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Purpose: To investigate the clinical application value of diagonal earlobe crease (DELC) in patients with chest pain for the diagnosis 
of coronary heart disease (CHD) and to construct a risk model by multivariate logistic regression.
Patients and Methods: Our trial enrolled prospectively and consecutively 706 chest pain patients with suspected CHD between 
January 2021 to June 2023 from Chengde Central Hospital. According to coronary angiography results, they were categorized into the 
CHD (n=457) and non-CHD groups (n=249).
Results: The trial demonstrated a significant positive relationship between DELC and CHD. Independent risk factors were sex, age, 
hypertension, diabetes mellitus, LP (a), Cys C, and DELC, whilst HDL-C was a protective factor, for CHD. Patients with-DELC were 
older than those in the without-DELC arm (P<0.001) and had a higher proportion of males than females (61.6% vs 50.0%, P=0.026). 
After multifactorial correction, independent risk factors for CHD included DELC (OR=1.660, 95% CI:1.153 to 2.388, P=0.006), age 
(OR=1.024, 95% CI:1.002 to 1.045, P=0.030), gender (OR=1.702, 95% CI:1.141 to 2.539, P=0.009), hypertension (OR=1.744, 95% 
CI:1.226 to 2.482, P=0.002), diabetes mellitus (OR=2.113, 95% CI:1.404 to 3.179, P<0.001), LP(a) (OR=1.010, 95% CI:1.003 to 
1.017, P=0.005), Cys C (OR=3.549, 95% CI:1.605 to 7.846, P=0.002). The Hosmer and Lemeshow (H-L) test (P=0.818) suggests 
a high goodness of fit, and the area under the ROC curve was calculated to be 0.721 (95% CI:0.682 to 0.760, P<0.001), which 
demonstrates that the model has a superior diagnostic value for CHD.
Conclusion: DELC is an independent risk factor for CHD after adjusting for sex, age, hypertension, diabetes mellitus, smoking index, 
LP (a), Cys C, and HDL-C. Our model can be used clinically for assessing the risk of CHD.
Keywords: coronary heart disease, diagonal earlobe crease, coronary angiography, model

Introduction
Coronary heart disease (CHD), also known as ischemic heart disease (IHD), is characterised by myocardial ischemia, 
hypoxia, or necrosis due to stenosis or occlusion of the lumen from coronary atherosclerosis.1 CHD is due to 
a combination of lifestyle, social and environmental factors, and has become a major global public health threat.2–4 

The burden of premature mortality from cardiovascular disease (CVD) in China decreased by 19.27% compared with that 
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of 15 years ago in 2020. Still, IHD remains the main cause of increased mortality.5 The prevalence of CHD is increasing, 
which is due to a combination of an aging population, high work pressure, and unhealthy lifestyles.3

Chest pain is the most frequent presenting complaint in the emergency department and cardiovascular medicine 
department, amongst which CHD is a frequent cause.6 The 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/ SCMR 
Guideline for the Evaluation and Diagnosis of Chest Pain defines chest pain as referred pain in the shoulders, arms, 
jaw, neck, and upper abdomen. To reduce ambiguity, it recommends using “cardiac”, “possible cardiac”, and “non- 
cardiac” to describe the potential causes of suspected chest pain.6 Amongst patients attending the emergency department 
with chest pain, non-cardiac chest pain accounted for more than 50%, and CHD or acute coronary syndrome (ACS) 
accounted for only 5.1%, but chest pain remains the most common symptom of CHD.6,7 Therefore, early diagnosis of 
CHD in patients experiencing chest pain and the provision of treatment is essential to reduce disability and mortality, 
thereby improving the quality of life in patients with slow life.

There are several ways to diagnose CHD. Coronary angiography (CAG) has become the gold standard for diagnosing 
CHD, but it is an invasive procedure that may result in vessel injury and intraoperative infection.8 Besides, the high cost and 
hospitalization make it difficult for some patients. Additionally, coronary computed tomography angiography (CCTA) is 
also a valuable adjunct, which make preliminary assessments of CHD severity.9 In comparison to CAG, CCTA does not 
necessitate a hospital stay and can provide additional information, especially about pericoronary attenuation and calcium 
score. However, the accuracy of CCTA may be affected by factors, such as patient obesity, high heart rate, or severe 
coronary artery calcification. It is important to consider that both CAG and CCTA require the use of iodine contrast agents, 
which may cause allergies in certain patients, and some primary hospitals lack the necessary equipment for differences in 
medical standards.9 Thus, the American Heart Association/American College of Cardiology (AHA/ACC) and the European 
Society of Cardiology (ESC) proposed the Duke clinical score (DCS) and the updated Diamond-Forrester model (UDFM), 
which categorize patients into low, intermediate, and high-risk populations through the estimation of pretest probability 
(PTP) to guide the decision of the need for CAG.10,11 Yet, several researches have shown that the classical UDFM described 
above overestimates the likelihood of CHD, thereby reducing diagnostic accuracy.12,13 Japanese scholars have argued that 
the inclusion of low-probability patients in clinical trials is usually neglected in PTP studies, which would then lead to the 
overuse of CAGs, and the estimation of PTP and clinical probability of CHD is often underestimated.14

Therefore, searching for fast, safe, convenient, and accurate diagnostic methods more acceptable to patients has 
a significant clinical application value. In 1973, Frank first discovered the diagonal earlobe crease (DELC) in the New 
England Journal of Medicine (N Engl J Med) and conducted a detailed analysis of 20 CHD patients with positive signs. 
And he proposed that DELC was associated with CHD, except that the above relationship needed to be further verified.15 

Ancient Chinese physicians observed that the “earlobe crease sign” was associated with the early onset of coronary 
atherosclerosis and that the DELC was once called the “CHD groove”.16 DELC, also known as Frank’s sign, is 
characterized by a fold that runs backward from the tragus at a 45⁰ angle across the lobule to the rear edge of the 
auricle.17 It is present on the skin surface of the earlobe. It is easily observed with the naked eye but has attracted little 
attention, likely because its clinical use has not been well-defined, so the link between DELC and CHD remains 
controversial. If its diagnostic precision is adequate to support decision-making, it will contribute to the early diagnosis 
and prevention of CHD.18 Fewer studies have included DELC in CHD risk models. Building upon the variables 
identified in the China-PAR study,19 our trial integrated easily observable DELC to model the risk of CHD.

Materials and Methods
Patients and Criteria
This study was a single-center, prospective cohort study, which consecutively included patients with chest pain with 
CHD suspected who were in the Department of Cardiology of Chengde City Central Hospital from January 2021 to 
June 2023. Based on CAG, patients who met the criteria were divided into the CHD and non-CHD groups. Incorporation 
criteria were patients presenting for chest pain, aged 18–80 years, consenting to CAGs, and agreeing to have a DELC 
taken. Exclusion criteria were a previous definitive diagnosis of CHD or a history of coronary revascularization 
(including percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG)); non-cardiac chest 
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pain; other cardiac conditions (eg, congenital heart disease, heart valve disease, or large vessel disease); iodine contrast 
allergy; patients wearing earrings. This study complies with the Declaration of Helsinki. All participants signed an 
informed consent. This trial is registered at http://www.chictr.org.cn, and the Chinese clinical registration number is 
ChiCTR2000041499.

Specimen Collection and Processing
The characteristics of all participants were obtained from the Department of Cardiovascular Medicine, Chengde City 
Central Hospital, Hebei Province, China. The following baseline details were collected. (1) Demographic characteristics: 
age, sex, height, weight, body mass index (BMI) was calculated- formula by BMI=kg/m2. (2) The serum enzymes and 
blood cytology indices included white blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb), red cell 
volume distribution width (RDW), glucose (Glu), total cholesterol (TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), lipoprotein (a) [LP (a)], and cystatin C (Cys C). (3) 
Other clinical characteristics include CHD-related risk factors and past history, ECG ST-T and cardiac ultrasound (left 
ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD), and segmental wall motion 
abnormalities (SWMA)). The earlobes of the patients were taken for evaluation in sitting or lying position under natural 
light source, and compliant DELCs were collected for inclusion in the study and examined by two experienced observers 
who were unaware of the patient’s condition.

The result of CAG is used as the basis for CHD diagnosis. A clinically significant stenosis was defined as stenosis of 
at least 50% of the vessel diameter.20 The major coronary arteries include the right coronary artery, left main coronary 
artery, left anterior descending branch, and left circumflex branch. The major branches include the first/second diagonal 
branch, the obtuse marginal branch, the acute marginal branch, the left ventricular posterior branch, and the posterior 
descending branch. Experienced cardiologists performed CAGs; the access route was radial or femoral artery, and CAGs 
were performed using the Judkins method, with at least 4 positions projected in the left coronary artery (left/right anterior 
oblique plus pedicled, left/right anterior oblique plus cephalic), and at least two right coronary arteries projected in the 
right coronary artery (left anterior oblique, orthogonal plus cephalic). CAGs were assessed by two independent experts, 
experienced interventionalists who had no conflict of interest with the study. The decision was made by joint consultation 
with the third experienced interventionalist in the case of a controversy.

Definition of Nouns
The definition of hypertension is based on repeated office SBP values ≥140 mmHg and/or DBP ≥90 mmHg.21 The 
definition of diabetes mellitus is based on the diagnostic and categorization criteria proposed by the WHO Expert 
Committee on Diabetes Mellitus (1999), which are used internationally.22 Overweight: 25kg/m2≤BMI<29.9kg/m2; 
Obesity: BMI≥30kg/m2.23 Smoking Index = smoking years×daily smoking volume. NLR= Neutrophil-to-Lymphocyte 
ratio.24 Family history of CHD includes first-degree relatives less than 55 years of age for men or less than 65 years of 
age for women, the occurrence of angina pectoris, myocardial infarction, sudden cardiac death without apparent cause, 
previous CABG or PCI.25 DELC is a deep diagonal crease (>1mm) extending at an angle from the ear screen to the outer 
edge of the earlobe, accounting for more than two-thirds of the length of the earlobe16 (Figure 1). Chest pain can be 
categorized as typical, atypical, or non-cardiac chest pain2,14 (Table 1).

Data Quality and Missing Data
Data were verified for completeness and inconsistencies. All missing values were Missing Completely at Random (MCAR); 
their percentage was less than 10% of the total cases. Any inconsistencies or incomplete data have been corrected and 
finalized. Direct deletion was used for cases with large amounts of missing data. The full continuous variables were imputed 
using stochastic regression imputation; the complete categorical variables were supplemented by mode.

Statistical Analysis
Student’s t-test or Mann–Whitney U-test was used for comparing groups, and continuous variables were presented as 
mean ± standard deviation or median and interquartile range. The chi-square test compared groups based on counts and 
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percentages (%) expressed as categorical variables. Individual risk factor features were examined using multivariate and 
univariate logistic regression analysis. By calculating odds ratios (ORs) and 95% confidence intervals (95% CIs), 
integrated diagnosis model based on sex, age, hypertension, diabetes mellitus, smoking index, LP (a), Cys C, and 
HDL-C with DELC. Model performance was visualized by plotting CHD receiver operating characteristics (ROC) and 
area under the curve (AUC). Furthermore, a Hosmer-Lemeshow (H-L) goodness-of-fit statistics was computed. Non- 
significant H-L statistics indicates that the model fit well. Variance Inflation Factor (VIF) was calculated to examine the 
multicollinearity between the influencing factors. A two-sided P<0.05 was statistically significant. SPSS version 26.0 
(IBM, Corporation, Armonk, NY, USA) was performed for statistical analysis, and graphics drawing used GraphPad 
Prism 8.0. The Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis 
(TRIPOD) statement was followed by our trial, and used as a reporting guideline.26

Results
Characteristics of Study Patients
A total of 1187 patients presenting with chest pain and suspected CHD were collected in this trial, and the inclusion and 
exclusion criteria were strictly followed: 31 refused angiography 155 cases with missing information, and 295 did not 

Figure 1 Diagonal Earlobe Crease.

Table 1 Traditional Clinical Classification of Chest Pain

Clinical Classification Clinical Characteristics

Typical Angina (1) Constricting discomfort or pain in the substernal chest or in the neck, jaw, shoulder, or arm. 

(2) Precipitated by physical exertion or emotional stress. 
(3) Relieved by rest or nitrates within 5 minutes. 

Typical angina meets all 3 characteristics.

Atypical Angina Atypical angina meets only 2.

Non-anginal Chest Pain If the pain has none or only 1 of the above characteristics, it is considered non-anginal/ non-cardiac chest symptoms.

Note: Data from these studies.2,14
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meet the inclusion criteria. Finally, 706 patients were included, with a mean age of (61.03 ± 8.78) years and 377 (53.4%) 
males. The flow chart of the trial is shown in Figure 2. Based on the diagnostic criteria, they were categorized into non- 
CHD group (n= 249) and CHD group (n= 457), in which 333 cases of CHD patients with DELC status (Figure 2).

The baseline clinical and procedural characteristics for all patients who were eligible for recruitment are listed in 
Table 2 and Table 3. Differential analysis showed that age, gender, smoking history, hypertension, diabetes mellitus, 

Figure 2 Flowchart of the trial. 
Abbreviations: CAG, Coronary angiography; DELC, Diagonal earlobe crease; CHD, Coronary heart disease.
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Table 2 Clinical Comparison of Subjects with and without CHD

Variables Non-CHD (n, 249) CHD (n, 457) t/χ2/Z P value

Age (years) 59.28 ± 8.86 61.99 ± 8.60 −3.953 <0.001

Male 110 (44.2%) 267 (58.4%) 13.149 <0.001

BMI (kg/m2) 25.71 ± 3.21 25.64 ± 3.36 0.299 0.765

BMI≥25 (kg/m2) 137 (55.0%) 249 (54.5%) 0.019 0.892

Smoking 86 (34.5%) 215 (47.0%) 10.310 0.001

Drinking 66 (26.5%) 143 (31.3%) 1.771 0.183

Previous History

Hypertension 142 (57.0%) 328 (71.8%) 15.746 <0.001

Diabetes Mellitus 44 (17.7%) 152 (33.3%) 19.533 <0.001

Hyperlipidaemia 130 (52.2%) 228 (49.9%) 0.347 0.556

Hyperuricemia 21 (8.4%) 44 (9.6%) 0.275 0.600

Stroke 40 (16.1%) 95 (20.8%) 2.325 0.127

COPD 6 (2.4%) 12 (2.6%) 0.030 0.862

Family history of CHD 17 (6.8%) 38 (8.3%) 0.497 0.481

Family history of Diabetes 6 (2.4%) 17 (3.7%) 0.878 0.349

Heart rate (beats/min) 77.23 ± 12.81 76.53 ± 12.22 0.710 0.478

Breathing (beats/min) 18.42 ± 1.16 18.42 ± 1.18 −0.030 0.976

SBP (mmHg) 135.12 ± 19.18 140.64 ± 19.21 −3.651 <0.001

DBP (mmHg) 82.68 ± 12.25 83.58 ± 12.85 −0.909 0.364

Laboratory test index

WBC (×109/L) 6.14 ± 1.80 6.30 ± 1.73 −1.153 0.249

RBC (×1012/L) 4.49 ± 0.50 4.49 ± 0.54 0.121 0.904

Hb (g/L) 140.69 ± 13.71 141.92 ± 15.23 -1.092 0.275

RDW (%) 14.03 ± 1.46 13.90 ± 1.38 1.209 0.277

Glu (mmol/L) 5.74 ± 1.49 6.03 ± 1.93 −2.188 0.029

TG (mmol/L) 1.78 ± 1.11 1.78 ± 1.46 −0.027 0.979

TC (mmol/L) 4.16 ± 1.00 4.02 ± 1.02 1.821 0.069

HDL-C (mmol/L) 1.26 ± 0.84 1.13 ± 0.31 2.225 0.027

LDL-C (mmol/L) 2.21 ± 0.80 2.16 ± 0.75 0.900 0.368

LP (a) (mg/dl) 23.91 ± 21.91 29.41 ± 30.99 −2.739 0.006

Cys C (mg/L) 0.97 ± 0.22 1.04 ± 0.24 −4.119 <0.001

LVEDD (mm) 46.23 ± 4.07 47.37 ± 19.17 −0.931 0.352

LVEF (%) 56.97 ± 4.31 57.07 ± 3.76 −0.303 0.762

(Continued)
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systolic blood pressure, Glu, HDL-C, LP (a), Cys C, ECG ST-T, and SWMA were statistically different between the non- 
CHD and CHD groups (P<0.05). Instead, the rest of the indicators were similar (P>0.05).

The proportion of typical chest pain was significantly higher in the CHD group than in the non-CHD group (P=0.011). 
CHD patients were prone to myocardial ischemia during exertion or emotional stress, which induced chest pain (P=0.004). 
The sample showed that subjects with DELC had a higher prevalence of coronary artery stenosis than those without DELC, 
with a statistically significant difference between the CHD and non-CHD groups (P<0.001) (Table 3).

Patients diagnosed with CHD were used as study subjects for subgroup analysis. The patients in the CHD arm were 
categorized into those with-DELC (n= 333) and those without-DELC (n= 124). Those with DELC were older (P<0.001), 
with a higher proportion of males (P=0.026). NLR and Cys C were higher for the DELC group (P<0.05) (Table 4).

Relationships of DELC with the Diagnosis of CHD
Using CHD as the dependent variable, logistic regression was used to evaluate whether the following factors were 
significant predictors: DELC, sex, hypertension, diabetes mellitus, age, smoking index, LP (a), Cys C, and HDL-C. 
Multivariate analysis revealed that independent risk factors for CHD included sex, age, hypertension, diabetes, DELC, 

Table 2 (Continued). 

Variables Non-CHD (n, 249) CHD (n, 457) t/χ2/Z P value

ECG ST-T 78 (31.3%) 191 (41.8%) 7.490 0.006

SWMA 102 (41.0%) 227 (49.7%) 4.911 0.027

Abbreviations: CHD, Coronary heart disease; DELC, Diagonal earlobe crease; SBP, Systolic blood pressure; DBP, 
Diastolic blood pressure; WBC, White blood cell count; RBC, Red blood cell count; Hb, Hemoglobin; RDW, Red 
cell volume distribution width; Glu, Glucose; TC, Total cholesterol; TG, Triglyceride; LP (a), Lipoprotein (a); Cys C, 
Cystatin C; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; LVEF, Left 
ventricular ejection fraction; LVEDD, Left ventricular end diastolic diameter; SWMA, Segmental wall motion 
abnormalities.

Table 3 Symptomatic and Physical Signs Factors in the Two Groups

Variables Non-CHD (n, 249) CHD (n, 457) t/χ2/Z P value

Chest pain 6.451 0.011

Typical Angina 65 (26.1%) 162 (35.4%)

Atypical Angina 184 (73.9%) 295 (64.6%)

Chest pain triggers 8.514 0.004

Overworked/flip out 122 (49.0%) 276 (60.4%)

Night/rest 127 (51.0%) 181 (39.6%)

Dyspnea 0.001 0.971

Yes 154 (61.8%) 282 (61.7%)

No 95 (38.2%) 175 (38.3%)

DELC 22.088 <0.001

Yes 138 (55.4%) 333 (72.9%)

No 111 (44.6%) 124 (27.1%)

Abbreviations: CHD, Coronary heart disease; DELC, Diagonal earlobe crease.
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LP (a) and Cys C. Additionally, the HDL-C emerged as a protective factor against CHD (OR: 0.602, P=0.049), with 
a 39.8% reduction in CHD risk for every 1 mmol/L increase in HDL-C (Table 5, Figure 3).

The VIF for each factor was less than 10, and there was no multicollinearity. The AUCs of DELC alone (model 1) 
and the model for CHD (model 2) are shown in Figure 3. The AUCs of model 1 and 2 were 0.587 (95% CI:0.543 to 
0.632, P<0.001) and 0.721 (95% CI: 0.682 to 0.760, P<0.001), respectively, indicating fair discriminatory ability. The 
sensitivity of model 1 was 72.9%, and the specificity was 45.6%. The sensitivity of model 2 was 59.5%, the specificity 
was 76.3%, and the Youden index of model 2 was 0.358 for the diagnosis of CHD in this hospital-based population. The 
H-L goodness-of-fit tests of model 2 were non-significant (P=0.818). Overall, model 2 showed a slightly better 
performance (Figure 4).

Discussion
The number of cases of CVD has almost doubled from 271 million in 1990 to 523 million in 2019. While CHD is the 
most prevalent type of CVD, the disability and mortality rates caused by CHD are increasing. This development implies 
a growing need for the prevention and treatment of CHD in national health systems.3 CAG and CCTA are effective 
methods for diagnosing CHD, but there are limitations to their application due to patient conditions, technical require-
ments, and cost issues.8,9,20 Subsequently, the AHA/ACC and ESC proposed the DCS and UDFM models to calculate 
PTPs for guidance in CAG selection. Still, the above models overestimated the prevalence of CHD.10,12–14 Therefore, 
a noninvasive, simple, and reliable predictor of atherosclerosis is needed for early diagnosis, prevention, and treatment of 
CHD to reduce mortality.

Risk factors for CHD are essential for disease risk assessment and diagnosis, as well as for the development of 
individualized treatment plans. The Global Burden of Cardiovascular Disease and Risk Factors 1990–2019 and the 2019 

Table 4 Characteristics of the CHD Participants with and without DELC

Characteristics With-DELC  
(n, 333)

Without-DELC  
(n, 124)

t/χ2/Z P value

Male 205 (61.6%) 62 (50.0%) 4.972 0.026

Age (years) 63.47 ± 7.82 58.02 ± 9.34 −5.786 <0.001

BMI≥25 (kg/m2) 179 (53.8%) 70 (56.5%) 0.265 0.607

Smoking 165 (49.5%) 50 (40.3%) 3.088 0.079

Hypertension 234 (70.3%) 94 (75.8%) 1.367 0.242

Diabetes Mellitus 111 (33.3%) 41 (33.1%) 0.003 0.957

Stroke 71 (21.3%) 24 (19.4%) 0.212 0.645

WBC (×109/L) 6.28 ± 1.69 6.35 ± 1.82 0.414 0.679

RBC (×1012/L) 4.50 ± 0.52 4.47 ± 0.61 −0.463 0.644

Hb (g/L) 142.33 ± 15.10 140.82 ± 15.56 −0.939 0.348

NLR 2.79 ± 2.17 2.45 ± 1.07 −2.216 0.027

TG (mmol/L) 1.69 ± 1.39 2.02 ± 1.60 2.200 0.028

TC (mmol/L) 3.9 (3.30, 4.70) 4.00 (3.40, 4.50) −0.133 0.894

LP (a) (mg/dl) 29.05 ± 31.33 30.35 ± 30.17 0.398 0.691

Cys C (mg/L) 1.06 ± 0.24 1.01 ± 0.24 −2.044 0.042

Abbreviations: BMI, Body mass index; CHD, Coronary heart disease; DELC, Diagonal earlobe crease; 
TC, Total cholesterol; TG, Triglyceride; LP (a), Lipoprotein(a); Cys C, Cystatin C; WBC, White blood cell 
count; RBC, Red blood cell count; Hb, Hemoglobin.
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ESC Guidelines for the Diagnosis and Treatment of Chronic Coronary Syndromes describe several CHD risk factors such 
as hypertension, diabetes mellitus, dyslipidemia, overweight and obesity, and tobacco.2,3 Different risk prediction models 
for CHD have been developed.27–29 The first CVD assessment model was introduced by the Framingham Heart Research 
Center in the United States, and majority of the CVD risk assessment models have since been published for Western 
countries, including the Q Risk Index model in the United Kingdom and the Systemic Coronary Risk Assessment Model 
in Europe.28,29 However, the spectrum of CVD and the prevalence of risk factors in China differ enormously from those 
in Western countries. So, disease prediction models based on Western populations may not apply to CVD risk assessment 
in China. Fuwai Hospital, Chinese Academy of Medical Sciences, proposed the China-PAR model for the Chinese 
population. The model is a prospective cohort study in which a Chinese population aged 35–74 years was selected for 

Figure 3 Forest plot regarding the analysis of influencing factors for CHD. 
Note: Shown is that risk factors for CHD include DELC, sex, hypertension, diabetes, LP (a), Cys C. 
Abbreviations: CI, Confidence interval; OR, Odds ratio; CHD, Coronary heart disease; DELC, Diagonal earlobe crease; HDL-C, High-density lipoprotein cholesterol; LP 
(a), Lipoprotein (a); Cys C, Cystatin C.

Table 5 The Univariate and Multivariate Logistic Regression of the Characteristics of the 
CHD and Non-CHD

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

DELC (yes, 1; no, 0) 2.160(1.562–2.987) <0.001 1.660(1.153–2.388) 0.006

Sex (male, 1; female, 0) 1.776(1.300–2.425) <0.001 1.702(1.141–2.539) 0.009

Age (years) 1.036(1.018–1.055) <0.001 1.024(1.002–1.045) 0.030

Hypertension (yes, 1; no, 0) 1.916(1.387–2.647) <0.001 1.744(1.226–2.482) 0.002

Diabetes (yes, 1; no, 0) 2.322(1.589–3.393) <0.001 2.113(1.404–3.179) <0.001

Smoking index 1.001(1.000–1.001) 0.001 1.001(1.000–1.001) 0.061

LP (a)(mg/dl) 1.008(1.002–1.014) 0.015 1.010(1.003–1.017) 0.005

Cys C (mg/L) 4.650(2.188–9.883) <0.001 3.549(1.605–7.846) 0.002

HDL-C (mmol/L) 0.502(0.311–0.809) 0.005 0.602(0.363–0.997) 0.049

Abbreviations: CHD, Coronary heart disease; DELC, Diagonal earlobe crease; HDL-C, High-density lipoprotein 
cholesterol; LP (a), Lipoprotein (a); Cys C, Cystatin C; CI, Confidence interval; OR, Odds ratio.
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follow-up tracking, with a mean follow-up time of 12.3 years. Age, systolic blood pressure, total cholesterol, HDL-C, 
smoking status and diabetes mellitus, geographic location, and family history of CHD were enrolled to construct a CHD 
prediction model for assessing the risk of CHD.19 In our trial, logistic regression was applied to analyze independent risk 
factors of CHD and construct a simple CHD model.

The mechanisms underlying the association between DELC and CHD are unclear. DELC is rarely present in infant and 
adolescent populations, showing that DELC indirectly suggests the process of skin and vascular aging.30 Stoyanov et al31 

performed autopsies on 45 adult patients and collected samples from both earlobes and cardiac chambers for histopatho-
logical examination. Myocardial morphological changes were found to be significantly associated with the presence of 
DELC.28 Oda et al32 posited that bilateral DELC may be linked to endothelial dysfunction, an early manifestation of 
atherosclerosis.29 Lipid metabolism is a key factor in atherosclerosis, and atherosclerosis is the “culprit” in the development 
of CHD. Based on the subgroup analysis of this study, DELC and dyslipidemia were not significantly correlated (P<0.05), 
but TG levels were different in the two groups. TG levels in the test were numerically slightly higher than the normal range. 
It may be related to many factors, such as patients’ dietary structure, used lipid-lowering drugs, lifestyle habits, and exercise 
intensity. Notably, NLR and Cys C significantly differed in the subgroup analysis (P<0.05). Lymphocytes and neutrophils 
are involved in the body’s inflammatory response, which may lead to vascular endothelial dysfunction, and their ratio 
(NLR) is a relatively new indicator used to reflect the body’s inflammatory state.24 NLR has been documented to be 
significantly associated with coronary artery stenosis.33 Inflammatory mediators are released with vascular endothelial 
injury, with an imbalance between Cys C and hydrolyzing enzymes, further promoting atherosclerosis.34 Based on the 
subgroup analysis, the above two indicators may indirectly reflect the close relationship between DELC and inflammation- 
induced atherosclerosis in patients with CHD.35 Frank’s sign has previously been reported.36 A Japanese study of men with 
Frank’s sign and metabolic syndrome found that the leukocyte telomere length in subjects with DECL were shortened.37

In our study, DELC was significantly and positively associated with CHD (P=0.006), and it may increase the 
prevalence of CHD. Subgroup analysis suggested that more males than females with DELC (61.6% vs 50.0%, 
P=0.026) and patients with DELC were elder than those without DECL (63.47 ± 7.82 vs 58.02 ± 9.34, P<0.001). 
There was no clear association between DELC and common CHD risk factors, consistent with previous studies 
reporting.16,38

Wang et al16 enrolled 558 patients (402 males and 156 females) who underwent suspected or confirmed CHD and 
underwent angiography. Participants were categorized into no DELC, unilateral DELC, and bilateral DELC arms. The 
area under the ROC curve of DELC for CHD diagnosis was 0.693 (95% CI: 0.636 to 0.750, P<0.001). In this study 
application value of model 1 was shown AUC1=0.587, suggesting the diagnostic performance of the model was general. 
However, after adjusting for confounders, the diagnostic model constructed based on sex, age, hypertension, diabetes 
mellitus, smoking index, LP (a), Cys C, HDL-C, and DELC (model 2) was shown AUC2=0.721 (95% CI: 0.682 to 0.760, 

Figure 4 The ROC analysis with respect to the detection of CHD. 
Note: AUC1, the AUC of model 1; AUC2, the AUC of model 2. 
Abbreviations: CHD, Coronary heart disease; ROC, receiver operator characteristic curve; AUC, area under the curve.
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P<0.001). The H-L goodness of fit test suggested a high model fit goodness of fit (P=0.818). Therefore, it is important to 
consider validating this model in clinical practice.

Chest pain is a common reason for seeking medical attention,6 but there are many causes of chest pain, such as CHD, 
pneumothorax, pulmonary embolism, and acute aortic dissection. Nishiori et al39 reported the association between 
Frank’s sign and acute aortic dissection. Ramírez Montesinos et al40 described the relationship between DELC and 
chest pain. DELC formation is a lengthy process and once formed, it is almost irreversible and considered a stable sign.41 

For individuals with DELC and chest pain, it is important to consider both aortic and coronary artery disease. The 
accuracy of disease diagnosis is crucial in medical practice. Our trial findings suggest that individuals with chest 
discomfort and DELC should be cautious about the possibility of CHD. Predictive diagnosis through DELC and readily 
available clinical information for chest pain patients can help avoid invasive examinations for suspected CHD, leading to 
early treatment and optimal use of medical resources.

Our study still has a few limitations. (1) It was a prospective cohort study that required real-time collection of DELCs, 
and some information bias (including diagnostic suspicion bias and exposure suspicion bias) may exist. (2) This trial was 
a single-center study; the extensive CHD diagnostic model was not validated, and the generalization performance was 
unknown. Further validation is needed in the future. (3) The experimental results of this study are only suitable for the 
physical examination of healthy people or the prevention of patients with low or medium risk of chest pain. For high-risk 
individuals, it is still recommended to perform CAGs in time to clarify the diagnosis and timely treatment to avoid 
delaying the timing of treatment. (4) The type (unilateral, bilateral), degree (deep, shallow), and number (single, 
multiple) of DELC were not meticulously classified. However, this study developed a diagnostic model based on 
routinely and readily available indicators in clinical practice. The multicollinearity between factors was analyzed, and 
a visualized forest plot was drawn.

Conclusion
Amongst patients presenting with chest pain, those with DELC had 1.66-fold increased odds of CHD compared to those 
without DELC. DELC can be used as a sign for early recognition of CHD. Models based on sex, age, hypertension, 
diabetes mellitus, smoking index, LP (a), Cys C, and HDL-C can be used to predict CHD.

Abbreviations
DELC, Diagonal earlobe crease; CHD, Coronary heart disease; IHD, Ischemic heart disease; CVD, Cardiovascular 
disease; ACS, Acute coronary syndrome; CAG, Coronary angiography; DCS, Duke clinical score; UDFM, Updated 
Diamond-Forrester model; PTP, Pretest probability; BMI, Body mass index; LVEF, Left ventricular ejection fraction; 
LVEDD, Left ventricular end diastolic diameter; SWMA, Segmental wall motion abnormalities; CABG, Coronary artery 
bypass grafting; PCI, Percutaneous coronary intervention.
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