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 Abstract 
  Background:  Arterial stiffness has been established as a surrogate marker for the prognosis 
of cardiovascular disease. Arterial stiffness is also a predictor of future cardiovascular events, 
and is the earliest detectable manifestation of adverse structural and functional changes to 
blood vessel walls.  Summary and Key Messages:  The cardio-ankle vascular index (CAVI) is 
an index representing the stiffness of the entire arterial segments from the aorta to the ankle 
independent of the blood pressure at the time of the measurement. This paper provides an 
overview of the clinical application of arterial stiffness measurement by CAVI in asymptom-
atic Koreans. It includes the association between cardiometabolic risk factors and CAVI, and 
the relation between CAVI and asymptomatic coronary artery disease. 
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 Introduction 

 Arterial stiffness, evaluated by various methods such as pulse wave velocity (PWV), 
augmentation index (AIx) and beta stiffness index, has been established as a marker of cardio-
vascular disease (CVD) and a risk factor in the progression of atherosclerosis  [1] . However, 
most of these parameters were affected by the blood pressure at the time of measurement. 
The cardio-ankle vascular index (CAVI) reflects the stiffness of the whole arterial segments 
including the aorta, femoral artery and tibial artery  [2]  and is not affected by blood pressure 
during the measurement. 
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  This paper provides an overview of the clinical application of the CAVI to evaluate arterial 
stiffness in an asymptomatic Korean population.

  Age- and Gender-Stratified Value of the CAVI in Healthy Koreans 

 We reported the age- and gender-stratified value of the CAVI in healthy Koreans to 
evaluate the effect of age on arterial stiffness  [3] . Healthy and normotensive subjects aged 
20–79 years had no history of CVD and were free from taking medications for hypertension, 
diabetes mellitus or dyslipidemia (n = 1,380; 44.1% males). The CAVI increased linearly with 
age ( fig. 1 ), whereas systolic blood pressure, diastolic blood pressure and pulse pressure did 
not. The CAVI in men was higher than that in women among subjects aged 30–59 years. The 
differences between the genders were not significant in the subjects over 60 years of age.

  These data suggest that age is the dominant risk factor for the progression of arterial 
stiffness, and that the CAVI might be a sensitive marker of the arterial aging process above 
and beyond the conventional upper-arm blood pressure.

  In the Anglo-Cardiff Collaborative Trial with a large cohort of healthy, normotensive indi-
viduals  [4] , aortic PWV correlated significantly with age. In contrast to CAVI, age-related 
changes in aortic PWV and AIx did not appear linear, with AIx increasing more in younger 
individuals, whereas the changes in aortic PWV were more prominent in older individuals 
over 50 years of age. 

  The age- and sex-specific CAVI in healthy Koreans may play a role as the baseline value 
to understand the effect of CVD risk factors on arterial stiffness and to evaluate the effect of 
treatment of CVD risk factors in younger and older populations.

  The Association of Arterial Stiffness with Different Fat Compartments 

 We investigated the association of fat burden with CAVI in a symptomatic population
(n = 260)  [5] . Visceral adipose tissue, epicardial adipose tissue (EAT) and the subcutaneous 
to visceral adipose tissue ratio have shown significant correlations with arterial stiffness 
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  Fig. 1.  CAVI scores by age be-
tween males and females among 
CVD risk-free Koreans. CAVI =
5.0 + 0.048 × age (year) in male
( r  = 0.629,  r  2 =  0.395, p < 0.001); 
CAVI = 4.8 + 0.045 × age (year) in 
female ( r  = 0.671,  r  2 =  0.450, p < 
0.001) by simple linear regres-
sion. Modified from Choi et al.  [3] . 
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measured by CAVI. EAT showed an independent association with arterial stiffness by multi-
variable correlation analysis. However, there was no significant difference in CAVI among 
body mass index categories in both genders. 

  Different fat compartments have shown different correlations with CAVI. Visceral obesity, 
rather than general obesity per se, is a possible risk factor for increased arterial stiffness. EAT 
showed the strongest correlation with CAVI, which may be due to greater metabolic activity 
of EAT. 

  Nonalcoholic Fatty Liver Disease as a Risk Factor for Increased Arterial Stiffness  

 Nonalcoholic fatty liver disease (NAFLD) is associated with risk factors for CVD. We 
investigated whether NAFLD is associated with arterial stiffness in apparently healthy 
subjects without any known liver diseases (n = 2,954)  [6] . NAFLD diagnosed via typical 
ultrasonography was found in 42.3%. When adjusted for age, sex, body mass index, waist 
circumference, smoking status, diabetes, and hypertension, NAFLD was associated with a 
32% increase in the risk of increased arterial stiffness (age- and sex-specific highest quartile 
of the CAVI). The risk of arterial stiffness increased according to the severity of NAFLD 
[adjusted odds ratio (95% confidence interval), 1.20 (0.96–1.50) vs. 1.59 (1.21–2.08), for 
mild vs. moderate-to-severe, respectively]. In subgroup analysis, the association between 
NAFLD and arterial stiffness was significant in the younger and nonobese groups. The 
presence of cardiometabolic risk factors in the older and obese groups may attenuate the 
prediction. 

  These results suggest that NAFLD is a risk factor for increased arterial stiffness, and CAVI 
is a useful tool to evaluate the risk, especially in the younger and nonobese groups.
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  Fig. 2.  Comparison of the area under the curves for predicting CAC  ≥ 300 ( a ) and coronary stenosis  ≥ 50% 
( b ) for CAVI in addition to traditional risk factors including age  ≥ 50 years, gender, hypertension, diabetes 
mellitus, dyslipidemia, and high-sensitive C-reactive protein. The area under the curves increased from 0.739 
to 0.791 (p = 0.023) ( a ) and from 0.761 to 0.842 (p = 0.032) ( b ). Modified from Park et al.  [7] . 
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  Relation between Arterial Stiffness and Coronary Artery Calcification or Stenosis 

 We investigated the association of CAVI with the severity of coronary artery calcification 
(CAC) and coronary stenosis by coronary computed tomography angiography in an asymp-
tomatic population without coronary artery disease (n = 549)  [7] . After adjustment for 
potential confounders, including age, gender, hypertension, diabetes mellitus, and dyslip-
idemia, a predefined cutoff value of CAVI  ≥ 8 was associated with advanced CAC (CAC  ≥ 300) 
and significant coronary stenosis (stenosis  ≥ 50%). Specifically, the adjusted odds ratio (95% 
confidence interval) of CAC  ≥ 300 and coronary stenosis  ≥ 50% was 3.57 (1.92–6.66) and 2.81 
(1.13–7.00), respectively. Additional inclusion of CAVI improved the predictive power of the 
receiver operating characteristic curves for predicting coronary atherosclerosis based on 
traditional risk factors ( fig. 2 ). CAVI reflects coronary atherosclerosis and may be used as a 
screening tool for assessing subclinical atherosclerotic burden in an asymptomatic popu-
lation.

Conclusions

  In Korea, arterial stiffness measured with CAVI was reported to be related to cardiomet-
abolic risk factors such as EAT and NAFLD. Therefore, EAT and NAFLD were independent risk 
factors for increased arterial stiffness in an asymptomatic healthy population. CAVI was asso-
ciated with advanced CAC and significant coronary stenosis. Arterial stiffness measurement 
by CAVI may also play potential roles in reflecting coronary atherosclerosis. In order to 
explain these mechanisms, further studies are needed to evaluate the association between 
CAVI and various biochemical materials which cause metabolic disorders and coronary artery 
disease.
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