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Purpose: To develop and validate two nomograms incorporating the albumin/neutrophil-to-lymphocyte ratio score (ANS) for 
predicting the risk of coronary artery disease (CAD) or subclinical CAD.
Patients and Methods: Four hundred fifty patients with suspected CAD who underwent coronary computed tomographic angio-
graphy were consecutively enrolled between September 2015 and June 2017. Nomograms were established based on independent 
predictors of CAD or subclinical CAD.
Results: In total, 437 patients with suspected CAD who underwent coronary computed tomographic angiography were included. Male 
sex, age ≥65 years, smoking, hypertension, diabetes, dyslipidemia, ischemic stroke, and ANS were independent predictors of CAD and 
subclinical CAD. The areas under the curve of each nomogram were 0.799 (95% CI: 0.752–0.846) and 0.809 (95% CI: 0.762–0.856), 
respectively. The calibration curve and decision curve analysis showed good performance for the diagnostic nomograms. The 
prediction of CAD or subclinical CAD by the ANS was not modified by the independent predictors (all, p for interaction >0.05).
Conclusion: Our ANS-based nomograms can provide accurate and individualized risk predictions for patients with suspected CAD or 
subclinical CAD.
Keywords: albumin/neutrophil-to-lymphocyte ratio score, ANS, coronary artery disease, diagnosis, nomogram

Introduction
Coronary artery disease (CAD) is the leading cause of an enormous global health and economic burden.1–3 However, 
frequently there is uncertainty in clinical practice over the use of preventive therapies, particularly for patients at 
borderline or intermediate risk. The fact that CAD and subclinical CAD is associated with an increased risk of long- 
term mortality and cardiovascular events in the general population is well-known.4–8

The atherosclerosis process is a chronic inflammatory process, and monocytes, neutrophils, and lymphocytes are the 
main cells of this process.9 Therefore, recent studies have focused on the peripheral blood inflammatory cell count and its 
derived indicators, which are easy to measure and can also predict the severity of the disease.10 The neutrophil-to- 
lymphocyte ratio (NLR) is a marker of exacerbated systemic inflammation, which has been associated with CAD in 
previous studies.11,12 Recently few studies have reported that the novel albumin/NLR score (ANS), which combines the 
NLR and albumin level, has shown prognostic value for patients with colorectal cancer and patients after mandibulofacial 
reconstruction with a fibula flap.13,14 However, to our knowledge, no study has assessed the diagnostic use of the ANS 
for CAD or subclinical CAD.

Albumin is the most abundant plasma protein, deemed an essential transport protein that binds and transports various 
pharmaceutical agents and substances. Crucially, it maintains the oncotic (colloid-osmotic) pressure of blood and 
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influences the physiological function of the circulatory system, in addition to its antioxidant, anti-inflammatory, and 
antithrombotic properties.15 According to several cohort studies and meta-analyses, albumin plays an important role as 
a robust predictor of risk in patients with CAD.16–18

Nomograms are useful in predicting patients’ probability of clinical events using risk factors and have become 
a common prognostic tool in clinical practice.19–21 Thus, we developed and validated nomograms based on the ANS to 
predict the risk of CAD or subclinical CAD. Additionally, we performed a subgroup analysis to verify the reliability of 
our conclusions.

Materials and Methods
Ethics Statements
The study in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of the 
Affiliated Hospital of Chengde Medical University (Number: LL2021036). All participants provided written informed 
consent.

Study Population
We included 450 inpatients with suspected CAD who underwent coronary computed tomographic angiography (CCTA) 
at the Affiliated Hospital of Chengde Medical University between September 2015 and June 2017. The inclusion criteria 
were as follows: patients with myocardial ischemic symptoms and a clinically suspected diagnosis of CAD, and those 
who underwent CCTA. The CCTA criterion for diagnosing CAD was as follows: at least one branch with stenosis ≥50% 
in the left main, left anterior descending, left circumflex, or right coronary artery.10,22 The CCTA criteria for diagnosing 
subclinical CAD were as follows: a coronary artery calcium (CAC) score ≥100 AU and/or at least one branch with 
stenosis ≥50% in the left main, left anterior descending, left circumflex, or right coronary artery.23–25 The exclusion 
criteria were as follows: patients with acute coronary syndrome, connective tissue disease, severe valvular heart disease, 
hypertrophic cardiomyopathy, and constrictive pericarditis.

Clinical Data Collection
Data of patients’ demographic and clinical characteristics were collected during hospitalization by postgraduate students. 
Age, sex, height, weight, routine blood test results, and biochemical results were recorded. The typical clinical risk 
factors for CAD, such as diabetes, hypertension, dyslipidemia, and ischemic stroke, were also carefully assessed. 
Hypertension was defined as a systolic blood pressure ≥140 mmHg (1 mmHg = 0.133 kPa) and/or diastolic blood 
pressure ≥90 mmHg at rest, or a previous diagnosis of hypertension with antihypertensive therapy.26 Diabetes mellitus 
was defined according to the American Diabetes Association as follows: (1) glycated hemoglobin value ≥6.5%, (2) 
fasting plasma glucose level ≥126 mg/dL (7.0 mmol/L), (3) 2-hour plasma glucose level ≥200 mg/dL (11.1 mmol/L) 
during an oral glucose tolerance test using 75 g of glucose, and/or (4) classic symptoms of hyperglycemia (eg, polyuria, 
polydipsia, and weight loss) or hyperglycemic crisis with a random plasma glucose level ≥200 mg/dL (11.1 mmol/L). In 
the absence of unequivocal hyperglycemia, the first three criteria were confirmed by repeating the test.27 Dyslipidemia 
was defined as a serum total cholesterol level ≥5.18 mmol/L, high-density lipoprotein cholesterol level ≤1.04 mmol/L, 
low-density lipoprotein cholesterol level ≥3.37 mmol/L, triglyceride level ≥1.7 mmol/L, or a previous diagnosis of 
dyslipidemia with prescribed medication.28 Ischemic stroke was diagnosed by 2 experienced clinical neurologists from 
the Department of Neurology based on the recommendations of the World Health Organization. Diagnoses were 
confirmed by evaluating patients’ clinical symptoms, neurological examination results, and computed tomography and/ 
or magnetic resonance imaging findings.29

The NLR was calculated using the following formula: NLR = neutrophil count (109/L) / lymphocyte count (109/L).12 

The ANS was calculated using the following data: the cut-off points for albumin and NLR were 42.15 g/L (area under the 
curve [AUC] of albumin, 0.662; 95% confidence interval [CI]: 0.606–0.718) and 2.55 (AUC of NLR, 0.650; 95% CI: 
0.596–0.704), respectively, as defined by receiver operating characteristic [ROC] curve analysis. For the ANS assess-
ment, patients with serum albumin levels ≥42.15 g/L and NLRs ≤2.55 were assigned a score of 0; patients with either 
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hypoalbuminemia (albumin level, <42.15 g/L) or elevated NLR levels (>2.55) were scored as 1; and those with both 
hypoalbuminemia (albumin level, <42.15 g/L) and an increase in NLR levels (>2.55) were scored as 2.13,14

CAC Score Measurement
CCTA was performed using a 320-detector row computed tomography scanner (Aquilion ONE; Toshiba Medical 
Systems, Otawara, Japan). At least 3 contiguous imaging pixels >1 mm2 with a density >130 Hounsfield units (HU) 
were defined as calcium. The CAC score was the sum of the calcium scores of the 4 main coronary arteries according to 
the Agatston scoring algorithm.30 The main coronary arteries included the left main, left anterior descending, left 
circumflex, and right coronary arteries. A weighting factor of 1–4 (1 for 130–199 HU, 2 for 200–299 HU, 3 for 300– 
399 HU, and 4 for ≥400 HU) was assigned on the basis of computed tomography density; the CAC score is calculated as 
the lesion’s area multiplied by the weighting factor.25 The patients were categorized into 4 groups based on their CAC 
scores as follows: absent (CAC score = 0), mild (CAC score = 1–100), moderate (CAC score = 101–400), and severe 
(CAC score >400).

Statistical Analysis
The Kolmogorov–Smirnov test was used to analyze the continuous variables. Continuous variables are expressed as 
mean ± standard deviation (normally distributed data), median and quartile spacing [M (25th percentile–75th percentile)] 
(non-normally distributed data). To compare the relationship of all continuous variables between the CAD and non-CAD 
groups, continuous variables were analyzed using the Student’s t-test for normally distributed data and Mann–Whitney 
U-test for non-normally distributed data. Categorical variables are expressed as frequency and percentage and were 
compared using the chi-square test. Multivariable logistic regression models were constructed to evaluate the association 
between the ANS and CAD or subclinical CAD in the general population and different subgroups. The odds ratio (OR) 
was determined based on per 1 score increase in the ANS. In addition, for subgroup analysis, the baseline variables with 
a p-value <0.3 were selected and entered into the multivariable logistic regression models. Multivariate logistic 
regression analysis was performed to identify independent risk factors (statistical significance was set at p < 0.05).

A nomogram was established based on the independent predictors using the “rms” package in R. The discriminative 
ability, predictive accuracy, and clinical usefulness of the model were assessed using a receiver operating characteristic 
curve, calibration plot, and decision curve analysis (DCA). DCA was performed using the “rmda” R package of 
R software (version 4.1.3, The R Project for Statistical Computing, Vienna, Austria). A total of 1000 bootstrap resamples 
were used to reduce the overfitting bias. The “visreg” package of R software was used to visualize the possible 
interactions.

All statistical analyses were performed using SPSS (version 26.0; IBM Corp., Armonk, BY, USA), GraphPad Prism 8.0 
(GraphPad Software Inc., La Jolla, CA) and R software. Statistical significance was set at p < 0.05.

Results
Patient Characteristics
In total, 437 patients with suspected stable angina pectoris who underwent CCTA were included in our study (Figure 1) 
and assigned to the CAD (n = 316) and non-CAD groups (n = 121). Clinical characteristics of the patients are shown in 
Table 1. We observed that the CAD group had a higher prevalence of male sex, chest pain, smoking, hypertension, 
diabetes mellitus, dyslipidemia, ischemic stroke, total cholesterol level ≥5.2 mmol/L, low-density lipoprotein cholesterol 
level ≥3.38 mmol/L, aortic valve calcification, abnormal wall motion, and ANS of 0 and 2 (all, p < 0.05). The neutrophil 
count, monocyte count, creatinine, blood urea nitrogen, left atrium, left ventricular end-systolic diameter, left ventricular 
end-diastolic diameter, CAC score, and NLR were significantly higher in the CAD group than in the non-CAD group (all, 
p < 0.05). In addition, we also grouped 437 patients into the subclinical CAD (n = 321) and non-CAD groups (n = 116). 
Clinical characteristics of the patients are shown in Table 2. We observed that the subclinical CAD group had a higher 
prevalence of male sex, chest pain, smoking, hypertension, diabetes mellitus, dyslipidemia, ischemic stroke, total 
cholesterol level ≥5.2 mmol/L, aortic valve calcification, abnormal wall motion, and ANS of 0 and 2 (all, p < 0.05). 
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The neutrophil count, creatinine, blood urea nitrogen, left atrium, left ventricular end-systolic diameter, left ventricular 
end-diastolic diameter, CAC score, and NLR were significantly higher in the subclinical CAD group than in the non- 
CAD group (all, p < 0.05).

Figure 1 Screening flowchart of all patients enrolled in the study. 
Abbreviations: CAD, coronary artery disease; CCTA, coronary computed tomographic angiography; ANS, albumin/neutrophil-to-lymphocyte ratio score; ROC, receiver 
operating characteristic; DCA, decision curve analysis.

Table 1 Baseline Clinical Characteristics of the CAD and Non-CAD Groups

Variable CAD Group Non-CAD Group χ2/Z p-value

(n = 316) (n = 121)

Demographic and clinical data
Male sex (%) 199 (63.0) 43 (35.5) 26.656 <0.001

Age ≥65 years (%) 101 (32.0) 29 (24.0) 2.676 0.102
BMI (kg/m2) 25.39 (23.31, 27.68) 25.10 (23.04, 27.83) −0.497 0.619

Chest pain (%) 168 (53.3) 47 (38.8) 7.344 0.007

Smoking (%) 147 (46.5) 25 (20.7) 24.511 <0.001
Hypertension (%) 239 (75.6) 66 (54.5) 18.456 <0.001

Diabetes mellitus (%) 109 (34.5) 26 (21.5) 6.933 0.008

Dyslipidemia (%) 223 (70.6) 72 (59.5) 4.884 0.027
Ischemic stroke (%) 50 (15.8) 8 (6.6) 6.449 0.011

(Continued)
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Predictor Selection and Nomogram Development
Multivariate analyses were performed using logistic regression models to determine independent predictors for CAD and 
subclinical CAD; the results of which are presented in Table 3. After adjusting for confounding factors in model 3, we found 
that the ANS was independently associated with CAD and subclinical CAD. Therefore, we identified male sex, age ≥65 
years, smoking, hypertension, diabetes, dyslipidemia, ischemic stroke, and ANS as independent predictors of CAD and 
subclinical CAD. Models that incorporated these independent predictors were developed and presented as nomograms. For 

Table 1 (Continued). 

Variable CAD Group Non-CAD Group χ2/Z p-value

(n = 316) (n = 121)

Laboratory data
WBC count (109/L) 6.50 (5.46, 7.89) 6.72 (5.53, 7.64) −0.970 0.332
Platelet count (109/L) 219.00 (181.00, 251.00) 231.50 (194.25, 265.25) −2.480 0.013

Neutrophil count (109/L) 4.05 (3.31, 5.13) 3.90 (3.06, 4.79) −2.200 0.028

Lymphocyte count (109/L) 1.77 (1.40, 2.26) 2.15 (1.62, 2.41) −3.672 <0.001
Monocyte count (109/L) 0.43 (0.35, 0.58) 0.42 (0.31, 0.50) −2.036 0.042

ALB level (g/L) 39.70 (37.10, 41.70) 41.30 (38.70, 43.40) −5.254 <0.001

Cr level (μmol/L) 68.90 (57.75, 79.34) 63.00 (54.85, 72.95) −2.997 0.003
Serum uric acid level (μmol/L) 313.00 (265.00, 361.00) 303.95 (248.15, 377.15) −0.982 0.326

Blood urea nitrogen level (mmol/L) 5.40 (4.43, 6.38) 5.10 (4.22, 5.91) −2.002 0.045

Variable CAD group Non-CAD group χ2/Z p-value
TC level ≥5.2 mmol/L (%) 120 (38.0) 22 (18.2) 15.626 <0.001

TG level ≥1.7 mmol/L (%) 182 (57.6) 60 (49.6) 2.271 0.132

LDL-C level ≥3.38 mmol/L (%) 43 (13.7) 8 (6.6) 4.274 0.039
HDL-C level ≤1.04 mmol/L (%) 143 (45.7) 48 (39.7) 1.282 0.257

Echocardiography findings
LA (mm) 34.5 (31.0, 37.0) 32.0 (29.0, 35.0) −3.711 <0.001
LVESD (mm) 33.0 (30.0, 35.0) 32.0 (29.0, 34.0) −2.673 0.008

LVEDD (mm) 50.0 (47.0, 53.0) 48.0 (45.0, 52.0) −2.338 0.019

LVEF (%) 61.0 (57.0, 66.0) 63.0 (57.0, 69.0) −1.614 0.107
Aortic valve calcification (%) 18 (6.0) 1 (0.9) 4.526 0.033

Abnormal wall motion (%) 200 (66.2) 54 (50.5) 8.336 0.004

Stenotic coronary artery
Left main 26 (7.5)

Left anterior descending 197 (56.8)

Left circumflex 50 (14.4)
Right coronary 74 (21.3)

Quantified stenosis
50% to 74% 108 (31.1)
75% to 100% 239 (68.9)

CAC score 182.45 (23.35, 542.58) 0 (0, 0) −13.222 <0.001

No calcification (CAC score = 0) 41 (13.0)
Mild calcification (CAC score = 1–100) 90 (28.5)

Moderate calcification (CAC score = 101–400) 87 (27.5)

Severe calcification (CAC score >400) 98 (31.0)
NLR 2.32 (1.74, 3.05) 1.93 (1.53, 2.35) −4.852 <0.001

ANS score 47.756 <0.001

0 35 (11.0) 43 (35.5)
1 174 (55.1) 66 (54.5)

2 107 (33.9) 12 (10.0)

Abbreviations: CAD, coronary artery disease; BMI, body mass index; WBC, white blood cell; ALB, albumin; Cr, creatinine; TC, total cholesterol; TG, triglyceride; LDL-C, low- 
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LA, left atrium; LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic 
diameter; LVEF, left ventricular ejection fraction; CAC, coronary artery calcification; NLR, neutrophil-to-lymphocyte ratio; ANS, albumin/neutrophil-to-lymphocyte ratio score.
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Table 2 Baseline Clinical Characteristics of Subclinical CAD and Non-CAD Groups

Variables Subclinical CAD Group Non-CAD Group χ2/Z p-value

(n = 321) (n = 116)

Demographic and clinical data
Male sex (%) 203 (63.2) 39 (33.6) 30.251 <0.001
Age ≥65 years (%) 103 (32.1) 27 (23.3) 3.166 0.075

BMI (kg/m2) 25.39 (23.32, 27.68) 25.20 (23.03, 27.89) −0.178 0.859

Chest pain (%) 168 (52.5) 47 (40.5) 4.891 0.027
Smoking (%) 148 (46.1) 24 (20.7) 23.062 <0.001

Hypertension (%) 242 (75.4) 63 (54.3) 17.959 <0.001

Diabetes mellitus (%) 111 (34.6) 24 (20.7) 7.700 0.006
Dyslipidemia (%) 226 (70.4) 69 (59.5) 4.634 0.031

Ischemic stroke (%) 51 (15.9) 7 (6.0) 7.187 0.007

Laboratory data
WBC count (109/L) 6.51 (5.44, 7.85) 6.68 (5.45, 7.63) −0.680 0.497

Platelet count (109/L) 219.00 (180.00, 251.00) 233.00 (190.75, 

266.75)

−2.626 0.009

Neutrophil count (109/L) 4.05 (3.27, 5.09) 3.84 (3.04, 4.75) −1.990 0.047

Lymphocyte count (109/L) 1.77 (1.40, 2.24) 2.15 (1.61, 2.41) −3.986 <0.001

Monocyte count (109/L) 0.43 (0.35, 0.58) 0.42 (0.32, 0.50) −1.943 0.052
ALB (g/L) 39.70 (37.10, 41.75) 41.30 (38.80, 43.38) −5.103 <0.001

Cr (μmol/L) 69.00 (57.90, 79.88) 62.75 (54.93, 72.55) −3.191 0.001

Serum uric acid (μmol/L) 311.80 (263.00, 361.00) 294.80 (247.45, 
365.53)

−1.109 0.267

Blood urea nitrogen (mmol/L) 5.40 (4.43, 6.39) 5.09 (4.24, 5.84) −2.123 0.034

TC ≥5.2 mmol/L (%) 120 (37.4) 22 (19.0) 13.177 <0.001
TG ≥1.7 mmol/L (%) 185 (57.6) 57 (49.1) 2.488 0.115

LDL-C ≥3.38 mmol/L (%) 43 (13.5) 8 (6.9) 3.598 0.058
HDL-C ≤1.04 mmol/L (%) 147 (46.2) 44 (37.9) 2.374 0.123

Echocardiography
LA (mm) 34.0 (31.0, 37.0) 32.0 (29.0, 35.0) −3.427 0.001
LVESD (mm) 33.0 (30.0, 35.0) 32.0 (29.0, 34.0) −3.068 0.002

LVEDD (mm) 50.0 (47.0, 53.0) 48.0 (45.0, 52.0) −2.530 0.011

LVEF (%) 61.0 (57.0, 66.0) 63.0 (57.8, 69.0) −2.200 0.028
Aortic valve calcification (%) 18 (5.9) 1 (1.0) 4.140 0.042

Abnormal wall motion (%) 203 (66.1) 51 (50.0) 8.457 0.004

Stenotic coronary artery
Left main 26 (7.5)

Left anterior descending 197 (56.8)

Left circumflex 50 (14.4)
Right coronary 74 (21.3)

Quantified stenosis
50% to 74% 108 (31.1)
75% to 100% 239 (68.9)

CAC score 178.30 (20.50, 514.35) 0 (0, 0) −14.125 <0.001

No calcification (CAC score=0) 41 (12.8)
Mild calcification (CAC score=1–100) 90 (28.0)

Moderate calcification (CAC score=101–400) 88 (27.4)

Severe calcification (CAC score >400) 102 (31.8)
NLR 2.31 (1.75, 3.04) 1.91 (1.51, 2.34) −5.000 <0.001

(Continued)
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this purpose, each predictor was assigned a point in the graphical interface of the nomogram. There was a total point line at 
the bottom of the nomogram, and each predictor was summed on a scale from 0 to 100 to give the total points. The total 
points corresponded to the individual risk of developing CAD and subclinical CAD (Figures 2 and 3).

Table 2 (Continued). 

Variables Subclinical CAD Group Non-CAD Group χ2/Z p-value

(n = 321) (n = 116)

ANS score 48.096 <0.001

0 36 (11.2) 42 (36.2)
1 177 (55.1) 63 (54.3)

2 108 (33.6) 11 (9.5)

Abbreviations: CAD, coronary artery disease; BMI, body mass index; WBC, white blood cell; ALB, albumin; Cr, creatinine; TC, total cholesterol; TG, triglycerides; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LA, left atrium; LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end- 
diastolic diameter; LVEF, left ventricular ejection fraction; CAC, coronary artery calcification; NLR, Neutrophil-to-lymphocyte ratio; ANS, Albumin/Neutrophil-to- 
lymphocyte ratio Score.

Table 3 Logistic Regression Models of the Risks for CAD and Subclinical CAD According to per 1 Score Increase in the ANS

ANS (Per 1 Score Increase) Model 1 Model 2 Model 3

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

ANS in patients with CAD 3.297 (2.296, 4.735) <0.001 3.261 (2.215, 4.803) <0.001 3.533 (2.349, 5.314) <0.001

ANS in patients with subclinical CAD 3.363 (2.329, 4.856) <0.001 3.347 (2.252, 4.973) <0.001 3.610 (2.380, 5.475) <0.001

Notes: Model 1: Unadjusted. Model 2: Adjusted for sex, age ≥65 years, smoking, and ischemic stroke. Model 3: Adjusted for terms in model 2 and hypertension, diabetes, 
and dyslipidemia. 
Abbreviations: CAD, coronary artery disease; ANS, albumin/neutrophil-to-lymphocyte ratio score; OR, odds ratio; CI, confidence interval.

Figure 2 Nomogram to estimate the risk of CAD. To estimate the risk of CAD, first identify the value for each axis, and then draw a vertical line upward to the point axis 
from the axis for each factor. Sum the points for all factors and locate the value on the total point line. Next, draw a vertical line down to the risk of CAD. For example, the 
factors of male sex (25 points), age ≥65 years (14 points), smoking (33 points), absence of hypertension (0 points), presence of diabetes (19 points), presence of dyslipidemia 
(28 points), presence of ischemic stroke (31 points), and ANS = 1 (57 points) result in a total of 207 points, which gives an estimated probability of 94% for the occurrence 
of CAD. 
Abbreviations: ANS, albumin/neutrophil-to-lymphocyte ratio score; CAD, coronary artery disease.
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Validation of the Nomograms
For the CAD-predictive nomogram, the AUC was 0.799 (95% CI: 0.752–0.846; Figure 4A). The probabilities predicted 
by the nomogram matched well with the clinical outcomes (Figure 4B). For the subclinical CAD-predictive nomogram, 
the AUC for the nomogram was 0.809 (95% CI: 0.762–0.856; Figure 5A), and the calibration curve showed good 
agreement between the prediction and observation regarding the probability of subclinical CAD (Figure 5B).

Clinical Benefit Evaluation
To evaluate the improvement of the nomograms in decision-making, DCA was performed for each model. The threshold 
probability was defined as the probability at which the expected benefit of treatment was deemed to be equal to the 
expected benefit of avoiding treatment. The decision for treatment was made if the predictive probability was above the 
threshold probability, whereas a predictive probability under the threshold resulted in a decision to avoid treatment. When 

Figure 3 Nomogram to estimate the risk of subclinical CAD. To estimate the risk of subclinical CAD, first identify the value for each axis, and then draw a vertical line 
upward to the point axis from the axis for each factor. Sum the points for all factors and locate the value on the total point line. Next, draw a vertical line down to the risk of 
subclinical CAD. For example, the factors of male sex (34 points), age ≥65 years (16 points), smoking (24 points), absence of hypertension (0 points), absence of diabetes (0 
points), presence of dyslipidemia (27 points), presence of ischemic stroke (34 points), and ANS = 1 (57 points) result in a total of 192 points, which gives an estimated 
probability of 92% for the occurrence of subclinical CAD. 
Abbreviations: ANS, albumin/neutrophil-to-lymphocyte ratio score; CAD, coronary artery disease.

Figure 4 Receiver operating characteristic curve (A), calibration curve (B), and decision curve analysis (C) for the CAD nomogram. 
Abbreviations: AUC, area under the curve; CAD, coronary artery disease.
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the threshold probability was approximately 23–97%, the benefit of using the CAD-predictive nomogram was beyond 
both the thin gray line (treat-all scheme) and thick gray line (treat-none scheme) (Figure 4C). Furthermore, the threshold 
probability could be set between 22% and approximately 98% when the benefit of using the subclinical CAD-predictive 
nomogram was greater than either the treat-all or treat-none scheme (Figure 5C).

Reliability of the ANS in Different Subgroups
The independent association between the ANS and CAD was assessed in various subgroups according to sex (male or 
female), age (≥65 or <65 years), smoking status (with or without), ischemic stroke status (with or without), hypertension 
status (with or without), diabetes mellitus status (with or without), and dyslipidemia status (with or without). There was 
no effect modification by sex, age, and smoking, ischemic stroke, hypertension, diabetes mellitus, and dyslipidemia 
statuses (all, p for interaction >0.05). Moreover, the prediction of the ANS on subclinical CAD was not modified by sex, 
age ≥65 years, and smoking, ischemic stroke, hypertension, diabetes mellitus, and dyslipidemia statuses (all, p for 
interaction >0.05). The specific subgroup analysis results are illustrated in Figures 6A and B, Figure 7A–G and 
Figure 8A–G. Figure 7A–G shows visualization of the interaction between ANS and CAD subgroup analysis. 
Figure 8A–G shows visualization of the interaction between ANS and subclinical CAD subgroup analysis.

Discussion
In the present study, multivariate logistic regression analysis revealed that the ANS was an independent risk factor for 
CAD and subclinical CAD. Moreover, our analyses suggested that male sex, age ≥65 years, smoking, hypertension, 
diabetes, dyslipidemia, ischemic stroke, and ANS were independent predictors of CAD or subclinical CAD. Therefore, 
we developed and validated diagnostic nomograms incorporating the ANS and other clinical risk factors to predict CAD 
and subclinical CAD. The AUC values for the nomograms based on these predictors were 0.799 for the CAD nomogram 
and 0.809 for the subclinical CAD nomogram, each of which exhibited a good diagnostic value (AUC = 0.7). The 
calibration curve and DCA also indicated good diagnostic performance of the nomograms. Additionally, the association 
between the ANS and CAD or subclinical CAD was not significantly affected by sex, age ≥65 years, smoking, ischemic 
stroke, hypertension, diabetes mellitus, and dyslipidemia. To our best knowledge, this is the first clinical diagnostic 
model to incorporate the ANS to identify the risk of CAD or subclinical CAD. For patients with CAD and subclinical 
CAD, this nomogram can help clinicians identify high-risk patients early and give proper treatment.

Coronary artery calcification is a well-recognized feature of coronary atherosclerotic disease and is commonly used as 
a risk-marker for cardiovascular risk prediction.31 Previous studies have shown that CCTA can not only document the 
presence of coronary atherosclerosis, but it can also provide comprehensive information on CAD, including the location, 
severity, and plaque characteristics.32–34 Therefore, we can screen for CAD or subclinical CAD according to CAC score 
guidelines.6,35 In our current study, 87% of patients with CAD had varying degrees of coronary artery calcification 
(Table 1). Likewise, 87.2% of patients with subclinical CAD had varying degrees of coronary artery calcification (Table 2).

Figure 5 Receiver operating characteristic curve (A), calibration curve (B), and decision curve analysis (C) for the subclinical CAD nomogram. 
Abbreviations: AUC, area under the curve; CAD, coronary artery disease.
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Inflammation has been linked to atherosclerosis and its complications in various experimental investigations.36–38 

Previous studies have shown that white blood cell counts are associated with CAD and an increased risk of ischemic 
disease.12,39 Neutrophils have been shown to play an important role in mediating the inflammatory response.40 

Additionally, lymphocytes play an important role in the regulation of the inflammatory response and stages of the 
atherosclerotic process.41 Cho et al suggested that the NLR can be used for risk stratification in patients with ST-elevation 
myocardial infarction undergoing primary percutaneous coronary intervention. Moreover, the NLR may be an indepen-
dent risk factor in CAD.42 Presumably, the mechanism is that neutrophils release inflammatory mediators and cytokines 

Figure 6 Forest graphs based on subgroup analysis for evaluating the prognostic implication of the ANS in various stratifications, including sex, age, smoking, hypertension, 
diabetes, dyslipidemia, and ischemic stroke. The OR was evaluated based on per 1 score increase in the ANS. (A) Subgroup analysis of the ANS in patients with CAD, (B) 
subgroup analysis of the ANS in patients with subclinical CAD. 
Abbreviations: ANS, albumin/neutrophil-to-lymphocyte ratio score; CAD, coronary artery disease; OR, odds ratio; CI, confidence interval.
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after myocardial damage caused by acute myocardial infarction. They cause a change in the ratio of neutrophils to 
lymphocytes.9 Notably, we found a statistically significant difference in the NLR between the CAD and non-CAD groups 
(Table 1). There was also a statistically significant difference in NLR between subclinical CAD and non-CAD groups 
(Table 2).

Most of the existing evidence suggest that serum albumin reflects the severity of inflammation and illness in acute 
disease.43–45 Serum albumin can play anti-inflammatory and immunomodulatory roles, and reduced albumin synthesis 
caused by inflammation may have consequences for immune defense. Albumin levels are also influenced by nutritional 
status. Thus, inflammation and malnutrition both reduce the albumin concentration by reducing its synthesis rate. 
Additionally, low serum albumin levels appear to be associated with increased CAD risk.44,46 Plakht et al claimed that 
low albumin levels on admission were associated with increased all-cause mortality in a follow-up study of patients with 
acute myocardial infarction.47 In our study, we found a statistically significant difference in albumin between the CAD 
and non-CAD groups (Table 1). We also found a statistically significant difference in albumin between subclinical CAD 
and non-CAD groups (Table 2).

Figure 7 Visualization analysis of the interaction between the ANS in patients with CAD and sex (A), age (B), smoking (C), hypertension (D), diabetes (E), dyslipidemia (F), 
and ischemic stroke (G). 
Abbreviations: ANS, albumin/neutrophil-to-lymphocyte ratio score; CAD, coronary artery disease.

Figure 8 Visualization analysis of the interaction between the ANS in patients with subclinical CAD and sex (A), age (B), smoking (C), hypertension (D), diabetes (E), 
dyslipidemia (F), and ischemic stroke (G). 
Abbreviations: ANS, albumin/neutrophil-to-lymphocyte ratio score; CAD, coronary artery disease.
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The novel inflammation-related marker ANS was first evaluated as a powerful prognostic index for oral cavity 
squamous cell carcinoma.48 The ANS combines albumin and the NLR; thus, it is clear that the ANS incorporates the 
factors that play pivotal roles in patients’ immune and systemic inflammation status. The ANS has been reported to be 
associated with patients with colorectal cancer and patients after mandibulofacial reconstruction with a fibula flap.13,14 

Fang et al reported that the ANS was a more powerful prognostic factor of overall survival than modified Glasgow 
Prognostic Score (mGPS) and systemic inflammation score (SIS) in colorectal cancer patients with radical resection.13 

The ANS was defined as follows: the cut-off points for albumin and NLR values were 39.75 and 2.39, respectively, 
which were derived using ROC analysis. For the ANS assessment, patients with serum albumin levels ≥39.75 g/L and 
NLR <2.39 were assigned a score of 0; patients with either hypoalbuminemia (albumin level <39.75 g/L) or elevated 
NLR levels (≥2.39) were scored as 1; and those with both hypoalbuminemia (albumin level <39.75 g/L) and an increase 
in NLR levels (≥2.39) were scored as 2. With each additional point of the ANS, the OR of overall survival after full 
adjustment was 2.112 (OR = 2.112; 95% CI: 1.314–3.395).13 In the same way, Zhongqi et al demonstrated that the ANS 
as an independent risk factor for postoperative complications after mandibulofacial defect reconstruction with a fibula 
free flap. The ANS was calculated as follows: the cut-off points for albumin and NLR values were 37.150 g/L and 2.723, 
respectively, according to ROC analysis results. Values below the cut-off value for albumin and over the cut-off value for 
the NLR were given 1 point each, providing a possible ANS ranging from 0 to 2.14 In addition, Zhongqi et al found that 
a prognostic nomogram incorporating the ANS and other clinical risk factors demonstrated the pivotal role of systemic 
inflammation in predicting complications.14 These findings are consistent with our results. Our study reported that the 
ANS is a good indicator of systemic inflammation. Multivariate logistic regression analysis showed that the OR of the 
ANS in patients with CAD per 1 score increase was 3.533 (95% CI: 2.349, 5.314), and the OR of the ANS in patients 
with subclinical CAD per 1 score increase was 3.610 (95% CI: 2.380, 5.475) (model 3, Table 3). Thus, we demonstrated 
that a higher ANS was significantly associated with an increased risk of CAD or subclinical CAD morbidity. The 
independent association of circulating biomarkers of inflammation with the risk of future cardiovascular events has been 
previously demonstrated in clinical studies, such as C-reactive protein (CRP), interleukin-6 (IL-6), and so on.49 However, 
the ANS is easy to calculate in clinical practice, suggesting that it may be a more useful clinical predictor of CAD and 
subclinical CAD.

Limitations
This study has some limitations. First, our data were from a single center, and selection bias may have occurred. Thus, 
the findings should be interpreted with caution, and further validation is needed in a prospective multicenter study. 
Second, although our nomogram was validated using bootstraps with 1000 resamples, further prospective multicenter 
studies should be performed to externally validate our nomogram. Third, our sample size was relatively small and the 
adjustment of risk factors may be relatively limited.

Conclusion
Here, we constructed and validated relatively accurate clinical nomograms incorporating the ANS that demonstrated 
adequate discrimination and calibration to provide an individualized estimation of the risk for CAD and subclinical CAD.
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