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sion:  Patients with ELC had higher CAVI than normal subjects. 
This observation of ELC is simple, adds no cost and can be 
easily made by most physicians, and it may provide important 
predictive information of arterial stiffness and subclinical ath-
erosclerosis in asymptomatic hypertensive subjects. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Arterial stiffness is increasingly recognized as a surro-
gate end point for cardiovascular disease  [1]  and is an 
important risk factor for cardiovascular morbidity and 
mortality  [2, 3] . Also, increased arterial stiffness is a pos-
sible simultaneous risk for atherosclerotic cardiovascular 
disease and diastolic heart failure in patients with hyper-
tension  [4] . Hence, arterial elastic properties are increas-
ingly used for risk stratification purposes in several popu-
lations and, recently, the European Society of Hyperten-
sion/European Society of Cardiology guidelines for the 
management of arterial hypertension suggested the eval-
uation of arterial stiffness as a tool for the assessment of 
subclinical target organ damage  [5] .

  Cardio-ankle vascular index (CAVI) is considered to 
reflect arteriosclerosis of the aorta and is a novel param-
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 Abstract 

  Objective:  The aim of this study was to investigate the asso-
ciation between earlobe crease (ELC) and cardio-ankle vascu-
lar index (CAVI) in asymptomatic hypertensive subjects.  Ma-

terials and Methods:  A total of 75 subjects with ELC and 75 
age- and gender-matched patients without ELC were pro-
spectively selected from subjects admitted to the Outpatient 
Cardiology Clinic. ELC was assigned to a person with a crease 
stretching obliquely from the outer ear canal towards the bor-
der of the earlobe of at least one ear. CAVI was assessed by a 
VaSera VS-1000 instrument.  Results:  There were statistically 
significant higher CAVI values in ELC subjects (9.8 ± 2.1 vs. 8.6 
± 1.6, p < 0.001). There was a significant and positive associa-
tion between CAVI and age (r = 0.42, p < 0.001), ELC (r = 0.31, 
p < 0.001), BMI (0.20, p < 0.001) and male gender (r = 0.21,
p = 0.04). Linear regression analysis demonstrated ELC (95% 
confidence interval, CI, 0.61–1.74, p = 0.009), age (95% CI 
0.03–0.09, p < 0.001) and male gender (95% CI 0.48–1.55, p = 
0.03) as independent determinants of CAVI. Also, there was a 
higher prevalence of ELC in subjects with subclinical athero-
sclerosis (CAVI  ≥ 9) than in normal subjects (CAVI <9).  Conclu-
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eter of arterial stiffness and surrogate marker of subclini-
cal atherosclerosis  [6] . Diagonal earlobe crease (ELC) is a 
wrinkle-like line extending diagonally from the tragus 
across the lobule to the rear edge of the auricle of the ear 
 [7] . The presence of ELC is associated with increased all-
cause and cardiac morbidity and mortality in patients 
with and without coronary artery disease. However, there 
is no study investigating any possible association between 
CAVI and ELC in asymptomatic hypertensive subjects. 
Therefore, the main purpose of this study was to investi-
gate any such association.

  Subjects and Methods 

 Subjects 
 A total of 75 subjects with ELC and 75 age- and gender-matched 

patients without ELC were prospectively selected from the Cardi-
ology Outpatient Clinic, Ahi Evren Thoracic and Cardiovascular 
Surgery Training and Research Hospital, Trabzon, Turkey. Exclu-
sion criteria were patients with moderate-to-severe valvular dis-
ease including prosthetic valves, bicuspid aortic valves, congenital 
heart disease, bacterial endocarditis, atrial fibrillation or hypertro-
phic obstructive cardiomyopathy, as well as those who had suf-
fered from symptomatic vascular disease such as stroke, transient 
ischemia, coronary heart disease, congestive heart failure and in-
termittent claudication. Coronary heart disease was defined as 
self-reported myocardial infarction, angina or use of nitroglycerin, 
as well as self-reported history of coronary angioplasty or coronary 
artery bypass surgery. Cerebrovascular disease was defined as self-
reported stroke, transient ischemic attack or carotid endarterec-
tomy. The presence of a diagonal ELC was assigned to a person 
with a crease stretching obliquely from the outer ear canal towards 
the border of the earlobe of at least one ear. The Ethics Committee 
of the institution approved the study and informed consent was 
obtained from all subjects.

  Assessment of Cardiovascular Risk Factors 
 In addition to questions about the symptoms of ischemic heart 

disease, peripheral vascular disease and stroke, data on cardiovas-
cular risk factors, diabetes mellitus, arterial hypertension and 
smoking habits were obtained. Patients were considered to be hy-
pertensive if they had systolic blood pressure >140 mm Hg and/or 
diastolic pressure >90 mm Hg or were using antihypertensive 
drugs. Subjects with fasting glucose  ≥ 126 mg/dl and/or use of 
pharmacological treatment were considered as having diabetes. 
Smoking was defined as ‘current smokers’ or ‘nonsmokers’. Hy-
percholesterolemia was defined as total cholesterol >200 mg/dl or 
taking medications. Body mass index (BMI) was calculated as 
weight (kilograms)/height 2  (meters).

  Arterial Stiffness Measurements 
 Arterial stiffness was assessed by CAVI. It was measured using 

a VaSera VS-1000 CAVI instrument (Fukuda Denshi Co. Ltd., To-
kyo, Japan), using a previously described method  [7] , in the morn-
ing after 12 h of fasting. Briefly, cuffs were applied to the bilateral 
upper arms and ankles, with the subject lying supine and the head 

held in the midline position. After resting for 10 min the following 
measurements were performed: electrography, phonocardiogra-
phy, and pressure and waveforms of brachial and ankle arteries. 
Thereafter, CAVI was calculated automatically and gave left and 
right CAVI values; if the higher value was chosen there were dif-
ferences in left and right CAVIs. Based on the manufacturer’s rec-
ommendations, CAVI <8 was considered normal, 8 to <9 border-
line and  ≥ 9 abnormal  [8] .

  Statistical Analysis 
 Continuous variables were expressed as mean ± standard de-

viation and categorical variables were expressed as percentages. An 
analysis of normality of the continuous variables was performed 
with the Kolmogorov-Smirnov test. A comparison of the categor-
ical variables between the patients with and without ECL was per-
formed using a χ 2  test. Continuous variables were compared using 
the unpaired t test and Mann-Whitney U test. Spearman’s and 
Pearson’s correlation analyses were performed to assess the asso-
ciation between CAVI and ELC. Linear regression analysis was 
performed to find the independent determinant of CAVI. A p val-
ue <0.05 was considered statistically significant. Statistical analysis 
was done using SPSS 14.0 statistical software.

  Results 

 Clinical and laboratory characteristics of subjects 
with and without ELC are given in  table 1 . Subjects with 
ELC had higher rate of diabetes, smoking and BMI. 
There was a statistically significant difference in CAVI 
values between subjects with and without ELC (9.8 ± 2.1 
vs. 8.6 ± 1.6, p < 0.001;  fig. 1 ). There was a significant 
and positive association between CAVI and age (r = 
0.42, p < 0.001), ELC (r = 0.31, p < 0.001), BMI (0.20,
p < 0.001) and male gender (r = 0.21, p = 0.04) and a 
negative correlation with cholesterol-lowering therapies 
(r = –0.17, p = 0.03). Linear regression analysis showed 
ELC (95% confidence interval, CI, 0.61–1.74, p = 0.009), 
age (95% CI 0.03–0.09, p < 0.001) and male gender (95% 
CI 0.48–1.55, p = 0.03) as independent determinants of 
CAVI ( table 2 ).

  The numbers of subjects with normal, borderline and 
abnormal CAVI values were 40, 27 and 83, respectively, 
while the numbers of patients with ELC in these CAVI 
values were as follows: normal = 11 (28%), borderline = 
15 (20%) and abnormal = 49 (65%; p = 0.004;  fig. 2 ).

  Discussion 

 The findings revealed increased CAVI values in as-
ymptomatic hypertensive subjects with ELC. Also, there 
was an increased prevalence of ELC in subjects with ab-
normal and borderline CAVI values.
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Table 1.  Clinical and laboratory characteristics of subjects with and without ELC

ELC (–)
(n = 75)

ELC (+)
(n = 75)

p
value

Age, years 67 ± 12 65 ± 12 0.32
Male gender, n 30 (40) 38 (50) 0.15
Diabetes, n 11 (15) 22 (29) 0.02
Smoking , n 5 (7) 14 (19) 0.002
Dyslipidemia 22 (29) 15 (20) 0.17
BMI 26 ± 5 28 ± 6 0.004
LDL, mg/dl 139 ± 37 137 ± 38 0.18
HDL, mg/dl 47 ± 12 43 ± 13 0.25
Triglyceride, mg/dl 148 ± 68 149 ± 69 0.79
Cholesterol, mg/dl 208 ± 44 205 ± 51 0.33
Systolic blood pressure, mm Hg 144 ± 23 142 ± 21 0.61
Diastolic blood pressure, mm Hg 89 ± 9 91 ± 11 0.12
Heart rate, beats/min 76 ± 18 72 ± 12 0.34
CAVI 8.6 ± 1.6 9.8 ± 2.1 <0.001
Cardiovascular medication

ACE inhibitors or ARB, n 55 (73) 47 (63) 0.16
Calcium channel blockers, n 32 (43) 29 (39) 0.42
β-Blockers, n 18 (24) 15 (20) 0.12
Cholesterol-lowering drugs, n 16 (21) 13 (17) 0.51
Aspirin, n 32 (43) 23 (31) 0.21

 Values in parentheses are percentages. ACE = Angiotensin-converting enzyme; ARB = angiotensin receptor 
blocker; HDL = high density cholesterol; LDL = low density cholesterol.

Table 2.  Correlation and regression analyses of CAVI and other variables

Correlation analysis Regression analysis

r p 95 % CI p

Age 0.42 <0.001 0.03–0.09 <0.001
Male gender 0.21 0.04 0.48–1.55 0.03
Hypertension 0.06 0.41 – –
Diabetes 0.06 0.44 – –
Smoking 0.05 0.79 – –
Dyslipidemia 0.16 0.06 –1.4–0.21 0.16
BMI 0.20 <0.001 –0.02–0.08 0.22
ELC 0.31 <0.001 0.61–1.74 0.009
Cardiovascular medication

ACE inhibitors or ARB –0.02 0.76 – –
Calcium channel blockers 0.15 0.40 – –
β-Blockers –0.21 0.07 –0.56–1.34 0.41
Cholesterol-lowering drugs –0.17 0.03 –2.52–0.78 0.29
Aspirin 0.05 0.26 – –

 ACE = Angiotensin-converting enzyme; ARB = angiotensin receptor blocker.
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  Several alterations in vascular structure have been de-
scribed in patients with systemic hypertension  [9–11] , 
and most cardiovascular events are the consequence of a 
progressive vascular disease. Arterial disease does not be-
gin with the first clinical event but develops long before 
without symptoms. Identifying asymptomatic individu-
als with subclinical arterial disease may be considered as 
the best current screening test for predicting subsequent 
coronary heart disease events and offering them aggres-
sive risk reduction therapy. In recent years, therefore, 
great emphasis has been placed in identifying patients 
with subclinical atherosclerosis  [10, 11] . However, tradi-
tional risk factors are poor screening tests for atheroscle-
rotic vascular disease  [10] .

  Stiffness of large arteries has been related to cardiovas-
cular mortality and CAVI is considered to reflect arterio-
sclerosis of the aorta and is a novel parameter of arterial 
stiffness and a surrogate marker of subclinical atheroscle-
rosis. Okura et al.  [12]  demonstrated a significant correla-
tion between CAVI and carotid intima-media thickness, 
another well-known surrogate marker of subclinical ath-
erosclerosis, and suggested that CAVI was a useful clini-
cal marker for evaluating subclinical atherosclerosis in 
patients with essential hypertension.

  Several studies demonstrated a significant association 
between ELC and atherosclerotic cardiovascular risk fac-
tors  [13–15] . Other investigators also found a significant 

association between ELC and carotid intima-media thick-
ness  [16, 17] . Previous researchers suggested that possible 
mechanisms linking ELC and coronary heart disease 
could be the consequences of systemic loss of elastin and 
elastic fiber. Also, changes in the ratio of collagen to elas-
tin have been known to structurally affect the elastic be-
havior of the arterial wall. This pathological mechanism 
might be a possible explanation for increased arterial 
stiffness in subjects with ELC.

  The limitations of this study include small sample size 
and only hypertensive patients in our study. Therefore, 
this finding may not be extrapolated to the general popu-
lation.

  Conclusion 

 The presence of ELC was significantly and indepen-
dently associated with CAVI in asymptomatic hyperten-
sive subjects. Hence, we recommend that physicians 
should pay attention to the evaluation of ELC, which may 
be helpful in detecting asymptomatic hypertensive pa-
tients with subclinical atherosclerosis. 
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  Fig. 2.  Distribution of subjects according to the CAVI categories. 
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  Fig. 1.  CAVI values in patients with and without ELC. 
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