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 Abstract 
  Introduction:  The cardio-ankle vascular index (CAVI) was developed in Japan and is a blood 
pressure-independent index of arterial stiffness from the origin of the aorta to the ankle. In 
recent years, it has been studied by many researchers worldwide, and it is strongly antici-
pated that it will play a role as a predictive factor for arteriosclerotic diseases. The objective 
of this study was to examine the benefits of using CAVI as a predictor of cardiovascular 
events in high-risk patients.  Methods and Design:  This prospective multicenter study to 
evaluate the usefulness of the CAVI to predict cardiovascular events in Japan (CAVI-J) is a 
cohort study with central registration. Participants (n = 3,000) will be scheduled to enroll and 
data will be collected for up to 5 years from entry of participants into the study. To be eli-
gible to participate in the CAVI-J study, individuals have to be aged between 40 and 74 years 
and have at least one of the following risk factors for arteriosclerosis: (1) type 2 diabetes 
mellitus; (2) high-risk hypertension; (3) metabolic syndrome; (4) chronic kidney disease (stage 
3), or (5) history of coronary artery disease or noncardiogenic cerebral infarction. The pri-
mary endpoints of this study are cardiovascular death, nonfatal myocardial infarction, and 
stroke. The secondary endpoints are composite cardiovascular events including all cause 
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death, angina pectoris with revascularization, new incidence of peripheral artery disease, 
abdominal aortic aneurysm, aortic dissection, heart failure requiring hospitalization, and 
deterioration in renal function. The cutoff for CAVI against the incidence of cardiovascular 
events will be determined.  © 2016 S. Karger AG, Basel 

 Introduction 

 Atherosclerosis is a major contributor to the development of cardiovascular diseases and 
thus a major cause of mortality and morbidity  [1] . Reflecting the aging of society and adoption 
of westernized lifestyles, the number of patients with cardiovascular diseases is also increasing 
 [2] . Risk factors for cardiovascular diseases include male sex, advanced age, hypertension, 
diabetes mellitus, dyslipidemia, obesity, and smoking. Patients often have several risk factors 
 [3] ; these need to be carefully managed to prevent future cardiovascular events. The avail-
ability of a simple and noninvasive indicator for monitoring would be a powerful tool for 
managing atherosclerotic risk factors.

  The cardio-ankle vascular index (CAVI) was developed in Japan and is a blood pressure-
independent index of arterial stiffness from the origin of the aorta to the ankle  [4] . In recent 
years, it has been studied by many researchers worldwide and it is strongly anticipated that 
it will play a role as a predictive factor for arteriosclerotic diseases. Published studies have 
shown that CAVI increases in the presence of cerebrovascular disease  [5] , dementia  [6] , 
cardiovascular disease  [7–9] , nephrosclerosis  [10] , vasculitis  [11, 12] , hypertension  [13] , 
hyperlipidemia  [10] , and lifestyle-related diseases including diabetes mellitus  [14] , smoking 
 [15] , sleep apnea syndrome  [16] , stress  [17]  and obesity  [18] , all of which are considered risk 
factors for arteriosclerosis. Recently, a single-center study reported a positive association 
between high CAVI values and incidence of cardiovascular diseases  [19] . However, no long-
term multicenter prospective studies of this association have yet been reported. 

  The objective of this 5-year prospective observational follow-up study is to examine the 
benefits of using CAVI as a predictor of cardiovascular events in high-risk patients.

  Methods 

 Design 
 This prospective multicenter study to evaluate the usefulness of the CAVI in Japan (CAVI-J) is a cohort 

study with central registration. Participants were scheduled to enroll in this study from May 2013 to 
December 2014. Data will be collected for up to 5 years from entry of participants into the study. The study 
was approved by the ethics committees of all hospitals involved. All participants provided written informed 
consent before enrollment. This study is conducted according to the principles expressed in the Declaration 
of Helsinki and is registered at ClinicalTrials.gov (NCT01859897).

  Subjects 
 The inclusion criteria are shown in  table 1 . To be eligible to participate in the CAVI-J study, indi-

viduals had to be aged between 40 and 74 years and have at least one of the following risk factors for 
arteriosclerosis: (1) type 2 diabetes mellitus; (2) high-risk hypertension; (3) metabolic syndrome; (4) 
chronic kidney disease (stage 3), or (5) history of coronary artery disease or noncardiogenic cerebral 
infarction. Diabetes mellitus was defined according to the American Diabetes Association  [20] . High-risk 
hypertension was defined as a complication of diabetes mellitus or chronic kidney disease, or organ 
damage or multiple risk factors according to the guidelines of the Japanese Society for Hypertension 2009 
 [21] . Metabolic syndrome was defined according to Japanese guidelines  [22] . Chronic kidney disease 
(stage 3) was defined as including patients with estimated glomerular filtration rates from 30 to 60 ml/
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min/1.73 m 2  in accordance with the position statement in Kidney Disease: Improving Global Outcomes 
(KDIGO)  [23] . Coronary artery disease included angina pectoris, myocardial infarction, and unstable 
angina. The diagnosis of unstable angina required a history of prolonged ischemic chest pain (>15 min in 
duration) accompanied by transient ischemic ST segment and T-wave abnormalities in an electrocardio-
graphic tracing but not accompanied by the development of Q-wave abnormalities or serum enzyme 
changes characteristic of myocardial necrosis. Myocardial infarction was defined according to the expert 
consensus document  [24] .

  The exclusion criteria are shown in  table 2 . Patients with an ankle-brachial index of not more than 0.9 
and those with chronic atrial fibrillation were excluded because their CAVI measurements may not have been 
accurate.

  Sample Size 
 The relative risk of cerebrovascular events in patients with a CAVI >10 has been estimated to be 1.73 

compared with patients with a CAVI  ≤ 10; thus, the study enrolled 2.5 times as many patients with a CAVI 
 ≤ 10 as patients with a CAVI >10  [19] , in whom the risk of cerebrovascular events is anticipated to be 4.6% 
in 5 years  [25] . From these data, the risks of cerebrovascular events in patients with a CAVI  ≤ 10 and in those 
with a CAVI >10 were anticipated to be 0.038 and 0.066 in 5 years, respectively. To detect this risk difference, 
the required sample size was calculated by Freedman’s method to be 810 for those with a CAVI  ≤ 10 and 2,024 
for those with a CAVI >10, with a two-sided α of 5%, 80% power and 20% dropout rate  [26] . On the basis of 
these assumptions, a sample size of 3,000 was chosen for this study.

  Endpoints 
 Primary and secondary endpoints are shown in  table 3 . The primary endpoints of this study are the only 

hard endpoints. Stroke included ischemic stroke and hemorrhagic stroke. The secondary endpoints are 
composite cardiovascular events. Each event will be evaluated, determined, and classified by the Event 
Committee according to predetermined detailed definitions. 

 Table 1.  Inclusion criteria (patients between 40 and 74 years of age who have at least one of the following)

1 Type 2 diabetes mellitusa

2 Metabolic syndrom eb

3 Hypertension in the highest-risk categoryc

4 Chronic kidney disease (stage 3)d

5 History of coronary artery disease or noncardiogenic cerebral infarction

 a Definition of the American Diabetes Association [20]. b Guidelines of the Japanese Society for Hyper-
tension 2009 [21]. c Japanese Guideline for metabolic syndrome [22]. d Position statement from Kidney 
Disease: Improving Global Outcomes (KDIGO) [23].

 Table 2.  Exclusion criteria

1 Under 40 years of age or over 75 years of age
2 Ankle-brachial index ≤0.9
3 Chronic atrial fibrillation
4 Heart failure (NYHA class III or IV) or left ventricular dysfunction (EF below 40%)
5 Medical history of cancer and/or treatment for cancer within the last 5 years
6 Estimated glomerular filtration rate <30 ml/min/1.73 m2 (according to the Modification of Diet in 

Renal Disease equation) or receiving dialysis due to renal failure
7 Treatment with systemic steroids or immunosuppressants
8 Liver cirrhosis
9 Determined as unsuit able for this study by a physician
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  Variables 
 Baseline information on age, sex, height, weight, abdominal circumference, and drinking and smoking 

status will be recorded. Laboratory data, including total cholesterol, high-density lipoprotein cholesterol, 
triglyceride, serum creatinine, uremic acid, hemoglobin A 1c , and proteinuria, will be collected after fasting 
when appropriate. Medications for diabetes mellitus, hypertension, dyslipidemia, osteoporosis and anti-
platelet and anticoagulation therapy will be recorded.

  Physical Activity 
 Moderate physical activity ( ≥ 150 min per week), vigorous physical activity ( ≥ 75 min per week) or no 

physical activity (<75 min per week) will be recorded  [27] .

  CAVI Measurements 
 CAVI was measured using a CAVI device (Vasera; Fukuda Denshi, Tokyo, Japan). Electrocardiogram 

electrodes were placed on both wrists, a microphone for detecting heart sounds was placed on the sternum, 
and cuffs were applied to the upper arms and ankles bilaterally with the patient lying in supine position 
and the head held in the midline position. The examinations were performed after resting for 10 min. The 
pressure of all cuffs was kept low at 50 mm Hg to minimize the effect of cuff pressure on hemodynamics. 
Blood pressure was then measured. Pulse wave velocity was to be obtained by dividing vascular length by 
the time (T) taken for the pulse wave to travel from the aortic valve to the ankle. However, in practice T 
was difficult to obtain because the time the blood left the aortic valve was difficult to identify from the 
sound of the valve opening. Thus, because the time between the sound of the aortic valve closing and the 
notch of the brachial pulse wave is theoretically equal to the time between the sound of the aortic valve 
opening and the rise of the brachial pulse wave, T was obtained by adding the time between the sound of 
the aortic valve closing and the notch of the brachial pulse wave and the time between the rise of the 
brachial pulse wave and the rise of the ankle pulse wave. CAVI was determined using the following formula: 
CAVI = a {(2ρ /  ∆ P) × ln (Ps / Pd) PWV 2 } + b, where a and b are constants, ρ is blood density, ΔP is Ps – Pd, 
Ps is systolic blood pressure, Pd is diastolic blood pressure, and PWV is pulse wave velocity. 

  Statistical Analysis 
 The cutoff for CAVI against the incidence of cardiovascular events will be determined by ROC analysis. 

After dividing the participants into low and high CAVI groups, the comparability of the two groups at 
baseline will be evaluated using the χ 2  or Fisher’s exact test for qualitative variables, and t test or Mann-
Whitney test for continuous variables. The effect of CAVI on each endpoint will be analyzed using the 
proportional hazards model. Statistical analysis will be performed according to the intention-to-treat prin-
ciple.

 Table 3.  Endpoints

Primary endpoints
1 Cardiov ascular death
2 Nonfatal myocardial infarction
3 Stroke

Secondary endpoints
1 All cause death
2 Angina pectoris with revascularization
3 New incidence of peripheral arterial disease (arteriosclerosis obliterans)
4 Aortic aneurysm
5 Aortic dissection
6 Heart failure with hospitalization
7 Deterioration in renal function (dialysis or renal transplantation) D
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  Discussion 

 The Framingham risk score has conventionally been widely accepted as a risk score for 
cardiovascular events and used in clinical practice  [28] . This CAVI-J study is expected to 
ascertain whether CAVI is able to predict cardiovascular events. In addition, the CAVI-J study 
will clarify whether CAVI is superior to the Framingham risk score. Furthermore, whether the 
‘Framingham-CAVI score’, which is a combination of the Framingham risk score and CAVI, is 
superior to conventional risk scores will be determined. CAVI was developed in Japan and is 
considered a stable index with the advantages of requiring only a simple measurement 
method and having less interexaminer and interfacility variations in measured values than 
conventional arteriosclerosis indices. We expect that the clinical usefulness of CAVI 
measurement in general practice will be established by the CAVI-J study.

  Acknowledgement 

 This work was supported by the Japan Vascular Disease Research Foundation.

  Disclosure Statement 

 All authors have no conflicts of interest.

 

 References 

  1 Roth GA, Forouzanfar MH, Moran AE, Barber R, Nguyen G, Feigin VL, Naghavi M, Mensah GA, Murray CJ: Demo-
graphic and epidemiologic drivers of global cardiovascular mortality. N Engl J Med 2015;   372:   1333–1341. 

  2 NIPPON DATA80 Research Group: Risk assessment chart for death from cardiovascular disease based on a 
19-year follow-up study of a Japanese representative population. Circulation 2006;   70:   1249–1255. 

  3 Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais P, Varigos J, Lisheng L: 
Effect of potentially modifiable risk factors associated with myocardial infarction in 52 countries (the INTER-
HEART study): case-control study. Lancet 2004;   364:   937–952. 

  4 Shirai K, Utino J, Otsuka K, Takata M: A novel blood pressure-independent arterial wall stiffness parameter; 
cardio-ankle vascular index (CAVI). J Atheroscler Thromb 2006;   13:   101–107. 

  5 Suzuki J, Sakakibara R, Tomaru T, Tateno F, Kishi M, Ogawa E, Kurosu T, Shirai K: Stroke and cardio-ankle 
vascular stiffness index. J Stroke Cerebrovasc Dis 2013;   22:   171–175. 

  6 Yamamoto N, Yamanaka G, Ishikawa M, Takasugi E, Murakami S, Yamanaka T, Ishine M, Matsubayashi K, 
Hanafusa T, Otsuka K: Cardio-ankle vascular index as a predictor of cognitive impairment in community-
dwelling elderly people: four-year follow-up. Dement Geriatr Cogn Disord 2009;   28:   153–158. 

  7 Nakamura K, Tomaru T, Yamamura S, Miyashita Y, Shirai K, Noike H: Cardio-ankle vascular index is a candidate 
predictor of coronary atherosclerosis. Circulation 2008;   72:   598–604. 

  8 Miyoshi T, Doi M, Hirohata S, Sakane K, Kamikawa S, Kitawaki T, Kaji Y, Kusano KF, Ninomiya Y, Kusachi S: 
Cardio-ankle vascular index is independently associated with the severity of coronary atherosclerosis and left 
ventricular function in patients with ischemic heart disease. J Atheroscler Thromb 2010;   17:   249–258. 

  9 Horinaka S, Yabe A, Yagi H, Ishimura K, Hara H, Iemua T, Matsuoka H: Comparison of atherosclerotic indicators 
between cardio ankle vascular index and brachial ankle pulse wave velocity. Angiology 2009;   60:   468–476. 

 10 Nakamura K, Iizuka T, Takahashi M, Shimizu K, Mikamo H, Nakagami T, Suzuki M, Hirano K, Sugiyama Y, 
Tomaru T, Miyashita Y, Shirai K, Noike H: Association between cardio-ankle vascular index and serum cystatin 
C levels in patients with cardiovascular risk factor. J Atheroscler Thromb 2009;   16:   371–379. 

 11 Sato H, Miida T, Wada Y, Maruyama M, Murakami S, Hasegawa H, Kuroda T, Narita I, Nakano M, Gejyo F: 
Atherosclerosis is accelerated in patients with long-term well-controlled systemic lupus erythematosus (SLE). 
Clin Chim Acta 2007;   385:   35–42. 

 12 Masugata H, Senda S, Himoto T, Murao K, Dobashi H, Kitano Y, Okuyama H, Inukai M, Hosomi N, Kohno M, 
Nishiyama Y, Kohno T, Goda F: Detection of increased arterial stiffness in a patient with early stage of large 
vessel vasculitis by measuring cardio-ankle vascular index. Tohoku J Exp Med 2009;   219:   101–105. 

D
ow

nloaded from
 http://w

w
w

.karger.com
/pls/article-pdf/4/Suppl. 1/11/3441057/000448464.pdf by guest on 24 April 2024



16Pulse 2016;4(suppl 1):11–16

 DOI: 10.1159/000448464 

 Miyoshi et al.: Protocol for Evaluating the Cardio-Ankle Vascular Index to Predict 
Cardiovascular Events in Japan: A Prospective Multicenter Cohort Study 

www.karger.com/pls
© 2016 S. Karger AG, Basel

 13 Miyashita Y, Saiki A, Endo K, Ban N, Yamaguchi T, Kawana H, Nagayama D, Ohira M, Oyama T, Shirai K: Effects 
of olmesartan, an angiotensin II receptor blocker, and amlodipine, a calcium channel blocker, on Cardio-Ankle 
Vascular Index (CAVI) in type 2 diabetic patients with hypertension. J Atheroscler Thromb 2009;   16:   621–626. 

 14 Ibata J, Sasaki H, Kakimoto T, Matsuno S, Nakatani M, Kobayashi M, Tatsumi K, Nakano Y, Wakasaki H, Furuta 
H, Nishi M, Nanjo K: Cardio-ankle vascular index measures arterial wall stiffness independent of blood 
pressure. Diabetes Res Clin Pract 2008;   80:   265–270. 

 15 Noike H, Nakamura K, Sugiyama Y, Iizuka T, Shimizu K, Takahashi M, Hirano K, Suzuki M, Mikamo H, Nakagami 
T, Shirai K: Changes in cardio-ankle vascular index in smoking cessation. J Atheroscler Thromb 2010;   17:   517–
525. 

 16 Kumagai T, Kasai T, Kato M, Naito R, Maeno K, Kasagi S, Kawana F, Ishiwata S, Narui K: Establishment of the 
cardio-ankle vascular index in patients with obstructive sleep apnea. Chest 2009;   136:   779–786. 

 17 Himeno A, Satoh-Asahara N, Usui T, Wada H, Tochiya M, Kono S, Yamada-Goto N, Katsuura G, Hasegawa K, 
Nakao K, Shimatsu A: Salivary cortisol levels are associated with outcomes of weight reduction therapy in 
obese Japanese patients. Metabolism 2012;   61:   255–261. 

 18 Satoh N, Shimatsu A, Kato Y, Araki R, Koyama K, Okajima T, Tanabe M, Ooishi M, Kotani K, Ogawa Y: Evaluation 
of the cardio-ankle vascular index, a new indicator of arterial stiffness independent of blood pressure, in 
obesity and metabolic syndrome. Hypertens Res 2008;   31:   1921–1930. 

 19 Kubota Y, Maebuchi D, Takei M, Inui Y, Sudo Y, Ikegami Y, Fuse J, Sakamoto M, Momiyama Y: Cardio-Ankle 
Vascular Index is a predictor of cardiovascular events. Artery Res 2011;   5:   91–96. 

 20 American Diabetes Association: Clinical practice recommendations 1999. Diabetes Care 1999;   22(suppl 1):S1–
S114. 

 21 Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki J, Horiuchi M, Imai Y, Imaizumi T, Ito S, Iwao H, Kario K, 
Kawano Y, Kim-Mitsuyama S, Kimura G, Matsubara H, Matsuura H, Naruse M, Saito I, Shimada K, Shimamoto 
K, Suzuki H, Takishita S, Tanahashi N, Tsuchihashi T, Uchiyama M, Ueda S, Ueshima H, Umemura S, Ishimitsu 
T, Rakugi H: The Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 
2009). Hypertens Res 2009;   32:   3–107. 

 22 Matsuzawa Y: Metabolic syndrome – definition and diagnostic criteria in Japan. J Atheroscler Thromb 2005;  
 12:   301. 

23 National Kidney Foundation: K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, clas-
sification, and stratification. Am J Kidney Dis 2002;39:S1–S266.

 24 Thygesen K, Alpert JS, White HD, Jaffe AS, et al: Universal definition of myocardial infarction. Circulation 2007;  
 116:   2634–2653. 

 25 Yamazaki T, Kohro T, Chujo M, Ishigaki M, Hashimoto T: The occurrence rate of cerebrovascular and cardiac 
events in patients receiving antihypertensive therapy from the post-marketing surveillance data for valsartan 
in Japan (J-VALID). Hypertens Res 2013;   36:   140–150. 

 26 Freedman LS: Tables of the number of patients required in clinical trials using the logrank test. Stat Med 1982;  
 1:   121–129. 

 27 Goldstein LB, Whitsel LP, Meltzer N, Schoeberl M, Birnbaum J, Nelson S, Gardner TJ, Yancy CW, Gibbons RJ, 
Sacco RL, Hiratzka L: American Heart Association and nonprofit advocacy: past, present, and future. A policy 
recommendation from the American Heart Association. Circulation 2011;   123:   816–832. 

 28 Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB: Prediction of coronary heart 
disease using risk factor categories. Circulation 1998;   97:   1837–1847. 

  

D
ow

nloaded from
 http://w

w
w

.karger.com
/pls/article-pdf/4/Suppl. 1/11/3441057/000448464.pdf by guest on 24 April 2024



Erratum

In the article by Miyoshi T. et al., entitled “Protocol for Evaluating the Cardio-Ankle Vascular Index to Predict 
Cardiovascular Events in Japan: A Prospective Multicenter Cohort Study” [Pulse 2016;4(suppl 1):11–16, DOI: 
10.1159/000448464], the last author’s name was misspelt and should read H. Orimo.
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