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Objective: Earlobe crease (ELC) has been considered as a skin sign of atherosclerosis, and 
its pathophysiological mechanism is still unclear. Our study aims to test the hypothesis that 
ELC patients with lower serum levels of the age-suppressing hormone Klotho, which is not 
only associated with premature aging but also with endothelial dysfunction, may be asso-
ciated with atherosclerosis.
Methods: A total of 135 patients aged 40–68 years underwent coronary angiography. 
According to the presence or absence of coronary heart disease (CAD) and ELC, they 
were divided into three groups: CAD group and ELC group (ELC group, n = 45); no ELC 
group (non-ELC group, n = 45). There was no ELC or CAD in the control group (control 
group, n = 45). Serum Klotho concentration was obtained by enzyme-linked immunosorbent 
assay (ELISA).
Results: The Klotho level in the ELC group was 365.6 ± 38.1 pg/mL, while the Klotho level in 
the non-ELC group was 568.8 ± 44.9 pg/mL. It is worth noting that the Klotho level of the ELC 
group was significantly lower than that of the non-ELC group (P < 0.001). The serum Klotho 
level of the control group was higher than that of the non-ELC group (593.3±45.3 vs 568.8±44.9 
pg/mL, P = 0.702), but the difference was not statistically significant. Multiple logistic regression 
analysis showed that the Klotho level is a parameter that affects the appearance of ELC.
Conclusion: Serum Klotho levels were considerably lower in patients with ELC. We 
concluded that the perturbations of Klotho in patients might be associated with ELC and 
with CAD.
Keywords: earlobe crease, Klotho, atherosclerosis, premature aging

Introduction
Earlobe crease (ELC), also known as Frank’s sign, was originally identified by 
Frank in 1973.1 From a palaeopathological perspective, the first recorded evidence 
of this sign dates back to the classical world, in particular to Emperor Hadrian (76– 
138 CE).2 Two more cases from the Italian Renaissance (1431–1506) and the 
sculptures of Medici family have also been reported with the ELC.3,4 It is classified 
as a diagonal fold or wrinkle-like line extending from the tragus across the lobule to 
the rear edge of the auricle area of the ear. A considerable amount of epidemiolo-
gical and meta-analysis studies has demonstrated that ELC is independently linked 
to coronary artery disease (CAD). Therefore, it has been recognized as a simple 
cutaneous marker in patients with CAD.5–14 The putative pathophysiologic 
mechanisms leading to such individual susceptibility remain unresolved.
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Klotho, a 130-kD gene first recognized in 1997, 
encodes a novel protein, which is expressed in the renal 
distal tubular epithelial cell and is assumed to be 
a regulator of the human aging course.15,16 Klotho knock-
out mice (Klotho-/-) produce a phenotype similar to pre-
mature human aging, such as endothelial dysfunction, 
progressive atherosclerosis, and lifespan shortening.17 

Circulating forms of Klotho (defined as soluble Klotho) 
and proteolytic cleavage of the extracellular domain of 
Klotho can be detected in blood and urine and cerebrosp-
inal fluid.18 Soluble Klotho is related to the anti-apoptotic 
effect of vascular endothelial cells and cardiovascular pro-
tective properties.16,19–21 Recently, some clinical trials 
have shown that a lower concentration of soluble Klotho 
is independently correlated with a higher risk of cardio-
vascular morbidity and mortality.22–26

Because ELC was always regarded as a marker of 
premature degradation, we hypothesized that Klotho 
might be a bridge connecting ELC and CAD. Thus, we 
conducted a cross-sectional study to test the hypothesis 
that lower serum Klotho concentrations are associated 
with the presence of CAD in patients with diagonal ear-
lobe crease.

Materials and Methods
Subjects
From May to October 2016, patients with ELC (n = 45) 
and without ELC (n = 45) who underwent coronary angio-
graphy and were afflicted with coronary heart disease in 
the Shaanxi Provincial People’s Hospital were enrolled as 
test subjects. Other patients (n = 45) without ELC and 
CAD were selected as the control group. Since the corre-
lation between ELC and CAD is ambiguous in the patients 
older than 70, only patients younger than 70 were 
recruited. A brief medical questionnaire was administered 
to all the patients before the examination. The exclusion 
criteria were as follows: Severe chronic heart failure 
(New York Heart Association Grade 3 or higher), severe 
valvular heart disease, arrhythmia, chronic kidney disease, 
adrenal insufficiency or thyroid dysfunction, or malignant 
tumors, steroids, non-steroidal anti-inflammatory drugs or 
other immunosuppressive drugs. The study was conducted 
in accordance with the Declaration of Helsinki (revised in 
2013). This study was approved by the Ethics Committee 
of Shaanxi Provincial People’s Hospital. Written informed 
consent was obtained from all participants.

Coronary Angiography
Coronary angiography was performed through the femoral 
artery or radial artery approach using the Judkins techni-
que, and the recording rate is 15 frames/s. Significant 
CAD is defined as a stenosis of one or more major epi-
cardial vessels exceeding 50%, and the control group is 
defined as a stenosis of each major epicardial vessel <50%.

Grading of ELC
In short, the earlobe structure is first drawn in a sitting 
position. the characteristics (eg, length, depth, width, and 
the number of creases) of each earlobe crease were 
recorded and evaluated. In each ear, a deep and clear 
ELC that extends completely through the earlobe is scored 
as 2 points, and an ELC that is marked as superficial or not 
completely through the earlobe is scored as 1 point, and 0 
for ears in which no ELC was observed. The ELC score in 
each case represents the total score of both ears. The two- 
sided ELC in this study was defined as a score ≥3. If ELC 
is observed on at least one earlobe, we assign the patient to 
the ELC group (Figure 1). The two authors took digital 
photographs of the earlobes for independent evaluation 

Figure 1 Typical example of the unilateral earlobe crease. The arrow shows 
earlobe crease.
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later. With the participation of the third researcher, the 
differences were resolved through consensus.

Biochemical Analyses
Fasting blood samples were collected on EDTA-aprotinin 
tubes and immediately placed in an ice bath. Serum lipids 
were measured via enzymatic procedures using an automated 
analyzer (AU 2700 Olympus, 1st Chemical Ltd., Japan), 
such as total cholesterol, triglycerides, and HDL-C. The 
Klotho concentration was determined using a validated sand-
wich ELISA with a Klotho specific antibody (Cusabio 
Biotech Co. Ltd., Wuhan, China). Five Klotho plasma sam-
ples were used to evaluate the intra- and inter-assay coeffi-
cients of variation, ranging from 3.5% to 4.7% (average 
4.2%) and 4.8% to 6.2% (average 5.4%).

Statistical Analysis
Data are expressed as proportion n (%), ratio (A/B) and 
mean ± standard deviation (M ± SD). In addition, a one- 
way analysis of variance (ANOVA) was performed to 
calculate the difference between biochemical markers. 
Multivariate analysis was used to adjust age, gender, and 
BMI accordingly. We use multiple logistic regression ana-
lyses to determine the parameters that affect the appear-
ance of the diagonal ELC. SPSS 16.0 for Windows was 
used for calculation. We use a two-tailed P value of <0.05 

to evaluate the probability to describe statistical 
significance.

Result
Profiles of Study Subjects
Table 1 summarizes the population characteristics of all 
patients. The patients were similar in age, ranging from 40 
to 68 years old (P>0.05). Risk factors for cardiovascular 
atherosclerosis, such as dyslipidemia, diabetes, obesity, 
and smoking status, were not significantly different 
between the groups. Although there was no significant 
difference in blood pressure, the ELC group used hyper-
tension drugs more frequently.

As shown in Figure 2, the serum Klotho level in the ELC 
group was 365.6 ± 38.1 pg/mL, while the non-ELC group was 
568.8 ± 44.9 pg/mL, and the ELC group was significantly 
lower than the non-ELC group (P < 0.001). The serum Klotho 
level of the control group was higher than that of the non-ELC 
group, but the difference was not statistically significant (593.3 
± 45.3 vs 568.8 ± 44.9 pg/mL, P = 0.702). Interestingly, when 
the patients were divided into two groups based on CAD, the 
serum Klotho level in the CAD group was significantly lower 
than that in the non-CAD group (CAD group, n = 90, 467.2 ± 
31.2 pg/mL vs non-CAD group, n = 45, 593.3 ± 45.3 pg/mL, 
p = 0.02). After adjusting for age and gender, multiple logistic 
regression analysis showed that Klotho level is a parameter 

Table 1 Baseline Demographic and Clinical Characteristics of the Enrolled Patients

Parameter All Patients (N=135) ELC Group (N=45) Non-ELC Group (N=90) P-value

CAD+ Group CAD− Group

Age (year) 58.3 ± 6.54 60.0 ± 6.69 57.38 ± 5.8 57.6 ± 6.86 0.109

Gender (M/F) 83/52 32/13 27/18 24/21 0.134
Body mass index, kg/m2 22.6 ± 3.0 23.0 ± 2.8 22.3 ± 2.9 22.5 ± 3.2 0.641

Systolic BP (mmHg) 130.5 ± 17.1 130.7 ± 18.4 129.6 ± 17.4 131.2 ± 15.7 0.896
Diastolic BP (mmHg) 80.9 ± 10.7 78 ± 9.34 81.8 ± 9.54 82.9 ± 12.5 0.077

HbA1c (%) 6.01 ± 0.75 5.88 ± 0.48 5.85 ± 0.53 6.32 ± 1.02 0.004*

Urea nitrogen, mmol/L 5.0 ± 1.55 4.97 ± 1.59 4.74 ± 1.48 5.31 ± 1.54 0.213
Creatinine, mmol/L 72.6 ± 16.2 74.5 ± 19.7 72.0 ± 13.4 71.2 ± 15.0 0.620

Cystatin c, mmol/L 1.04 ± 0.04 1.06 ± 0.31 0.94 ± 0.25 1.11 ± 0.57 0.117

Total cholesterol, mmol/L 4.12 ± 1.18 4.14 ± 1.12 4.09±1.45 4.12 ± 0.93 0.985
Triglycerides, mmol/L 1.57 ± 0.81 1.53 ± 0.83 1.58 ± 0.63 1.62 ± 0.94 0.882

LDL-cholesterol, mmol/L 2.16 ± 0.8 2.22 ± 0.87 2.13 ± 0.94 2.13 ± 0.55 0.821

HDL-cholesterol, mmol/L 1.06 ± 0.24 1.09 ± 0.29 1.04 ± 0.19 1.03 ± 0.22 0.449
Smoking status, (Yes/No) 80/55 30/15 26/19 24/21 0.564

Hypertension, n (%) 61 (45.2) 29 (64.4) 14 (31.1) 18 (40) 0.002*

Diabetes mellitus, n (%) 37 (27.4) 9 (20) 14 (31.1) 14 (31.1) 0.11

Notes: Data are expressed as proportion n (%), ratio (A/B) and mean ± standard deviation (M ± SD). *P < 0.05, the difference is statistically significant. 
Abbreviations: ELC, earlobe crease; CAD, coronary artery disease; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CAD+, diagnosed 
with CAD; CAD−, diagnosed without CAD.
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that affects the appearance of ELC (odds ratio = 0.997, 95% 
confidence interval (95% CI) = 0.996–0.999, P < 0.001). 
Therefore, a 100 pg/mL decrease in Klotho levels is associated 
with an average increase in the incidence of ELC by 30%.

Discussion
This research provides new insights for the development 
of ELC. Patients with ELC had significantly lower serum 
Klotho levels, indicating that the premature status may 
contribute to the progress of the disorder. In logistic 
regression analysis, a decrease of 100 pg/mL in Klotho 
level was associated with an average increase of 30% in 
the incidence of ELC.

Klotho is an age-suppressing protein that plays a role 
in many ways to control aging and decline during the 
aging process.27,28 The vascular phenotype of Klotho defi-
ciency is characterized by endothelial dysfunction, pro-
gressive atherosclerosis, arteriosclerosis, and 
hypertension.15,29 In addition, the administration of recom-
binant soluble Klotho can prolong life and improve the 
phenotype associated with premature aging.30 Circulating 
Klotho is involved in maintaining endothelial integrity 
while also protecting against vascular permeability.18,31– 

33 Klotho could modulate endothelium-dependent dilation 
and increase excretion of nitric oxide metabolites, as well 
as ameliorate oxidative stress.29,34–37 Several studies have 
indicated that the disruption of Klotho homeostasis may be 

inseparable in the development of CAD. Navarro- 
González et al22 conducted a cross-sectional study, which 
reflected the lower soluble concentration of Klotho and the 
decrease of Klotho gene expression in the blood vessel 
wall. Kresovich and Bulka38 indicated that low serum 
klotho concentration is considered to be <666 pg/mL and 
that was found to be associated with a higher risk of death 
compared to higher klotho levels >985 pg/mL. In addition, 
the InCHIANTI (Aging in the Chianti Area) research, 
which involved 1023 subjects, observed that higher plasma 
Klotho concentrations were independently associated with 
a lower likelihood of cardiovascular disease among adults 
living in the community.23 Our study also found that the 
serum Klotho level in the CAD group is significantly 
reduced, consistent with previous studies, but the serum 
Klotho level seems to be maintained at a low level in all 
three groups. This may be because the three groups of 
patients in this study were not healthy people. The control 
group without ELC was not diagnosed with CAD, just 
because the results of coronary angiography are not suffi-
cient to diagnose CAD. But the patients in control group 
were also suspected of having acute coronary syndrome 
for various reasons and accepted invasive coronary angio-
graphy. So from this perspective, the result of the serum 
Klotho level in our study is still consistent with the pre-
vious study. The ELC group had a significantly lower 
result than the non-ELC in the CAD group. If patients 

Figure 2 Comparison of serum Klotho levels between enrolled patients with and without diagonal ELC. 
Abbreviation: ELC, earlobe crease.
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with ELC were excluded, no statistical significance was 
found between the CAD group and no CAD group. 
Therefore, we conclude that ELC, which was also an 
important predictive approach of CAD, may be associated 
with the perturbations of Klotho (Figure 3).

A firm pathophysiologic foundation for the relation-
ship between ELC and CAD was absent. Lucenteforte 
et al13 performed a meta-analysis, which included more 
than 31,100 subjects. This meta-analysis determined that 
62% of patients with CAD have ELC, and the risk of CAD 
in patients with ELC was 3.3 times higher than that of the 
patients without ELC. A 35-years follow-up prospective 
cohort study of 10,885 people showed that ELC was 
associated with an increased risk of ischemic heart disease 
and myocardial infarction, but not with age and other 
cardiovascular risk factors.11 Meanwhile, a study con-
ducted by Shoenfeld et al39 found that the biopsy speci-
mens of the earlobe of ELC patients had some 

representative precocious variations, such as elastin 
degeneration, atrophic elastic fibers, and the thickness of 
the anterior artery wall. These were also observed in the 
coronary arteries of patients with CAD. Additionally, 
Higuchi et al40 demonstrated a shorter telomere length in 
the MetS patients with ELC, a useful indirect marker of an 
accelerated aging process.41 In the meantime, there are 
several systematic reviews disproving such 
association.42,43 There is also emerging research linking 
ELC to the mechanical traction secondary to visceral 
obesity of the face.44 Furthermore, congenital earlobe 
creases were notes in neonates with Beckwith- 
Wiedemann syndrome.45 Although the relationship 
between ELC and CAD still cannot be drawn a definite 
conclusion, for evidence which are for and against are 
both obtained, and the association between the ELC and 
atherosclerosis has not been established in this study. 
From our respective, we are more inclined to think that 

Figure 3 The potential pathophysiologic foundation for the relationship between ELC and CAD. 
Abbreviations: ELC, earlobe crease; CAD, coronary artery disease.
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ELC is a sign of CAD, and consequently, we could 
hypothesize that some agents that accelerate premature 
degradation may act as the bridge, the Klotho, between 
ELC and CAD.

The advantage of this study is that subjects were 
recruited according to age matching, chronic kidney dis-
ease was excluded, and multiple logistic regression analy-
sis was performed. Thus, confusion due to these exposures 
should be minimized. Moreover, coronary angiography 
was performed to define the CAD. However, a few limita-
tions of the current analysis are worth discussing. First, the 
present study did not explore the differentiation of unilat-
eral versus bilateral ELC, and the shapes of the ELC 
whether they were attached (soldered) or free were not 
focused on. Second, although the baseline demographic of 
the enrolled patients about the gender and age shows no 
statistical differences, it should be noticed that ELC group 
had the highest male/female ratio (M/F: 32/13) compared 
to controls (M/F: 24/21), and the participants of the ELC 
group were the oldest of all groups. For age and gender are 
strongly associated with the ELC, it may suggest that more 
sample size is needed. Additionally, the results may not be 
applicable to an unselected community population for all 
the participants are not healthy people. Further studies are 
required to validate our findings in a larger and more 
diverse sample. Moreover, although a statistical relation-
ship appears to exist, the direct causal link between Klotho 
and ELC could not be clarified.

In conclusion, serum Klotho levels were significantly 
lowered in patients with ELC, and we provide a fresh 
insight into the putative mechanisms of ELC. We con-
cluded that the perturbations of Klotho in patients might 
be associated with ELC and with CAD. Our findings may 
have potential clinical and public health implications.
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