atherosclerosis group (n=170), and CAD group (n=577), with the CAD group further divided into two subgroups: mild CAD
subgroup (Gensini score <30, n=304) and severe CAD subgroup (Gensini score >30, n=273).

Statistical methods

Statistical analysis was performed using SPSS version 26.0 and R-studio statistical software (version 4.1.2). Quantitative
data with normal distribution were expressed as mean + standard deviation (Mean+SD), while data not conforming to
normal distribution were expressed as median (interquartile range) [M (Q25, Q75)]. Between-group comparisons of non-
normally distributed samples were performed using the two-sample Mann—Whitney U-test. Qualitative data were
presented as counts and percentages, and between-group comparisons were conducted using the chi-square test.
Performing univariate logistic regression and multivariate logistic regression analyses to identify independent factors
associated with coronary artery lesions and severe coronary artery lesions. Spearman correlation analysis was used to
evaluate the correlation between HAR and Gensini scores. Restricted cubic spline analysis was performed using the rms
package (version 6.8-0) in R-studio statistical software to assess whether there was a linear relationship between HAR
and CAD. Based on the results of multivariate logistic regression analysis, a nomogram was constructed using the rms
package to calculate the C-index. The clinical application value and net benefit of HAR were evaluated using the decision
curve analysis (DCA) with the rmad package (version 1.6).

Results

Baseline Data and Spline Analysis
The final experimental cohort included 735 patients, with 264 in the control group (133 males, 131 females), 51 in the
coronary artery atherosclerosis group (31 males, 20 females), and 420 in the CAD group (254 males, 166 females). The
validation cohort included 967 patients, with 220 in the control group (114 males, 106 females), 170 in the coronary
artery atherosclerosis group (101 males, 69 females), and 577 in the CAD group (431 males, 146 females). Details of
demographic and clinical characteristics are provided in Table 1.

In the experimental cohort, the relationship between HAR and CAD was analyzed using a restricted cubic spline
model, Restricted cubic spline analysis in logistic regression revealed a sustained increase in the occurrence and
development of CAD associated with HAR (Nonlinear P=0.436>0.05, Figure 1).

Comparison of General Information

General data comparison showed that the CAD group had older age, more male patients and smokers, a higher proportion
of comorbidities such as hypertension and diabetes, decreased levels of serum HDL-C, ApoA-1, ALB, and total protein
(P<0.05), and higher levels of homocysteine, monocytes (MONO), neutrophils (NE), white blood cells (WBC), and HAR
compared to the control group (P<0.05, Table 2). Compared to the subgroup of mild CAD, there were more male
patients, lower levels of APOA-1, ALB, and HDL-C (P<0.05), and significantly elevated levels of HCY, Scr, glucose,
uric acid, monocytes, NE, WBC, and HAR (P<0.05, Table 3).

CAD Risk Factors

Factors with statistically significant differences (P<0.05) between the CAD group and non-coronary artery group were
included in a univariate logistic regression analysis to screen for factors affecting the occurrence of CAD. The results
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Table | Demographics and Clinical Characteristics in the Derivation
and External Validation Cohorts

Characteristic Derivation (n=735) | Validation (n=967)
Age, (years) 59(53,69) 64(55,71)
Male, n (%) 407(55.37) 646(66.80)
Cerebral Infarction, n (%) 102(13.88) NA
Hypertension, n (%) 420(57.14) 602(62.25)
Diabetes, n (%) 126(17.14) 241(22.13)
Smoking, n (%) 153(20.82) 451(46.64)
SBP, (mmHg) 140(127,150) NA
DBP, (mmHg) 86(78,94) NA
Weight,(Kg) 64(57,70) 69(60,76)
Alb, (g/L) 43.5(40.6,46.5) 39.1(36.7,41.5)
ApoB, (g/L) 1(0.78,1.21) 0.8(0.63,0.97)
ApoA-1, (g/L) 1.48(1.26,1.7) 1.03(0.92,1.18)
TC, (mmol/L) 4.48(3.75,5.17) 4.36(3.7,5.05)
LDL-C, (mmol/L) 2.59(2,3.13) 2.37(1.82,2.91)
HDL-C, (mmol/L) 1.23(1.03,1.43) 1.14(1,1.32)
Prealbumin, (mg/L) 27.3(22.6,31.7) NA

TG, (mmol/L) 1.29(0.9,1.84) 1.43(0.98,2.13)
Total Protein, (g/mL) 70.1(65.2,73.6) NA
HCY, (mmol/L) 11.4(9.3,14.7) 10.9(9.1,13)
BUN, (mmol/L) 5.3(4.39,6.34) 5.23(4.35,6.32)
Scr, (umol/L) 66(55.7,76.7) 71(61,81)
FBG, (mmol/L) 5.29(4.92,5.85) NA

UA, (umol/L) 334(283,389) 357(296,426)
HGB, (g/L) 134(125,145) 138(127,150)
LY, (x10°/L) 1.58(1.24,1.92) 1.71(1.35,2.15)
MONO, (x10%/L) 0.4(0.32,0.51) 0.46(0.37,0.59)
NE, (x10°/L) 3.55(2.81,4.45) 3.96(3.03,5.34)
PLT, (x10°/L) 190(154,232) 194(162,236)
RBC, (x10°/L) 4.46(4.13,4.85) NA
WBC, (x10°/L) 5.82(4.88,6.89) 6.29(5.14,7.77)
HAR 7.813(5.893,10.776) 10.366(8.095,12.935)

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; Alb,
Albumin; ApoB, Apolipoprotein B; ApoA-I, Apolipoprotein Al; TC, Total cholesterol;
LDL-C, Low-density lipoprotein-cholesterol; HDL-C, High-density lipoprotein-
cholesterol; TG, Triglyceride; HCY, Homocysteine; BUN, blood urea nitrogen; Scr,
Serum creatinine; FBG, fasting blood glucose; UA, Uric acid; HGB, Hemoglobin; LY,
Lymphocyte; MONO, Monocyte; NE, Neutrophil; PLT, Platelet; RBC, Red blood cell;
WBC, White blood cell; HAR, Homocysteine to Apolipoprotein Al ratio.

showed that age, gender, cerebral infarction, hypertension, diabetes, smoking, ALB, APOA-1, HCY, UA, Scr, MONO,
NE, PLT, WBC, and HAR were predictive factors for CAD (P<0.05, Table 4).

Factors with statistically significant differences (P<0.05) from the univariate logistic regression results were included in
a multivariate logistic regression analysis. The collinearity diagnosis showed that the variance inflation factors of HCY and
HAR were both greater than 10, and the tolerance was less than 0.1. Therefore, after removing HCY, factors such as age,
gender, cerebral infarction, hypertension, diabetes, smoking, ALB, APOA-1, UA, Scr, MONO, NE, PLT, WBC, and HAR
were included in the multiple-factor logistic regression analysis to construct a model for risk prediction. The results showed
that age, hypertension, Diabetes, Smoking, WBC, and HAR were independent predictive factors for CAD (Table 4).
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Figure | Restricted cubic spline plots for CAD by HAR levels. Restricted cubic spline plots were generated based on whether patients had coronary heart disease. The
thick solid line represents the estimated adjusted odds ratio, with the light red shaded ribbon indicating the 95% confidence interval. The horizontal solid line represents an
odds ratio of 1.0.

Construction of CAD Risk Prediction Model
Based on the results of multiple logistic regression analysis, we constructed three risk prediction models for CAD. Model 1: The
risk prediction model was constructed based on HAR (Figure 2A), with a C-index of 0.634 (95% CI 0.595-0.674). Internal
bootstrap validation was performed with repeated sampling (1,000 repetitions) to verify the nomogram model. The predictive
model’s C-index was 0.635. Subsequently, model validation was conducted in the validation cohort, and based on HAR,
a nomogram was constructed, yielding a predictive model’s C-index of 0.657 (Figure S1A). Model 2: A risk prediction model
was built based on age, hypertension, diabetes, smoking, and WBC (Figure 2B), with a C-index of 0.692 (95% CI 0.654-0.730).
Internal bootstrap validation was utilized with repeated sampling (1,000 repetitions) to verify the nomogram model, resulting in
a predictive model’s C-index of 0.683. External validation yielded a predictive model’s C-index of 0.732 (Figure S1B). Model 3:
A risk prediction model was established based on HAR combined with age, hypertension, diabetes, smoking, and WBC
(Figure 2C), with a C-index of 0.719 (95% CI 0.682—-0.756). Internal bootstrap validation was conducted with repeated sampling
(1,000 repetitions) to verify the nomogram model, and the predictive model’s C-index was 0.710. External validation yielded
a predictive model’s C-index of 0.750 (Figure S1C).

Model performance evaluation: Goodness-of-fit analysis revealed that the calibration curves around the ideal model
curve (the diagonal) exhibited slight fluctuations, indicating that the nomogram models had good calibration (Figure 3A—
C). External validation: The nomogram models also demonstrated good calibration (Figure S2A—-S2C).

Factors Influencing the Severity of CAD

Univariate Logistic Regression Analysis of Factors Affecting CAD

Factors with statistically significant differences (P < 0.05) in general characteristics between the subgroups of mild and
severe CAD were included in a univariate logistic regression analysis to screen for relevant factors influencing the
severity of CAD. The results showed that age, gender, APOA-1, HDL, glucose, uric acid, MONO, WBC, and HAR were
predictive factors for severe CAD (P < 0.05, Table 5).
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Table 2 Comparison of Clinical and Biochemical Data Between Normal Group and CAD

Characteristic Normal Group N=264 | CAD Group N=420 | Statistic P

Age, (years) 56(51,65) 64(55,71) —6.709 <0.001
Male, n (%) 133(50.38) 254(58.33) 6.728 0.009
Cerebral Infarction, n (%) 26(9.85) 67(15.95) 5.141 0.023
Hypertension, n (%) 129(48.86) 265(63.10) 13.444 <0.001
Diabetes, n (%) 29(10.98) 91(21.67) 12.786 <0.001
Smoking, n (%) 42(15.91) 103(24.52) 7.202 0.007
SBP, (mmHg) 138(126.75,148) 140(128,152) —-1.739 0.082
DBP, (mmHg) 85(78,94) 86(78,94) —0.869 0.385
Weight,(Kg) 64(58,70.25) 64(57,70) —0.537 0.591
Alb, (g/L) 44.2(41.5,47.025) 43.2(40.2,46.2) —-3.202 0.001
ApoB, (g/L) 0.99(0.81,1.19) 1(0.76,1.22) —0.333 0.739
ApoA-I, (g/L) 1.5(1.328,1.713) 1.43(1.22,1.69) —2.532 0.011
TC, (mmol/L) 4.535(3.88,5.1675) 4.41(3.603,5.17) —-1.592 0.111
LDL-C, (mmol/L) 2.605(2.118,3.053) 2.58(1.943,3.15) —0.544 0.586
HDL-C, (mmol/L) 1.27(1.06,1.4925) 1.185(0.99,1.39) —3.455 0.001
Prealbumin, (mg/L) 27.9(22.6,32.225) 27.2(22.6,31.5) —0.804 0.421
TG, (mmol/L) 1.265(0.868,1.763) 1.29(0.91,1.9) —1.267 0.205
Total Protein, (g/mL) 70.5(65.7,73.9) 69.9(64.9,73.4) —1.562 0.118
HCY, (mmol/L) 10.9(8.6,13.025) 11.95(9.7,15.775) —4.934 <0.001
BUN, (mmol/L) 5.015(4.128,5.878) 5.415(4.543,6.488) —3.938 <0.001
Scr, (umol/L) 63.1(53.75,72.575) 67.7(58.9,80.675) —4.107 <0.001
FBG, (mmol/L) 5.29(4.905,5.715) 5.29(4.96,6.0075) —-1.816 0.069
UA, (umol/L) 327(273,372.25) 337.5(289,401.75) —2.832 0.005
HGB, (g/L) 135(125.75,145) 134(124,145.75) —0.709 0.478
LY, (x10°/L) 1.56(1.2375,1.89) 1.58(1.23,1.92) —0.023 0.982
MONO, (x107/L) 0.38(0.3,0.46) 0.42(0.33,0.53) —4.311 <0.001
NE, (x10°/L) 3.36(2.6775,4.1275) 3.685(2.93,4.6325) —3.479 0.001
PLT, (x10°/L) 196.5(159.75,245.25) 190(152.25,225) —2.248 0.025
RBC, (x10°/L) 4.485(4.1775,4.89) 4.46(4.11,4.86) —1.543 0.123
WBC, (x10%/L) 5.53(4.6675,6.4625) 5.89(5.0325,7) -3.42 0.001
HAR 7.1477(5.636,9.364) 8.438(6.224,12.301) —5.367 | <0.001

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; Alb, Albumin; ApoB, Apolipoprotein B;
ApoA-1, Apolipoprotein Al; TC, Total cholesterol; LDL-C, Low-density lipoprotein-cholesterol; HDL-C, High-density
lipoprotein-cholesterol; TG, Triglyceride; HCY, Homocysteine; BUN, blood urea nitrogen; Scr, Serum creatinine; FBG,
fasting blood glucose; UA, Uric acid; HGB, Hemoglobin; LY, Lymphocyte; MONO, Monocyte; NE, Neutrophil; PLT, Platelet;
RBC, Red blood cell; WBC, White blood cell; HAR, Homocysteine to Apolipoprotein Al ratio.

Multivariable Logistic Regression Analysis of Factors Affecting the Severity of CAD
Factors with statistically significant differences (P < 0.05) in the univariate logistic regression analysis were included in
the multivariate logistic regression analysis. Collinearity diagnostics suggested that the inflation factor of HCY and HAR
exceeded 10, with tolerance less than 0.1. Therefore, after removing age, gender, APOA-1, HDL, glucose, uric acid,
MONO, WBC, and HAR, these factors were included in the multivariate logistic regression analysis to construct the risk
prediction model. The results showed that age [OR=1.033, 95% CI (1.008-1.059), P < 0.01], WBC [OR=1.250, 95% CI
(1.101-1.420), P <0.01], and HAR [OR=1.158, 95% CI (1.104—1.214), P < 0.01] were independent predictive factors for
severe CAD (Table 5).

Construction of Risk Prediction Model for Severe Coronary Artery Lesions

Based on the results of the multivariate logistic regression analysis, a risk prediction model for severe CAD (Gensini
score >30) was constructed. Model 1: The HAR-based risk prediction model (Figure 4A) had a C-index of 0.782 (95% CI
0.740-0.825). Internal bootstrap validation was used with repeated sampling (1,000 repetitions) to verify the nomogram
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Table 3 Comparison of General Data Between Mild CAD Group and Severe CAD Group

Characteristic Mild CAD N=322 Severe CAD N=98 | Statistic P

Age, (years) 62(54,70.25) 68(57.75,73) —2.677 0.007
Male, n (%) 185(57.45) 69(70.41) 5.275 0.022
Cerebral Infarction, n (%) 52(16.15) 15(15.31) 0.04 0.842
Hypertension, n (%) 204(63.35) 61(62.24) 0.04 0.842
Diabetes, n (%) 65(20.19) 26(26.53) 1.782 0.182
Smoking, n (%) 76(23.60) 27(27.55) 0.633 0.426
SBP, (mmHg) 140(126.75,152) 140(129.75,152.75) —0.548 0.584
DBP, (mmHg) 87(80,94) 84(76,94) —1.637 0.102
Weight,(Kg) 64(56,70) 64(58.875,72.25) —1.348 0.178
Alb, (g/L) 43.35(40.4,46.325) 42.15(38.925,45.425) —2.347 0.019
ApoB, (g/L) 1.005(0.78,1.22) 1(0.7075,1.2175) —0.747 0.455
ApoA-1, (g/L) 1.5(1.25,1.71) 1.32(1.11,1.54) —4.402 <0.001
TC, (mmol/L) 4.44(3.64,5.175) 4.24(3.295,5.173) —-1.382 0.167
LDL-C, (mmol/L) 2.59(1.968,3.13) 2.42(1.77,3.27) —0.375 0.707
HDL-C, (mmol/L) 1.215(1,1.413) 1.12(0.98,1.3) -2.618 0.009
Prealbumin, (mg/L) 27.3(22.8,31.55) 26.2(22.275,31.45) —0.706 0.48
TG, (mmol/L) 1.27(0.89,1.883) 1.345(0.96,2.003) —0.844 0.398
Total Protein, (g/mL) 70(65.175,73.5) 69(64,73.025) —1.227 0.22
HCY, (mmol/L) 11.25(9.2,14.2) 16.05(11.775,20.4) —-7.576 <0.001
BUN, (mmol/L) 5.36(4.498,6.41) 5.585(4.935,6.805) -1.937 0.053
Scr, (umol/L) 66(56.8,77.2) 77.05(65,86.4) —4.291 <0.001
FBG, (mmol/L) 5.29(4.89,5.873) 5.41(5.14,6.463) -2.893 0.004
UA, (umol/L) 334(282.75,394) 362(331.75,419.5) —3.668 <0.001
HGB, (g/L) 134(125,146) 134(121,145) —-0.539 0.59
LY, (x10%/L) 1.58(1.228,1.92) 1.58(1.243,1.95) —0.032 0.974
MONO, (x10°/L) 0.405(0.32,0.52) 0.47(0.39,0.63) —3.478 0.001
NE, (x10%/L) 3.565(2.845,4.43) 4.19(3.398,5.195) -3.618 <0.001
PLT, (x10°/L) 190(150,227) 189(156.75,220.25) —0.108 0914
RBC, (x10%/L) 4.46(4.118,4.845) 4.46(4.035,4.9) —0.004 0.997
WBC, (x10°/L) 5.82(4.868,6.883) 6.295(5.418,7.73) —3.479 0.001
HAR 7.6199(5.818,10.684) | 12.6782(9.592,16.170) —8.761 <0.001

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; Alb, Albumin; ApoB, Apolipoprotein B;
ApoA-1, Apolipoprotein Al; TC, Total cholesterol; LDL-C, Low-density lipoprotein-cholesterol; HDL-C, High-
density lipoprotein-cholesterol; TG, Triglyceride; HCY, Homocysteine; BUN, blood urea nitrogen; Scr, Serum
creatinine; FBG, fasting blood glucose; UA, Uric acid; HGB, Hemoglobin; LY, Lymphocyte; MONO, Monocyte; NE,
Neutrophil; PLT, Platelet; RBC, Red blood cell; WBC, White blood cell; HAR, Homocysteine to Apolipoprotein Al
ratio.

model, with a predictive model C-index of 0.783. Model validation in the validation cohort yielded a predictive model
C-index of 0.760 (Figure S3A). Model 2: A risk prediction model based on age, hypertension, diabetes, smoking, and
WBC was constructed (Figure 4B), with a predictive model C-index of 0.697 (95% CI 0.641-0.754). Internal bootstrap
validation was used with repeated sampling (1,000 repetitions) to verify the nomogram model, with a predictive model
C-index of 0.694. External validation of the predictive model yielded a C-index of 0.721 (Figure S3B). Model 3: A risk
prediction model combining HAR with age, hypertension, diabetes, smoking, and WBC was constructed (Figure 4C),
with a predictive model C-index of 0.837 (95% CI 0.798-0.875). Internal bootstrap validation was used with repeated
sampling (1,000 repetitions) to verify the nomogram model, yielding a predictive model C-index of 0.832. External
validation of the predictive model yielded a C-index of 0.813 (Figure S3C).

Model performance evaluation of the nomogram: Goodness-of-fit analysis showed that the nomogram model
exhibited good calibration (Figure SA—C). External validation: The nomogram model also demonstrated good calibration

(Figure S4A-54C).
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Table 4 Univariate and Multivariate Logistic Regression Analysis of Influencing Factors of CAD

Characteristic Univariate Logistic Regression Multivariate Logistic Regression

B wald OR (95% CI) P B wald | OR (95% CI) P
Age 0.053 43.977 | 1.055(1.038-1.071) | <0.001 | 0.052 | 36.84 | 1.054(1.036—1.072) | <0.001
Male 0.41 6.7 1.507(1.105-2.056) | 0.0l
Cerebral Infarction | —0.552 | 5.05 0.576(0.356-0.932) | 0.025
Hypertension —0.582 | 13.333 | 0.559(0.409-0.764) | <0.001 | 0.367 | 4.561 | 1.443(1.031-2.021) | 0.033
Diabetes —0.807 | 12.345 | 0.446(0.284-0.7) <0.001 | 0.524 | 4.578 | 1.689(1.045-2.729) | 0.032
Smoking —0.541 | 7.103 0.582(0.391-0.867) | 0.008 0.483 | 4.739 | 1.622(1.049-2.506) | 0.029
Alb —0.063 | 11.006 | 0.939(0.905-0.975) | 0.001
ApoA-| —0.678 | 7.207 | 0.507(0.309-0.833) | 0.007
HDL-C —0.865 | 11.219 | 0.421(0.254-0.699) | 0.001
HCY 0.101 25.4 1.106(1.064—1.15) <0.001
BUN 0.206 15.075 | 1.229(1.107-1.363) | <0.001
Scr 0.019 16.956 | 1.02(1.01-1.029) <0.001
UA 0.003 9.2 1.003(1.001-1.004) | 0.002
MONO 2.155 17.019 | 8.631(3.1-24.031) <0.001
NE 0.154 8.075 1.166(1.049—1.296) | 0.004
PLT —0.003 | 6.32 0.997(0.994-0.999) | 0.012
WBC 0.143 9.317 1.154(1.053—1.265) | 0.002 0.107 | 4.466 | 1.113(1.008-1.230) | 0.035
HAR 0.123 29.989 | 1.131(1.082—1.182) | <0.001 | 0.091 | 16.99 | 1.095(1.049-1.144) | <0.001

Abbreviations: Alb, Albumin; ApoA-I, Apolipoprotein Al; HDL-C, High-density lipoprotein-cholesterol; HCY, Homocysteine; BUN, blood
urea nitrogen; Scr, Serum creatinine; UA, Uric acid; MONO, Monocyte; NE, Neutrophil; PLT, Platelet; WBC, White blood cell; HAR,
Homocysteine to Apolipoprotein Al ratio.

Correlation Between HAR and Gensini Score

The Spearman correlation analysis results showed a positive correlation between HAR and Gensini score (7=0.331,
P<0.01). As HAR increased, the Gensini score also increased, indicating that higher HAR values were associated with
more severe coronary artery lesions (Figure 6). External validation revealed similar results, with Spearman correlation
analysis showing a positive correlation between HAR and Gensini score (+=0.393, P<0.01) (Figure S5).

Assessment of DCA Curves for Evaluating HAR Clinical Performance

DCA compares the clinical performance of three nomogram models. Pt represents the threshold probability of severe
CAD in the local population. DCA demonstrates that when Pt > 0, all three curve-line models start to achieve significant
net benefit relative to the assumption of all patients having either negative or positive severe CAD. When Pt ranges
between 0 and 0.89, compared to Model Two and Model One, Model Three incorporating HAR exhibits higher net
benefit across a larger range of Pt, offering significant advantages in clinical practice (Figure 7). External validation
results further indicate that Model Three maintains higher clinical net benefit over Model One and Model Two
(Figure S6).

Comparative clinical performance of HAR with HCY, ApoA-1, WBC, and AGE in predicting severe CAD is assessed
through DCA curves. Results suggest that when Pt ranges between 0 and 0.86, HAR demonstrates higher net benefit
across a broader range of Pt compared to HCY, ApoA-1, WBC, and AGE, significantly outperforming these indicators
(Figure 8). External validation results continue to indicate that HAR maintains higher clinical net benefit than other
indicators (Figure S7).

Discussion

ApoA-1, as the main protein component of HDL particles, plays a crucial role in the anti-atherosclerotic effect.'®
ApoA-1 produced by the liver and intestine interacts with macrophage cholesterol transporter, initiating cholesterol
efflux from macrophages, forming nascent HDL, which then transports cholesterol back to the liver in reverse
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Figure 2 Nomogram for predicting the probability of CAD in Derivation cohort. (A) Model |, The risk prediction model was constructed based on HAR. (B) Model 2: The
risk prediction model was built based on age, hypertension, diabetes, smoking, and WBC. (C) Model 3: The risk prediction model was established based on HAR combined
with age, hypertension, diabetes, smoking, and WBC.

cholesterol transport (RCT) via bile excretion.!” RCT effectively promotes cholesterol efflux from foam cells and
limits the formation of atherosclerosis. ApoA-1 also clears oxidized phospholipids from oxLDL and cells. Studies have
found that in preventing the oxidation of low-density lipoprotein, only reconstituted high-density lipoprotein (HDL)
containing ApoA-1 and 1-palmitoyl-2-oleoyl phosphatidylcholine (POPC) is as effective as intact HDL, supporting the

1.'® Research by Chongren Tang et al found that ApoA-1 can inhibit stress by

crucial antioxidative role of ApoA-
mediating cholesterol efflux through regulating lipid rafts.'® It can also inhibit the activation of p38 mitogen-activated
protein kinase signaling induced by lipopolysaccharide, further promoting the generation of Foam cell zinc finger
protein 36, thereby suppressing the release of related inflammatory factors.” ApoA-1 can also block the activation of
T lymphocytes contacting monocytes, inhibiting the production of inflammatory cytokines such as IL-6 and tumor
necrosis factor-alpha.”!

HCY is also an important risk factor in the occurrence and development of CAD. Studies have shown that HCY can
promote inflammation, affect lipid metabolism, and thus cause coronary artery dysfunction, promoting the occurrence of
CAD.*? High levels of HCY can also enhance the expression of the scavenger receptor CD36 in macrophages, leading to
the formation of foam cells.** Dan Liao et al** found that high levels of HCY reduce circulating HDL-C by inhibiting the
synthesis of ApoA-1 protein and promoting the clearance of HDL-C, inhibiting reverse cholesterol transport. HCY
inhibits hepatic ApoA-1 expression through the peroxisome proliferator-activated receptor o (PPARa)-ApoA-1
pathway.'**>¢ Additionally, HCY can reduce ApoA-1 transcription by stimulating nuclear factor kappa B (NF-kB)
and ApoA-1 regulatory protein-1 (ARP-1).?” Reduced plasma and hepatic expression levels of ApoA-1 have also been
observed in animal models of hyperhomocysteinemia (HHcy).'*?” Artur Mierzecki et al also found that low-dose folic
acid supplementation can reduce HCY concentrations and increase serum APOA1 concentration.”® The above studies all
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Figure 3 Calibration curve for predicting the probability nomogram of CAD in Derivation cohort. (A) Model | Calibration Curve; (B) Model 2 Calibration Curve; (C)
Model 3 Calibration Curve; The calibration plot shows the agreement between the predicted (x-axis) and observed (y-axis) risks of CAD; the x-axis indicates the predicted
risk of CAD, and the y-axis indicates the observed risk of CAD. Further, the calibration plot shows the predicted risk of in-hospital MACE for primary PCI after
bootstrapping with 1000 replicates. The diagonal line indicates that the ideal curve is consistent with the actual curve and the solid line indicates the actual performance of
the prediction model. The proximity of the solid line to the dashed diagonal line indicates the accuracy of the prediction model.

indicate a negative correlation between plasma HCY levels and APOA-1 in patients with CAD, and high levels of HCY

can inhibit the generation of APOA-1, leading to a decrease in plasma HDL-C. This provides a theoretical basis for
constructing the HCY-to-APOA-1 ratio (HAR).

Table 5 Univariate and Multivariate Logistic Regression Analysis of Severe CAD

Characteristic | Univariate Logistic Regression Multivariate Logistic Regression
B Wald | OR (95% ClI) P B Wald | OR (95% ClI) P
Age 0.03 6.814 1.03(1.007-1.053) 0.009 | 0.033 | 6.956 1.033(1.008-1.059) | 0.008
Male 0.566 | 5.202 1.762(1.083-2.867) | 0.023
ApoA-| —1.86 | 21.923 | 0.156(0.071-0.339) | <0.00I
HDL-C —1.193 | 7.894 | 0.303(0.132-0.697) | 0.005
HCY 0.12 34.58 1.128(1.083—-1.174) | <0.001
FBG 0.112 | 5972 1.119(1.023-1.225) | 0.015
UA 0.004 10.50 1.004(1.001-1.006) | 0.001
MONO 2.189 14.662 | 8.925(2.911-27.365) | <0.001
WBC 0.242 15841 | 1.274(1.131-1.436) | <0.001 | 0.223 | 11.807 | 1.250(1.101-1.420) | 0.001
HAR 0.156 | 40.624 | 1.169(1.114-1.227) | <0.001 | 0.147 | 37.067 | 1.158(1.104-1.214) | <0.00I

Abbreviations: ApoA-I, Apolipoprotein Al; HDL-C, High-density lipoprotein-cholesterol; HCY, Homocysteine; FBG, fasting blood glucose;
UA, Uric acid; MONO, Monocyte; WBC, White blood cell; HAR, Homocysteine to Apolipoprotein Al ratio.
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Figure 4 Nomogram for predicting the probability of Severe CAD in Derivation cohort. (A) Model I, The risk prediction model was constructed based on HAR. (B) Model
2: The risk prediction model was built based on age and WBC. (C) Model 3: The risk prediction model was established based on HAR combined with age and WBC.

There have been no reports on the combined exploration of the relationship between HCY and ApoA-1 in relation to CAD.
We proposed the new index HAR for the first time based on the mechanism of interaction between HCY and APOA-1 in the
body. Theoretically, HAR can to some extent reflect oxidative stress, inflammatory status, and lipid metabolism disorders in the
body simultaneously. HCY is closely related to the occurrence and development of CAD, while ApoA-1 has antioxidative, anti-
inflammatory, and anti-atherosclerotic effects and is significantly negatively correlated with the degree of coronary artery
lesions.?’ Therefore, the ratio of HCY to ApoA-1 may better reflect oxidative stress, inflammatory status, and lipid metabolism
disorders in the course of CAD.

This study explored the correlation between HAR and other traditional inflammatory and lipid parameters with CAD and the
severity of CAD. The results indicate that HAR has certain advantages in predicting CAD compared to other traditional
inflammatory and lipid parameters. Restricted cubic spline analysis suggests that HAR is linearly correlated with the occurrence
of CAD, and Spearman correlation analysis indicates that the more severe the coronary artery lesions, the higher the HAR levels.
Multivariable logistic regression analysis supports that HAR is an independent risk factor for CAD and severe CAD.
Subsequently, based on HAR, a Nomogram model was constructed. The C-index of the model indicates that the Nomogram
model has good predictive value for CAD and severe CAD. External validation of the model also suggests that HAR has good
predictive value for CAD and severe CAD. The calibration curve of the predictive model shows that the curve of the predictive
model fluctuates slightly around the ideal model curve (diagonal line), indicating that the predictive model has good calibration,
and there is good consistency between the predicted probability and the actual observation. DCA analysis suggests that HAR has
good clinical utility.
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Figure 5 Calibration curve for predicting the probability nomogram of Severe CAD in Derivation cohort. (A) Model | Calibration Curve; (B) Model 2 Calibration Curve;
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the prediction model. The proximity of the solid line to the dashed diagonal line indicates the accuracy of the prediction model.
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Figure 8 Decision Curve Analysis of HAR and other parameters in Derivation cohort.

Research Innovation

This study introduced a new risk parameter for CAD, namely the HAR, based on the interaction mechanism between
HCY and ApoA-1. Utilizing data from two medical centers, the study investigated the relationship between HAR and the
severity of CAD to enhance the accuracy and persuasiveness of the findings. The correlation between HAR and CAD
severity was significantly stronger than that of ApoA-1 and HCY individually. Furthermore, the net clinical benefit of
HAR in practice was markedly higher than that of ApoA-1 and HCY. As a novel risk factor for CAD, HAR demonstrates
significant scientific, rational, and innovative value, contributing to the early diagnosis and intervention of CAD, thereby
holding important clinical significance.
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Limitations of the Study

1. The use of the Gensini score to evaluate CAD lacks features such as branch lesions, tortuous lesions, and calcified lesions,
which may pose certain limitations. 2. HCY, ApoA-1, etc., were only measured as single preoperative blood samples without
dynamic monitoring. The potential changes in HAR ratio after procedures such as percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG) need further investigation. 3. This study only discusses the relationship between HAR
and CAD, while its association with the long-term prognosis of CAD and the occurrence of adverse events requires further
exploration. 4.In recent years, cardiac biomarkers such as high-sensitivity troponin T (hs-TnT) and N-terminal pro B-type
natriuretic peptide (NT-proBNP) have become essential tools in the diagnosis, risk stratification, and prognosis of patients with
coronary artery disease (CAD).>* However, in our study, hs-TnT and NT-proBNP measurements were not obtained for all
patients, as these tests were selectively performed in high-risk individuals during pre-procedural assessment. Future studies
should consider incorporating these markers systematically to further elucidate their relationship with HAR and CAD severity.

Conclusion

This study proposed a new CAD risk assessment parameter, namely the HAR, based on the interaction between HCY and
ApoA-1. The investigation explored the relationship between HAR and the severity CAD, utilizing data from two
medical centers to enhance accuracy and persuasiveness. As a novel risk factor for CAD, HAR holds significant
scientific, rational, and innovative value. In clinical practice, HAR aids in the early diagnosis and intervention of
CAD, thereby holding important clinical significance.
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