Original Manuscript

Clinical and Applied
Thrombosis/Hemostasis

Volume 27: |-11

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/107602962 11060455
journals.sagepub.com/home/cat

®SAGE

Nomograms Based on the Advanced Lung
Cancer Inflammation Index for the Prediction
of Coronary Artery Disease and Calcification

Wenjun Fan, MM /| Ying Zhang, MM (| Yixiang Liu, MM/,
Zhenjiang Ding, MM (/| Yueqiao Si, MM, Fei Shi, MM/
Jingyi Liu, MM ©© | and Lixian Sun, MD

Abstract

Aim: To develop and validate 3 nomograms incorporating the advanced lung cancer inflammation index (ALl) that can aid in
predicting the risk of coronary artery disease (CAD) and coronary artery calcification (CAC).

Methods: The study enrolled 562 consecutive patients with suspected CAD who underwent coronary computed tomographic
angiography between September 2015 and June 2017. Independent risk factors for CAD, CAC, and CAD with CAC were iden-
tified via univariate and multivariate analysis, and nomograms were established based on the independent predictors identified.
The area under the curve (AUC), calibration curve, and decision curve analysis were used to evaluate the nomograms.
Correlations between ALl and other clinical indicators were examined via Spearman correlation analysis.

Results: In total, 549 patients with suspected CAD who underwent coronary computed tomographic angiography were
included. Male sex, hypertension, diabetes, dyslipidemia, ischemic stroke, and ALl were independent predictors of both CAD
and CAC. Male sex, hypertension, diabetes, dyslipidemia, and ALl were also identified as independent predictors of CAD
with CAC. The AUC values for the nomograms developed using these risk factors were 0.739 (95% confidence interval [Cl],
0.693-0.785), 0.728 (95% Cl, 0.684-0.772), and 0.717 (95% Cl 0.673-0.761), respectively. ALl was negatively correlated with neu-
trophil-to-lymphocyte ratio and CAC score and positively correlated with serum albumin levels and body mass index (all P<.05).
Conclusions: ALl is an independent predictor of CAD, CAC, and CAD with CAC. Our ALl-based nomograms can provide
accurate and individualized risk predictions for patients with suspected CAD.
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an important predictor of future CAD risk,” a CAC-related model

may aid in the early identification of CAD.

Understanding and appropriately quantifying the contribu-
tions of key risk factors is critical for formulating and optimiz-
ing preventive strategies for CAD.'® The recently proposed

Introduction

Coronary artery disease (CAD) is the leading cause of cardiovas-
cular mortality and morbidity worldwide.' Coronary atheroscle-
rosis is a chronic inflammatory disease characterized by
atherosclerotic plaque formation due to intimal inflammation

and repeated cycles of erosion, fibrosis, healing, and calcifica-
tion.>> Coronary artery calcification (CAC) is a specific
marker of CAD and is closely related to the atherosclerotic
plaque burden.* Given its ability to provide information regard-
ing plaque volume and composition beyond luminal stenosis,
non-invasive coronary computed tomographic angiography
(CCTA) is widely used for first-line investigation in patients
with suspected CAD.>” Indeed, research has demonstrated
that the CAC score calculated based on CCTA findings is a val-
uable tool for the stratification of patients with low-to-intermedi-
ate risk CAD.>® As early detection of CAC has been identified as

advanced lung cancer inflammation index (ALI; body mass
index [BMI] [kg/m®]x serum albumin level [ALB] [g/dL]/
neutrophil-to-lymphocyte ratio [NLR])'! is a marker of exacer-
bated systemic inflammation,'? which has been associated with
CAD in previous studies.'*"'* Several studies have also reported
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Figure 1. Screening flowchart of all patients enrolled in the study.

Abbreviations: CAD, coronary artery disease; CCTA, coronary computed tomographic angiography; CAC, coronary artery calcification; ALI,
advanced lung cancer inflammation index; ROC, receiver operating characteristic; DCA, decision curve analysis.

associations between low ALI and clinical outcomes in patients
with a variety of malignancies.'"'>~!” However, to our knowl-
edge, no study has assessed the diagnostic utility of the ALI for
CAD or CAC.

The nomogram is a widely utilized statistical tool that uses 2
or more biological and clinical variables to calculate the proba-
bility of a particular outcome for an individual patient.'®!” In
the present study, we aimed to develop and validate
ALI-based nomograms for predicting the risk of CAD and
CAC. We hypothesized that ALI would be identified as an inde-
pendent risk factor for both CAD and CAC.

Materials and Methods

Study Population and Ethical Approval

We included 562 inpatients with suspected CAD who under-
went CCTA at the Affiliated Hospital of Chengde Medical
University between September 2015 and June 2017. The

inclusion criteria were as follows: myocardial ischemic symp-
toms, clinically suspected diagnosis of CAD, agreement to
undergo CCTA. CAD was diagnosed based on the presence
of >50% stenosis in at least one branch of the left main, left
anterior descending, left circumflex, or right coronary artery
on CCTA.?° The exclusion criteria were as follows: acute cor-
onary syndrome, connective tissue disease, severe valvular
heart disease, hypertrophic cardiomyopathy, and constrictive
pericarditis.

The study was approved by the Institutional Review Board
of The Affiliated Hospital of Chengde Medical University,
and all participants provided written informed consent.

Clinical Data Collection

Data related to demographic and clinical characteristics were
collected during hospitalization by postgraduate students.
Age, sex, height, weight, routine blood test results, and
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Table |. Baseline Clinical Characteristics for the CAD and non-CAD Groups.

Variables CAD group (n=396) Non-CAD group (n=153) ¥z P
Male sex (%) 242(61.1) 56(36.3) 26.715 <.001
Age (years) 61.00(53.25,66.00) 59.00(53.00,64.00) —1.697 .090
Height (m) 1.66(1.60,1.72) 1.63(1.58,1.70) —-3.700 <.001
Body weight (kg) 70.00(63.00,79.00) 69.00(61.00,75.00) —2.468 014
BMI (kg/m?) 25.39(23.89,27.61) 25.18(23.18,27.89) —0.856 392
Chest pain (%) 205(52.0) 57(37.7) 8.920 .003
Smoking (%) 176(44.8) 35(23.2) 21.446 <.001
Hypertension (%) 303(76.5) 85(55.6) 23.392 <.001
Diabetes (%) 136(34.3) 32(20.9) 9.371 .002
Dyslipidemia (%) 293(74.0) 87(56.9) 15.194 <.001
Ischemic stroke (%) 61(15.6) 11(7.3) 6.423 oIl
Total cholesterol >5.2 mmol/L (%) 159(40.2) 27(17.6) 24.950 <.001
Triglycerides >1.7 mmol/L (%) 243(59.1) 66(43.1) 11.333 <.001
HDL-C <1.04 mmol/L (%) 173(44.4) 59(38.6) 1.509 219
LDL-C >3.38 mmol/L (%) 52(13.3) 12(7.9) 3.107 .078
WBC count (107/L) 6.72(5.50,7.92) 6.88(5.69,7.79) —0.305 .760
Platelet count (10%/L) 221.00(185.00,252.00) 231.00(187.00,272.00) —2.298 .022
Neutrophil count (10°/L) 4.03(3.15,5.10) 4.11(3.29,5.15) —0.256 798
Lymphocyte count (10°/L) 1.81(1.44,2.33) 2.00(1.53,2.38) —1.444 .149
Monocyte count (10%/L) 0.44(0.35,0.57) 0.43(0.32,0.52) —0.861 .389
ALB (g/dL) 4.02(3.75,4.26) 4.10(3.83,4.31) —1.670 .095
Creatinine (umol/L) 68.65(58.13,79.18) 63.80(54.90,75.00) -3.188 <.001
Serum uric acid (umol/L) 311.40(266.13,360.98) 304.00(244.60,365.00) —1.472 141
Blood urea nitrogen (mmol/L) 5.37(4.43,6.28) 5.15(4.24,5.89) -2.076 .038
Left atrial diameter (mm) 34.00(31.00,37.00) 32.00(30.00,35.00) -3.697 <.001
Left ventricular end-systolic diameter (mm) 33.00(30.00,35.00) 32.00(29.00,34.00) —2.030 .042
Left ventricular end-diastolic diameter (mm) 50.00(47.00,53.00) 49.00(46.00,51.00) —2.041 .041
Aortic valve calcification (%) 20(5.4) 2(1.5) 3.608 .058
Abnormal wall motion (%) 247(66.2) 67(50.0) 11.001 <.001
Stenotic coronary artery

Left main 35(8.0) - - -
Left anterior descending 246(55.9) - - -
Left circumflex 64(14.5) - - -
Right coronary 95(21.6) - - -
Quantified stenosis

50% to 74% 140(31.8) - - -
75% to 100% 300(68.2) - - -
CAC score 171.80(21.03,505.45) 0(0,0) —14.871 <.001
No calcification (CAC score =0) 53(13.4) - - -
Mild calcification (CAC score= |-100) 107(27.0) - - -
Moderate calcification (CAC score = 101-400) 115(29.0) - - -
Severe calcification (CAC score >400) 121(30.6) - - -
ALl 47.08(32.73,68.51) 52.03(37.07,69.10) —1.489 136

Abbreviations: CAD, coronary artery disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

WBC, white blood cell; ALB, albumin; CAC, coronary artery calcification; AL, advanced lung cancer inflammation index.

biochemical test results were recorded. Patients also underwent
careful assessment for typical clinical risk factors for CAD,
such as diabetes, hypertension, dyslipidemia, and ischemic
stroke. Hypertension was defined as systolic blood pressure
>140 mmHg (1 mmHg=0.133 kPa) and/or diastolic blood
pressure >90 mmHg at rest, or a previous diagnosis of hyper-
tension with antihypertensive therapy.?' Diabetes mellitus
was defined as follows, in accordance with American
Diabetes Association criteria: (1) glycated hemoglobin value
of 6.5% or higher, (2) fasting plasma glucose >126 mg/dL
(7.0 mmol/L), (3) 2-h plasma glucose >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 random plasma glucose >200 mg/dL (11.1 mmol/
L). In the absence of unequivocal hyperglycemia, the first 3 cri-
teria were confirmed by repeating the test.”> 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, triglycer-
ide level >1.7 mmol/L, or a previous diagnosis of dyslipidemia
with prescribed medication.”> Ischemic stroke was diagnosed
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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 up the points for all factors and locate the value on the total point line.
Subsequently, draw a vertical line down to the risk of CAD. For example, the factors of male sex (100 points), hypertension (85.5 points),
diabetes (48 points), absence of dyslipidemia (0 points), ischemic stroke (75 points), and ALI <39.29 (57.5 points) result in a total of 366 points,
which gives an estimated probability of 94% for the occurrence of CAD.

Abbreviations: ALI, advanced lung cancer inflammation index; CAD, coronary artery disease.

by 2 experienced clinical neurologists from the Department of
Neurology based on the recommendations of the World
Health Organization. Diagnoses were confirmed by evaluating
clinical symptoms, neurological examination results, and com-
puted tomography and/or magnetic resonance imaging find-
ings.?* ALI was calculated using the following formula: ALI
=BMI (kg/m®)x ALB (g/dL)/NLR."!

Calculation of CAC Score

CCTA was performed using a 320-detector row computed
tomography scanner (Aquilion ONE; Toshiba Medical
Systems). Calcium was identified based on the presence of at
least 3 contiguous imaging pixels >1 mm? with a density
>130 Hounsfield units (HU). The CAC score was calculated
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Figure 3. 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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Figure 4. Nomogram to estimate the risk of CAC. To estimate the risk of CAC, 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 up the points for all factors and locate the value on the total point line.
Subsequently, draw a vertical line down to the risk of CAC. For example, the factors of male sex (100 points), hypertension (72.5 points),
absence of diabetes (0 points), dyslipidemia (67.5 points), ischemic stroke (81 points), and ALI <39.29 (48 points) result in a total of 369 points,
which gives an estimated probability of 92% for the occurrence of CAC.

Abbreviations: ALI, advanced lung cancer inflammation index; CAC, coronary artery calcification.

as the sum of the calcium scores of the 4 main coronary arteries
(left main, left anterior descending, left circumflex, and right
coronary) according to the Agatston scoring algorithm.>> A
weighting factor of 1 to 4 (1 for 130-199 HU, 2 for 200-299
HU, 3 for 300-399 HU, and 4 for >400 HU) was assigned
based on computed tomography density, and the CAC score
was calculated as the area of the lesion multiplied by the
weighting factor. Patients were categorized into the following

4 groups based on their CAC scores: absent (CAC score =0),
mild (CAC score =1-100), moderate (CAC score =101-400),
and severe (CAC score >400).

Statistical Analysis

All statistical analyses were performed using SPSS (version
26.0; SPSS Inc., Chicago, IL, USA) and R software (version
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Figure 5. Receiver operating characteristic curve (a), calibration curve (b), and decision curve analysis, (c) for the CAC nomogram.

Abbreviations: AUC, area under the curve; CAC, coronary artery calcification.
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Figure 6. Nomogram to estimate the risk of CAD with CAC. To estimate the risk of CAD with CAC, 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 up the points for all factors and locate the value on the
total point line. Subsequently, draw a vertical line down to the risk of CAD with CAC. For example, the factors of female sex (0 points),

hypertension (87 points), diabetes (63 points), dyslipidemia (67.5 points), and ALI <39.29 (48 points) result in a total of 265.5 points, which

gives an estimated probability of 77% for the occurrence of CAD with

CAC.

Abbreviations: ALI, advanced lung cancer inflammation index; CAD, coronary artery disease; CAC, coronary artery calcification.

4.0.2; R Foundation for Statistical Computing, Vienna,
Austria). The normality of continuous variables was determined
using the Kolmogorov—Smirnov test. Continuous variables
without a normal distribution are presented as medians (inter-
quartile range) and were compared using the Mann—Whitney
U-test. Categorical variables are presented as numbers (%)

and were compared using the ° test. The optimal ALI cutoff
value (39.29) for the diagnosis of CAD was determined using
receiver operating characteristic (ROC) curves and Youden’s
index. This value was used for all analyses in the current
study. Spearman’s rank correlation coefficients were used to
examine correlations between clinical variables and ALIL
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Figure 7. Receiver operating characteristic curve (a), calibration curve (b), and decision curve analysis (c) for the CAD with CAC nomogram.
Abbreviations: AUC, area under the curve; CAD, coronary artery disease; CAC, coronary artery calcification.
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Table 2. Baseline Clinical Characteristics for the Low-ALIl and High-ALl Groups.

Variables Low-ALI group (n=188) High-ALI group (n=361) 1z P
Age (years) 61.00(54.00,68.00) 59.00(53.00,65.00) —-1.410 .158
Male sex (%) 118(62.8) 180(49.9) 8.295 .004
BMI (kg/m?) 24.22(22.49,26.12) 25.89(23.94,28.26) —5.936 <.001
ALB (g/dL) 3.92(3.64,4.20) 4.09(3.84,4.32) -5219 <.001
Neutrophil count (10°/L) 5.07(3.87,6.01) 3.60(2.87,4.46) —10.100 <.001
Lymphocyte count (10°/L) 1.44(1.14,1.74) 2.17(1.70,2.48) —12.136 <.001
NLR 3.29(2.81,4.16) 1.73(1.37,2.11) —17.869 <.001
CAD (%) 147(78.2) 249(69.0) 5.224 .022
Hypertension (%) 131(69.7) 257(71.2) 0.136 712
Diabetes (%) 61(32.4) 107(29.6) 0.459 498
Dyslipidemia (%) 111(59.0) 269(74.5) 13.890 <.001
Ischemic stroke (%) 23(12.5) 49(13.7) 0.158 691
CAC score 94.50(0.00,508.50) 25.00(0.00,288.00) —2.678 .007

Abbreviations: ALI, advanced lung cancer inflammation index; BMI, body mass index; ALB, albumin; NLR, neutrophil to lymphocyte ratio; CAD, coronary artery

disease; CAC, coronary artery calcification.

Variables with P-values <.20 in the univariate analysis were
included in the multivariate analysis. Multivariate logistic
regression analysis was performed to identify independent
risk factors (statistical significance was set at P<.05), and a
forward selection method was used to identify the most
precise combinations for predicting CAD, CAC, and CAD
with CAC. The “rms” package in R was used to establish nomo-
grams based on these independent predictors. The discrimina-
tive ability, predictive accuracy, and clinical usefulness of the
models were assessed using ROC curves, calibration plots,
and decision curve analysis (DCA). DCA was performed
using the “rmda” package in R. A total of 1000 bootstrap resam-
ples were employed to reduce the overfitting bias.

Results

Patient Characteristics

In total, 549 patients with suspected CAD who underwent
CCTA were included in our study (Figure 1) and assigned to
the CAD (n=396) and non-CAD groups (n=153). Table 1
shows the clinical characteristics of the included patients. The
CAD group exhibited a higher prevalence of male sex, chest
pain, smoking, hypertension, diabetes, dyslipidemia, ischemic
stroke, total cholesterol  >5.2 mmol/L, triglycerides
>1.7 mmol/L, and abnormal wall motion (all P<.05). Median
height, body weight, creatinine, blood urea nitrogen, left
atrium diameter, left ventricular end-systolic diameter, left ven-
tricular end-diastolic diameter, and CAC scores were signifi-
cantly higher in the CAD group than in the non-CAD group
(all P<.05).

When analyses were performed based on ALI, patients in the
low-ALI group (ALI <39.29) were more likely to be male and
have CAD and dyslipidemia than those in the high-ALI group
(all P<.05). Neutrophil count, NLR, and CAC scores were
higher in the low-ALI group (ALI < 39.29) than in the
high-ALI group, whereas BMI, ALB, and lymphocyte levels
were lower (ALI >39.29; all P<.05) (Table 2).

Correlation Analysis

In the Spearman correlation analysis, ALI was negatively corre-
lated with NLR, white blood cell count, neutrophil count,
monocyte count, and CAC score (all P<.05), whereas ALB,
BMI, total cholesterol level, triglyceride level, low-density lipo-
protein cholesterol level, platelet count, and lymphocyte count
were positively correlated with ALI (all P<.05) (Table 3).

Feature Selection and Nomogram Development

The forward stepwise logistic regression analysis identified
male sex, hypertension, diabetes, dyslipidemia, ischemic
stroke, and ALI as independent predictors of CAD and CAC
(Tables 4 and 5). Male sex, hypertension, diabetes, dyslipide-
mia, and ALI were also identified as independent predictors

Table 3. Correlations of ALI With Other Clinical Parameters.

ALl

Variable R P

ALB (g/dL) 0.254 <.001
BMI (kg/m?) 0.333 <.001
NLR —-0.932 <.001
Total cholesterol (mmol/L) 0.171 <.001
Triglycerides (mmol/L) 0.201 <.001
LDL-C (mmol/L) 0.087 .043
WBC count (10°/L) —0.203 <.001
Platelet count (10°/L) 0.086 .044
Neutrophil count (10°/L) —0.549 <.001
Lymphocyte count (10°/L) 0.620 <.001
Monocyte count (10%/L) —0.100 019
CACS —-0.102 0lé6

Abbreviations: ALI, advanced lung cancer inflammation index; ALB, albumin;
BMI, body mass index; NLR, neutrophil to lymphocyte ratio; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; WBC, white blood cell; CACS, coronary artery calcification score.
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Table 4. Multiple Logistic Regression
Predictors of CAD.

Analysis for Independent

Wald

Variables B SE x2 P OR 95% ClI

Male sex 1.099 0.214 26322 <00l 3.003 1.973to
4.570

Hypertension 0.942 0220 18353 <.001 2564 1.667 to
3.945

Diabetes 0.529 0.245 4.641 .031  1.697 1.049 to
2.745

Dyslipidemia ~ 0.926 0.225 17.007 <.001 2.525 1.626 to
3.922

Ischemic 0.825 0.363 5.157 .023 2281 [1.120to
stroke 4.648

ALl 0.628 0.237 7.005 .008 1.873 I.177to
2.982

Abbreviations: CAD, coronary artery disease; SE, standard error; OR, odds
ratio; Cl, confidence interval; ALI, advanced lung cancer inflammation index.

of CAD with CAC (Table 6). Models incorporating these inde-
pendent predictors were developed and presented as nomo-
grams. Each predictor was assigned a point in the graphical
interface of the nomogram, the bottom of which included a
line indicating the total number of points. Scores for each pre-
dictor ranged from 0 to 100, and the total point value was deter-
mined by summing the scores for each predictor. The total score
corresponded to the individual risk of developing CAD, CAC,
or CAD with CAC (Figures 2 to 6).

Validation of the Nomograms

For the CAD nomogram, the area under the curve (AUC) was
0.739 (95% confidence interval [CI], 0.693-0.785; Figure 3a).
The nomogram had a bootstrapped concordance index of
0.739 and was well-calibrated (Figure 3b). For the CAC nomo-
gram, the AUC was 0.728 (95% CI, 0.684-0.772) (Figure 5a).
The probabilities predicted by the nomogram were well-
matched with clinical outcomes (Figure 5b). For the CAD
with CAC nomogram, the AUC was 0.717 (95% CI,
0.673-0.761) (Figure 7a), and good agreement was observed
between the predicted and observed probabilities of CAD
with CAC (Figure 7b).

Clinical Benefit Evaluation

To evaluate the ability of the nomograms to improve clinical
decision-making, each model was evaluated using DCA.
When the threshold probability was approximately 38% to
98%, the benefit of using the CAD nomogram was beyond
both the thin gray line (treat-all scheme) and the thick gray
line (treat-none scheme) (Figure 3¢). Furthermore, the threshold
probability could be set between 30% and approximately 88%
when the benefit of using the CAC nomogram was greater than
either the treat-all or treat-none scheme (Figure 5c). Moreover,
the DCA demonstrated a net benefit of using the nomogram to

predict CAD with CAC when the threshold probability was
approximately 28% to 88% (Figure 7c).

Discussion

In this study, we developed and validated 3 ALI-based nomo-
grams for predicting CAD, CAC, and CAD with CAC. Our
multivariate logistic regression analysis revealed that ALI was
an independent risk factor for CAD, CAC, and CAD with
CAC. The odds ratios for the associations of ALI with CAD,
CAC, and CAD with CAC risk were 1.873 (95% CI,
1.177-2.982), 1.661 (95% CI, 1.088-2.534), and 1.608 (95%
CI, 1.069-2.420), respectively. Our analyses suggested that
male sex, hypertension, diabetes, dyslipidemia, ischemic
stroke, and ALI were independent predictors of CAD and
CAC. Male sex, hypertension, diabetes, dyslipidemia, and
ALI were also identified as independent predictors of CAD
with CAC. The AUC values for the nomograms based on
these predictors were 0.739 for the CAD nomogram, 0.728
for the CAC nomogram, and 0.717 for the CAD with CAC
nomogram, all of which exhibited good diagnostic value
(AUC 0.7). The calibration curve and DCA also indicated
good diagnostic performance of the nomograms. To the best
of our knowledge, this is the first clinical diagnostic model to
incorporate ALI for identifying the risk of CAD, CAC, and
CAD with CAC in patients who have undergone CCTA.
Atherosclerotic lesion progression is associated with intimal
calcification.?® CAD has long been regarded as a chronic low-
grade, subclinical, systemic inflammatory disease, and the role
of calcification in CAD is gaining importance given that plaque
calcification is closely related to the level of vascular inflamma-
tion.?” Non-invasive tests have been increasingly used for risk
stratification and to aid in the clinical decision-making
process in patients with suspected CAD.?® Previous research
has demonstrated the clinical utility of CAC scores, reporting
that an absence of calcium reliably excludes the diagnosis of

Table 5. Multiple Logistic Regression Analysis for Independent
Predictors of CAC.

Wald

Variables B SE 22 P OR 95% ClI

Male sex 1.043 0.197 27943 <.00l 2837 1.927to
4.175

Hypertension  0.758 0209 13.184 <.00l 2.134 1417to
3.213

Diabetes 0.690 0.226 9337 .002 1994 1.28] to
3.103

Dyslipidemia ~ 0.703 0212 [1.001 .00l 2019 1.333to
3.059

Ischemic 0846 0323 6.840 .009 2329 1.236¢to
stroke 4.389

ALl 0.507 0.216 5.53I .019 1.661 1.088 to
2.534

Abbreviations: CAC, coronary artery calcification; SE, standard error; OR, odds
ratio; Cl, confidence interval; ALI, advanced lung cancer inflammation index.
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Table 6. Multiple Logistic Regression
Predictors of CAD with CAC.

Analysis for Independent

Wald
Variables B SE 22 P OR 95% ClI
Male sex 0.937 0.191 25972 <001 2646 1.820to
3.848
Hypertension 0.845 0.203 17312 <.001 2327 [.563 to
3.465
Diabetes 0617 0217 8129 004 1854 12I3to
2.834
Dyslipidemia  0.657 0.206 10.145 <001 1929 1.288to
2.890
ALl 0475 0208 5.196 .023 1.608 1.069 to
2.420

Abbreviations: CAD, coronary artery disease; CAC, coronary artery
calcification; SE, standard error; OR, odds ratio; Cl, confidence interval; ALI,
advanced lung cancer inflammation index.

obstructive coronary artery stenosis.”’ Furthermore, higher
calcium scores have been associated with a greater likelihood
of future acute coronary events.”® Considering the important
role of inflammation in atherosclerosis and CAC, exploring
novel risk factors that can be used to identify each patient’s
level of risk remains crucial.

The novel inflammation-related marker ALI was first evalu-
ated as a powerful prognostic index for metastatic non-small
cell lung cancer.'! The ALI combines BMI, ALB, and NLR
(BMIx ALB/NLR), all of which play pivotal roles in nutri-
tional, immune, and systemic inflammation status.'%3°
Previous studies have reported that the ALI is associated with
non-small cell lung cancer,!' esophageal squamous carci-
noma,'” colorectal cancer,’® and diffuse large B-cell lym-
phoma.16 A low ALI based on a decreased BMI, lower ALB,
and/or high NLR indicates a high level of systemic inflamma-
tion.! Among these 3 factors, BMI may represent the patient’s
nutritional status, and it is not rare for patients with CAD to
experience malnutrition characterized by anorexia, weight
loss, insulin resistance, and increased breakdown of muscle
protein.'**? These conditions lead to a poor prognosis and
are often observed in patients with chronic heart disease.**> A
similar association between malnutrition, inflammation, and
atherosclerosis has also been reported in patients with end-stage
renal disease.**

Inflammation and oxidative stress are at the forefront in the
initiation and development of atherosclerosis and the onset of
cardiovascular disease.'**2% ALB, which is the major
protein in human plasma, plays an important role in maintaining
a stable plasma colloid osmotic pressure and also functions as a
transport protein in combination with other substances.>” ALB
synthesis is regulated by nutrient intake, insulin levels, and
oncotic pressure.*> Serum ALB exhibits anti-inflammatory,
antioxidant, anticoagulant, and antiplatelet aggregation activity
as well as a colloid osmotic effect; thus, hypoalbuminemia may
act as a risk factor.*® Furthermore, there is increasing evidence
that hypoalbuminemia on admission is a strong independent

predictor of long-term mortality in patients with acute coronary
syndrome. >’

The NLR is a classic biomarker for systemic inflammation
and is based on the ratio of circulating neutrophils and lympho-
cytes, which can be calculated easily based on the results of
routine blood tests.'® Researchers have proposed that neutrophil
extracellular traps are released from stimulated neutrophils in a
process known as NETosis, which is closely related to inflam-
mation, thrombosis, oxidative stress, and cardiovascular dis-
eases.” Low lymphocyte counts have also been associated with
poor clinical outcomes in patients with CAD, and lymphocytope-
nia may reflect a poorly regulated immune response.'® Thus, an
increased NLR based on increased neutrophil counts and/or
decreased lymphocyte counts indicates an imbalance between
the innate and adaptive immune systems, resulting in a systemic
increase in proinflammatory cytokines.*' Previous studies have
shown that an elevated NLR is associated with coronary artery
calcium levels and CAD severity.””** These mechanisms may
have influenced the associations between malnutrition, inflamma-
tion, and cardiovascular outcomes in this study.

In summary, we constructed and validated relatively accu-
rate clinical nomograms, which demonstrated adequate discrim-
ination and calibration, in predicting the individual risk of
CAD, CAC, or CAD with CAC. Our findings highlight the
potential of these nomograms to improve individualized
patient counseling and clinical decision-making regarding treat-
ment for patients with CAD, CAC, and CAD with CAC.
Compared with classic markers of inflammation such as
C-reactive protein, the ALI is easy to calculate in clinical prac-
tice, suggesting that it may be a more useful clinical predictor of
CAD and CAC.

Limitations

This study had several limitations, including its single-center
design, which may have resulted in selection bias. Second,
although our nomograms were validated using bootstraps
with 1000 resamples, further prospective multicenter studies
should be performed for external validation.

Conclusion

In this study, we developed and validated nomograms incorpo-
rating a novel inflammation-related marker (ALI) and other
classical clinical risk factors to aid in predicting the risk of
CAD, CAC, and CAD with CAC. The proposed nomograms
demonstrated the pivotal role of systemic inflammation in pre-
dicting these diseases. Our findings highlight the potential of
these nomograms to improve individualized patient counseling
and clinical decision-making regarding personalized treatment
for CAD, CAC, and CAD with CAC.
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