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	 Background:	 The presence of a Frank’s sign ear crease is closely correlated with coronary artery disease (CAD). The SYNTAX 
score indicates the complexity of coronary lesions. This present investigation sought to identify the correlation 
between SYNTAX score and several specific ear creases.

	 Material/Methods:	 Four specific types of ear creases – crossing crease not originated from ear hole (CC-NEH), crossing crease orig-
inated from ear hole (CC-EH), vertical creases on the face side (VC-F), and vertical creases dividing earlobe and 
face (VC-EF) – were investigated in patients undergoing coronary angiography. A Frank’s sign score system was 
introduced based on the 4 creases. Demographic data, clinical data, and SYNTAX score were also documented. 
The association between ear creases and SYNTAX score, as well as the correlation between Frank’s score and 
SYNTAX score, were statistically analyzed.

	 Results:	 CC-NEH had the highest positive predictive value (positive predictive value=0.439), and VC-F had the highest 
negative predictive value for the detection of intermediate and high SYNTAX score (negative predictive val-
ue=1.000). VC-EF and CC-NEH were associated with intermediate and high SYNTAX scores (OR=2.913–7.694, 
all P<0.05). Only 2.9% of patients with Frank’s score=0 had intermediate or high SYNTAX scores, and 52.2% 
and 50.0% of patients with Frank’s sign score=3 and 4 had intermediate or high SYNTAX scores, respectively. 
The Frank’s sign score was significantly and positively correlated with SYNTAX score (r=0.457, P<0.001).

	 Conclusions:	 Features of specific ear creases and Frank’s sign scores were associated with intermediate and high complex-
ity of coronary lesions.
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Background

Coronary artery disease (CAD) is now a global problem, and pa-
tients with complicated coronary lesions have higher cardiovascu-
lar risk [1,2]. The SYNTAX score is based on coronary angiographic 
results and indicates the complexity of coronary lesions [3,4]. 
Some studies have also confirmed the ability of the SYNTAX 
score to predict major adverse cardiac events (MACE) in patients 
with multi-vessel coronary arterial disease [5–7], left main dis-
ease [8], myocardial infarction [9], stable CAD complicated with 
type 2 diabetes [10], and even all-comers [11] undergoing elec-
tive percutaneous coronary intervention. Previous studies have 
classified the SYNTAX score into low (£22), intermediate (23 to 
32), and high (³33) according to the cardiovascular risk [12,13].

Frank’s sign is a typical ear crease first discovered by S. T. 
Frank in 1973, which was associated with coronary artery dis-
ease [14,15]. However, some controversies remain regarding 
this association [16–18]. After careful observation of ears of pa-
tients with coronary artery disease, we noticed that some spe-
cific ear creases – vertical creases on the face side (VC-F), ver-
tical creases dividing earlobe and face (VC-EF), crossing crease 
not originated from ear hole (CC-NEH), and crossing crease 
originated from ear hole (CC-EH) – were more frequent in pa-
tients with intermediate and high SYNTAX scores. Therefore, 
the features of these creases may have significance for coro-
nary lesions evaluation.

Since the intermediate and high SYNTAX scores suggest high-
er complexity of coronary lesions, it is reasonable to speculate 
that these ear creases are correlated with complexity of cor-
onary lesions, and could thus be a promising method to pre-
liminarily evaluate the coronary artery status by evaluating 
presence of specific ear creases.

Material and Methods

Study design and participants

The present cross-sectional and observational study was 
conducted from Jan 2018 to Oct 2018 at the Department of 
Cardiology, Shaanxi Provincial People’s Hospital. Patients who 
received coronary angiography (CAG) and were willing to coop-
erate were enrolled in the study. We photographed ear creas-
es of enrolled patients and the SYNTAX scores were calcu-
lated based on the CAG results. A total of 346 patients were 
finally enrolled in this study, including 232 (67.1%) men and 
112 (32.9%) women. The average age was 59.83±11.14 years 
with a range of 22 to 83 years. The average SYNTAX score 
was 12.76±11.91, with a range from 0 to 69. There were 74 
(21.4%) patients with SYNTAX scores ³23 and 272 (78.6%) 
had SYNTAX scores £22.

Ear creases evaluation

The photos of ears were taken before the CAG examination in 
all enrolled patients. Four prominent ear creases were docu-
mented: Vertical Creases on the Face side (VC-F, Figure 1A) on 
both ears, Vertical Creases dividing Earlobe and Face (VC-EF, 
Figure 1A) on both ears, Crossing Crease originated from the 
Ear Hole (CC-EH, Figure 1A) on both ears, and Crossing Crease 
Not originated from the Ear Hole (CC-NEH, Figure 1B) on both 
ears. Both of the 2 crossing creases documented had to be 
full-length, dividing the earlobe into 2 different parts, and half-
length crossing creases were not documented. The photos were 
analyzed by 2 cardiologists for detection and documentation 
of the ear creases on both sides of the ears. A third cardiolo-
gist was involved in evaluation and confirmation of ear creases 
when the opinions of the previous 2 cardiologists disagreed.

SYNTAX score evaluation

CAG examinations were administrated for all enrolled sub-
jects. The SYNTAX score calculator (current version of 2.28; 
http://www.syntaxscore.com) was applied to calculate the 
SYNTAX score right after the standard CAG procedure. Two 
cardiologists with up to 5 years of interventional experience 
calculated the SYNTAX score independently. An additional in-
terventional cardiologist participated in the evaluation proce-
dure when the scores were different. Based on the SYNTAX 
score results, subjects were divided into a low SYNTAX score 
group (with SYNTAX scores £22) and an intermediate and high 
SYNTAX score group (with SYNTAX scores ³23).

General data

Demographic and clinical information were collected. On the 
morning of the day after administration, fasting peripheral 
blood samples were acquired. The white blood cells (WBC) 
counts, NEUT%, platelet counts, red blood cells (RBC) counts, 
hemoglobin, TC, triglyceride, HDL-C, LDL-C, glycosylated he-
moglobin-A1c (HbA1c), brain natriuretic peptide (BNP), total 
bilirubin (TBIL), direct bilirubin (DBIL), urea nitrogen (BUN), 
creatinine, uric acid, cystatin C, and albumin levels were as-
sessed [19]. Echocardiography was performed and left ventric-
ular ejection fraction (LVEF) was evaluated [20].

Definitions

Hypertension was defined according to current guidelines: 
systolic blood pressure ³140 mmHg, or diastolic blood pres-
sure ³90 mmHg, or previous antihypertensive medication or 
medical history [21].

Diabetes was defined according to fasting plasma glucose 
³7.0 mmol/L, or random plasma glucose ³11.1 mmol/L, or the 
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oral glucose tolerance test (OGTT) plasma glucose ³11.1 mmol/L, 
or previous anti-hypoglycemic medication or medical history [22].

Smoking was defined as continuous or cumulative smoking 
time for 6 months or more in a lifetime.

Statistical analysis

The statistical analysis was performed using SPSS (version 
16.0, SPSS Inc.). The Mann-Whitney U test was used for com-
parison of continuous variables. Categorical variables are pre-
sented as proportions. The chi-square test was used for com-
parison of categorical variables. The sensitivity, specificity, and 
positive and negative likelihood ratios of different ear creas-
es for the detection of intermediate and high SYNTAX scores 
were also calculated. Logistic regression analysis was per-
formed to assess the association between different ear creas-
es and intermediate and high SYNTAX scores, and an unad-
justed model and 3 adjusted models adjusting for different 
confounding factors were established. Since the VC-EF and 
CC-NEH were associated with intermediate and high SYNTAX 
scores, the LVC-EF, RVC-EF, LCC-NEH, and RCC-NEH were as-
signed as 1 point each. The total score was termed “Frank’s 
sign score”. Each patient could have 0–4 kinds of ear creases, 
with Frank’s sign scores of 0–4 points. The percentages of 
the intermediate and high SYNTAX scores and SYNTAX scores 
were calculated in patients with different Frank’s sign scores. 
The correlation between Frank’s sign score and SYNTAX score 

was assessed using Pearson correlation analysis. P<0.05 was 
set as statistical significance.

Results

Baseline data

The baseline data of subjects are presented in Table 1. The per-
centage of men, RVC-F, VC-F, LVC-EF, RVC-EF, VC-EF, LCC-NEH, 
RCC-NEH, CC-NEH, LCC-EH, CC-EH, age, WBC, NEUT%, HB, cre-
atinine, BNP, and SYNTAX scores in patients with intermediate 
and high SYNTAX scores significantly higher compared with pa-
tients with low SYNTAX scores (all P<0.05). ALB, HDL-C, and LVEF 
in patients with intermediate and high SYNTAX scores were sig-
nificantly higher than in patients with low SYNTAX scores (all 
P<0.05). The percentage of patients with hypertension, diabe-
tes mellitus, smoking, LVC-F, RCC-EH and HR, SBP, DBP, RBC, 
PLT, TBIL, DBIL, BUN, UA, Cys-c, TC, TG, LDL-C, and HbA1c were 
no significantly different in patients with low SYNTAX score and 
patients with intermediate and high SYNTAX scores (all P>0.05).

Specific ear creases were correlated with SYNTAX score

The sensitivity, specificity, positive predictive value, negative 
predictive value, positive likelihood ratio, and negative like-
lihood ratio of different ear creases for the detection of in-
termediate and high SYNTAX score are presented in Table 2. 

VC-F

VC-EF

CC-EH

CC-NEH

A B

Figure 1. �(A, B) Four prominent ear creases on the ears. VC-F – Vertical Creases on the Face side; VC-EF – Vertical Creases dividing 
Earlobe and Face; CC-NEH – Crossing Creases Not originated from Ear Hole; CC-EH – Crossing Creases originated from Ear 
Hole.
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Low SYNTAX score
(SYNTAX score <23; n=272)

Intermediate and high SYNTAX score
(SYNTAX score ³23; n=74)

P value

Male (%) 	 168	 (71.8%) 	 66	 (28.2%)

Female (%) 	 104	 (92.9%) 	 8	 (7.1%) 0.001*

Hypertension (%) 	 138	 (50.7%) 	 36	 (48.6%) 0.750

Diabetes mellitus (%) 	 54	 (19.9%) 	 8	 (10.8%) 0.072

Smoking (%) 	 80	 (29.4%) 	 28	 (37.8%) 0.165

LVC-F (%) 	 256	 (90.4%) 	 70	 (94.6%) 0.353

RVC-F (%) 	 252	 (92.6%) 	 74	 (100.0%) 0.010*

VC-F (%) 	 256	 (94.1%) 	 74	 (100.0%) 0.028*

LVC-EF (%) 	 168	 (61.8%) 	 62	 (83.8%) <0.001*

RVC-EF (%) 	 184	 (67.6%) 	 64	 (86.5%) 0.001*

VC-EF (%) 	 200	 (73.5%) 	 70	 (94.6%) <0.001*

LCC-NEH (%) 	 28	 (10.3%) 	 28	 (37.8%) <0.001*

RCC-NEH (%) 	 28	 (10.3%) 	 22	 (29.7%) <0.001*

CC-NEH (%) 	 46	 (16.9%) 	 36	 (48.6%) <0.001*

LCC-EH (%) 	 102	 (37.5%) 	 44	 (59.5%) 0.001*

RCC-EH (%) 	 144	 (52.9%) 	 48	 (64.9%) 0.067

CC-EH (%) 	 152	 (55.9%) 	 58	 (78.4%) 0.001*

Age (yrs) 62.16±41.29 63.97±8.45 0.001*

HR (b/min) 71.35±12.63 73.43±17.05 0.285

SBP (mmHg) 128.62±19.64 133.00±21.25 0.104

DBP (mmHg) 78.53±11.97 80.41±13.62 0.378

WBC (×109/L) 7.19±2.39 8.43±2.53 <0.001*

NEUT% 0.69±0.36 0.69±0.09 0.016*

RBC (×1012/L) 4.51±0.97 4.58±0.49 0.038

HB (g/L) 136.51±16.06 143.51±12.62 <0.001*

PLT (×109/L) 194.15±65.03 179.83±61.82 0.112

TBIL (umol/L) 16.95±11.48 17.57±8.24 0.264

DBIL (umol/L) 5.34±2.42 6.27±3.92 0.098

ALB (g/L) 39.18±4.18 37.67±3.86 0.007*

BUN (mmol/L) 5.18±1.62 5.71±2.43 0.106

Creatinine (umol/L) 74.38±18.61 83.54±28.48 0.004*

UA (umol/L) 345.40±297.48 318.46±82.83 0.889

Cys-c (mg/L) 1.02±0.26 1.07±0.28 0.157

TC (mmol/L) 3.90±1.04 3.73±0.92 0.183

Table 1. Baseline characteristics of patients with low SYNTAX scores vs. intermediate and high SYNTAX scores.
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Table 1 continued. Baseline characteristics of patients with low SYNTAX scores vs. intermediate and high SYNTAX scores.

Low SYNTAX score
(SYNTAX score <23; n=272)

Intermediate and high SYNTAX score
(SYNTAX score ³23; n=74)

P value

TG (mmol/L) 1.92±1.86 1.51±0.68 0.072

HDL-C (mmol/L) 1.05±0.23 0.97±0.18 0.003*

LDL-C (mmol/L) 2.25±0.78 2.25±0.72 0.838

HbA1c (%) 6.16±1.59 6.13±1.11 0.966

BNP (pg/mL) 276.28±640.53 371.65±338.92 <0.001*

LVEF (%) 59.03±9.81 56.79±8.60 0.006*

SYNTAX score (points) 7.83±6.96 30.85±8.26 <0.001*

LVC-F – Left Vertical Creases on the Face side; RVC-F – Right Vertical Creases on the Face side; VC-F – Vertical Creases on the Face side; 
LVC-EF – Left Vertical Creases dividing Earlobe and Face; RVC-EF – Right Vertical Creases dividing Earlobe and Face; VC-EF – Vertical 
Creases dividing Earlobe and Face; LCC-NEH – Left Crossing Creases Not originated from Ear Hole; RCC-NEH – Left Crossing Creases 
Not originated from Ear Hole; CC-NEH – Crossing Creases Not originated from Ear Hole; LCC-EH – Left Crossing Creases originated from 
Ear Hole; RCC-EH – Right Crossing Creases originated from Ear Hole; CC-EH – Crossing Creases originated from Ear Hole; HR – Heart 
Rate; SBP – Systolic Blood Pressure; DBP – Diastolic Blood Pressure; WBC – White Blood Cells; NEUT% – NEUTrophilic granulocyte 
percentage; RBC – Red Blood Cells; HB – HemogloBin; PLT – PLateleT; TBIL – Total Bilirubin; DBIL – Direct Bilirubin; ALB – ALBumin; 
BUN – Urea Nitrogen; UA – uric acid; Cys-C – Cystatin C; TC – Total Cholesterol; TG – TriGlyceride; HDL-C – High-Density Lipoprotein-
Cholesterol; LDL-C – Low-Density Lipoprotein-Cholesterol; HbA1c – Glycosylated Hemoglobin-A1c; BNP – Brain Natriuretic Peptide; 
LVEF – left ventricular ejection fraction; * P<0.05

 Sensitivity  Specificity
Positive 

predictive value
Negative 

predictive value
Positive 

likelihood ratio
Negative 

likelihood ratio

LVC-F 0.946 0.096 0.215 0.800 1.046 0.563

RVC-F 1.000 0.074 0.227 1.000 1.080 0.000

VC-F 1.000 0.059 0.224 1.000 1.063 0.000

LVC-EF 0.838 0.382 0.270 0.897 1.356 0.424

RVC-EF 0.865 0.324 0.258 0.900 1.280 0.417

VC-EF 0.946 0.265 0.259 0.947 1.287 0.204

LCC-NEH 0.378 0.897 0.500 0.841 3.670 0.693

RCC-NEH 0.297 0.897 0.440 0.824 2.883 0.784

CC-NEH 0.486 0.831 0.439 0.856 2.876 0.619

LCC-EH 0.595 0.625 0.306 0.850 1.587 0.648

RCC-EH 0.649 0.471 0.250 0.829 1.227 0.745

CC-EH 0.784 0.441 0.276 0.882 1.403 0.490

Table 2. �Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, and negative likelihood 
ratio of different ear creases for the detection of intermediate and high SYNTAX scores.

LVC-F – Left Vertical Creases on the Face side; RVC-F – Right Vertical Creases on the Face side; VC-F – Vertical Creases on the Face side; 
LVC-EF – Left Vertical Creases dividing Earlobe and Face; RVC-EF – Right Vertical Creases dividing Earlobe and Face; VC-EF – Vertical 
Creases dividing Earlobe and Face; LCC-NEH – Left Crossing Creases Not originated from Ear Hole; RCC-NEH – Left Crossing Creases 
Not originated from Ear Hole; CC-NEH – Crossing Creases Not originated from Ear Hole; LCC-EH – Left Crossing Creases originated from 
Ear Hole; RCC-EH – Right Crossing Creases originated from Ear Hole; CC-EH – Crossing Creases originated from Ear Hole.
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VC-F had the highest sensitivity (sensitivity=1.000) and CC-NEH 
had the highest specificity for the prediction of intermediate 
and high SYNTAX scores (specificity=0.897). CC-NEH had high-
est positive predictive value (positive predictive value=0.439) 
and VC-F had the highest negative predictive value (1.000) for 
the prediction of intermediate and high SYNTAX scores. CC-NEH 
had the highest positive likelihood ratio (2.876) and VC-F had 
the lowest negative likelihood ratio (0.000) for the prediction 
of intermediate and high SYNTAX scores.

The results of logistic regression analysis of intermediate and 
high SYNTAX scores using different ear creases are presented in 
Table 3. The unadjusted model and 3 adjusted models adjust-
ing for different confounding factors were established. VC-EF 

was associated with intermediate and high SYNTAX scores in 
all 4 models (OR=3.989–7.694, all P<0.05). Meanwhile, CC-NEH 
was also associated with intermediate and high SYNTAX scores 
in all 4 models (OR=2.913–4.654, all P<0.05). VC-F was not as-
sociated with intermediate and high SYNTAX scores, even in 
the unadjusted model. CC-EH was associated with interme-
diate and high SYNTAX scores in 3 models (OR=1.543–2.862, 
P<0.05); however, when left ventricle ejection fraction was en-
rolled as an adjusting factor in the logistic regression analysis, 
CC-EH was no longer associated with intermediate and high 
SYNTAX score (OR=1.095, P=829).

Unadjusted Model 1 Model 2 Model 3

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

LVC-F
1.850 

(0.625–5.477)
0.267 – – – – – –

RVC-F
0.000 

(0.000––)
0.998 – – – – – –

VC-F
0.000 

(0.000––)
0.998 – – – – – –

LVC-EF
3.198 

(1.645–6.218)
0.001

3.443 
(1.733–6.839)

<0.001
2.233 

(0.974–5.120)
0.058

2.582 
(1.073–6.215)

0.034

RVC-EF
3.061 

(1.500–6.246)
0.002

3.391 
(1.629–7.061)

0.001
3.028 

(1.102–8.314)
0.031

1.762 
(0.716–4.337)

0.218

VC-EF 
6.300 

(2.220–17.877)
0.001

7.694 
(2.665–22.215)

<0.001
3.989 

(1.198–13.280)
0.024

4.625 
(1.364–15.678)

0.014

LCC-NEH
5.304 

(2.878–9.775)
<0.001

4.431 
(2.364–8.305)

<0.001
3.259 

(1.409–8.007)
0.006

3.236 
(1.349–7.765)

0.009

RCC-NEH
3.687 

(1.957–6.947)
<0.001

3.308 
(1.717–6.374)

<0.001
3.615 

(1.558–8.389)
0.003

2.563 
(1.059–6.204)

0.037

CC-NEH
4.654 

(2.671–8.110)
<0.001

4.102 
(2.317–7.264)

<0.001
3.350 

(1.585–7.081)
0.002

2.913 
(1.311–6.471)

0.009

LCC-EH
2.444 

(1.446–4.132)
0.001

2.457 
(1.430–4.223)

0.001
2.190 

(1.057–4.534)
0.035

1.038 
(0.504–2.136)

0.920

RCC-EH
1.641 

(0.663–2.797)
0.069 – – – – – –

CC-EH
2.862 

(1.566–5.230)
0.001

2.593 
(1.339–4.806)

0.002
1.543 

(1.011–2.357)
0.045

1.095 
(0.479–2.507)

0.829

Table 3. Logistic regression analysis of intermediate and high SYNTAX scores using different ear creases.

LVC-F – Left Vertical Creases on the Face side; RVC-F – Right Vertical Creases on the Face side; VC-F – Vertical Creases on the Face side; 
LVC-EF – Left Vertical Creases dividing Earlobe and Face; RVC-EF – Right Vertical Creases dividing Earlobe and Face; VC-EF – Vertical 
Creases dividing Earlobe and Face; LCC-NEH – Left Crossing Creases Not originated from Ear Hole; RCC-NEH – Left Crossing Creases 
Not originated from Ear Hole; CC-NEH – Crossing Creases Not originated from Ear Hole; LCC-EH – Left Crossing Creases originated 
from Ear Hole; RCC-EH – Right Crossing Creases originated from Ear Hole; CC-EH – Crossing Creases originated from Ear Hole; 
Model 1 – adjusted for age and sex; Model 2 – adjusted for age, sex, white blood cells count, neutrophile granulocytes percentage, 
hemoglobin, albumin, creatinine, high-density lipoprotein-cholesterol and type B natriuretic peptide; Model 3 – adjusted for age, sex, 
white blood cells count, neutrophile granulocytes percentage, hemoglobin, albumin, creatinine, high-density lipoprotein-cholesterol 
and left ventricle ejection fraction.
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Frank score was correlated with SYNTAX score

The ear creases significantly associated with intermediate and 
high SYNTAX score – VC-EF and CC-NEH – were used to calcu-
late the Frank’s sign scores. Each ear crease of LVC-EF, RVC-EF, 
LCC-NEH, and RCC-NEH was scored as 1 point, then the patients 
could have 0–4 points according to the ear creases, with the 
score constituting the Frank’s sign scores. The percentages of 
intermediate and high SYNTAX score in patients with different 
Frank’s sign scores are presented in Figure 2. Only 2.9% of pa-
tients with Frank’s sign scores=0 had intermediate and high 
SYNTAX scores, 16.0% and 19.3% of patients with Frank’s sign 
scores of 1 and 2 had intermediate and high SYNTAX scores, 
and 52.2% and 50.0% of patients with Frank score of 3 and 4 
had intermediate and high SYNTAX scores. The SYNTAX scores 
in patients with different Frank’s sign scores are presented in 
Figure 3. The SYNTAX score was only 3.44±6.33 in patients with 
Frank’s sign scores of 0, the SYNTAX scores were 14.02±11.92 
and 12.37±10.14 in patients with Frank’s sign scores of 1 
and 2, respectively, and SYNTAX scores were 22.59±13.44 and 
24.13±10.55 in patients with Frank’s sign scores of 3 and 4, 
respectively. Frank’s sign scores were significantly and posi-
tively correlated with SYNTAX scores (r=0.457, P<0.001).

Discussion

In this present study, the positive predictive values for inter-
mediate and high SYNTAX scores ranged from 0.215 to 0.500 
using different ear creases. LCC-NEH had the highest positive 

predictive value of only 0.500, which indicates that if 1 pa-
tient had CC-NEH on the left ear, the patient only had a 50% 
probability of having an intermediate or high SYNTAX score. 
However, the negative predictive values of the different ear 
creases for intermediate and high SYNTAX score were relatively 
higher, ranging from 0.800 to 1.000, which demonstrates that 
if 1 patient did not have the VC-F on both of the ears, the pa-
tient had 0% probability of having an intermediate or high 
SYNTAX score. Meanwhile, the negative likelihood ratio was 
0.000, demonstrating the superior role in exclusion of certain 
diseases. Therefore, VC-F may be used as one exclusion crite-
ria of intermediate and high SYNTAX scores, which may allow 
us prioritize patients with multiple diseases [23,24].

All of the patients with intermediate and high SYNTAX scores 
had the VC-F on 1 ear, but the vast majority of patients (up 
to 99%) who did not have an intermediate or high SYNTAX 
score also had the VC-F crease. We found that 83.1% of pa-
tients with low SYNTAX scores did not have CC-NEH on both 
ears, but only 48.6% of patients with intermediate or high 
SYNTAX scores had CC-NEH on 1 or both ears. According to a 
previous study [25], when the positive likelihood ratio is >10 
or the negative likelihood ratio is <0.1, the probability of diag-
nosing or excluding a certain disease significantly increases. 
Therefore, the ear creases documented in this study may not 
have enough power to predict intermediate and high SYNTAX 
scores alone, but the VC-F may be used as the exclusion crite-
rion of intermediate and high SYNTAX scores since it has the 
negative likelihood ratio of 0.000.
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Figure 2. �Percentages of intermediate and high SYNTAX score 
in patients with different Frank’s sign scores. The ear 
creases significantly associated with intermediate and 
high SYNTAX score, as VC-EF and CC-NEH were used 
to calculated the Frank’s sign scores. Each ear crease 
of LVC-EF, RVC-EF, LCC-NEH, RCC-NEH was scored 
as 1 point, then the patients could have 0–4 points 
according to the ear creases, and the total score was 
the Frank’s sign score.
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Figure 3. �SYNTAX scores in patients with different Frank’s sign 
scores. The ear creases significantly associated with 
intermediate and high SYNTAX scores, as VC-EF and 
CC-NEH were used to calculated the Frank’s sign 
scores. Each ear crease of LVC-EF, RVC-EF, LCC-NEH, 
and RCC-NEH was scored as 1 point, then the patients 
could have 0–4 points according to the ear creases, 
with the total score constituting the Frank’s sign score.
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To investigate the association between different ear creas-
es and intermediate and high SYNTAX scores, we performed 
logistic regression analysis using 4 models (Unadjusted and 
Model 1–3). We assessed associations between the LCC-NEH, 
RCC-NEH, and CC-NEH on at least 1 ear and intermediate and 
high SYNTAX scores in all 4 model (all P<0.05). The OR values 
ranged from to 2.563 to 5.304, indicating the patients with 
CC-NEH may have up to 5 times greater probability of hav-
ing intermediate and high SYNTAX scores compared with pa-
tients with no CC-NEH. Having VC-EF on at least 1 ear was also 
significantly associated with intermediate and high SYNTAX 
scores in all 4 logistic regression models (all P<0.05), the OR 
values ranged from 3.989 to 7.694, indicating that patients 
with VC-EF on at least 1 ear have up to 7 times higher prob-
ability of having intermediate and high SYNTAX scores com-
pared with patients with no VC-EF in both ears. Interestingly, 
the traditional typical Frank’s sign, CC-EH, was not associated 
with intermediate and high SYNTAX scores when the LVEF was 
entered into the logistic regression analysis (OR=1.095, P=829). 
The reason for this is unclear, but the strong association be-
tween LVEF and intermediate and high SYNTAX scores may re-
move the Frank’s sign out of the regression analysis [26,27].

To clarify the association between the number of ear creas-
es and intermediate and high SYNTAX scores, we enrolled the 
intermediate and high SYNTAX score-associated ear creases, 
VC-EF and CC-NEH, to establish the “Frank’s sign score”. For ex-
ample, no VC-EF in both ears was marked as “0” points, VC-EF 
in only 1 ear was marked as “1” point, VC-EF in both ears was 
marked as “2” points. The same methods were used in the 
scoring for CC-NEH, and the accumulated score of both ear 
creases were calculated as the Frank’s sign score (0–4 points). 
The percentage of intermediate and high SYNTAX scores dis-
played a staircase trend, only 2.9% of patients with the Frank’s 
sign score=0 had intermediate and high SYNTAX scores, the in-
cidence reached 16–19.3% when patients had the Frank’s sign 
scores=1 or 2, and 50–52.2% of patients had intermediate 
and high SYNTAX scores when the Frank’s sign scores=3 or 4. 
Meanwhile, the SYNTAX score was only 3.44 points when the 
Frank’s sign scores were=0, then SYNTAX scores increased to 
12.37 to 14.02 points when the Frank’s sign scores were=1 
or 2, and the SYNTAX scores reached 22.59 to 24.13 when 
the Frank’s sign scores were=3 or 4. Pearson correlation anal-
ysis showed that the SYNTAX scores were significantly corre-
lated with Frank’s sign scores (r=0.457, P<0.001). Therefore, 
the Frank’s sign score=0 may be used as the exclusion crite-
ria for intermediate and high SYNTAX score, while the Frank’s 
sign scores=3 or 4 should receive much more attention since 
up to 50% of these patients have very complicated and po-
tentially lethal coronary lesions.

This study has several strengths. First, it expanded the tradi-
tional Frank’s sign, which we named as CC-EH, and we also 
innovatively enrolled 3 common ear crease, VC-F, VC-EF, and 
CC-NEH, and found VC-EF and CC-NEH were associated with 
intermediate and high-risk of coronary lesions. Second, we used 
the SYNTAX score-based intermediate and high-risk coronary 
lesions rather than the coronary artery disease as the grouping 
method; allowing us to exclude patients with stable coronary 
artery disease and mild coronary lesions to focus more atten-
tion on patients with very complicated and potentially lethal 
coronary lesions. Third, we innovatively selected the interme-
diate and high SYNTAX score-associated ear creases, VC-EF and 
CC-NEH, to establish the “Frank’s sign score”, which made the 
evaluation of coronary lesions via ear creases easy and pre-
cise. This present study also has several limitations, in that it 
was a cross-sectional study, and we could not determine the 
causal relationship between the ear creases and intermedi-
ate and high SYNTAX scores. LVC-EF and RCC-EH had marginal 
significance in some logistic regression models, but these ear 
creases might be significant if the sample size is enlarged [28].

Conclusions

We identified the correlation between Frank’s sign and SYNTAX 
score. We found that 4 specific ear creases were predictors 
for SYNTAX score. Moreover, we introduced Frank’s sign score 
based on observation of specific ear creases. Frank’s sign score 
was significantly and positively correlated with SYNTAX score. 
Our results from this study provide a quick, easy, and effec-
tive assessment of complicated coronary artery disease when 
performing physical examinations.
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