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Abstract

Pulse wave velocity (PWV) and cardio-ankle vascular index (CAVI) are measurements of arte-
rial stiffness and are widely used as indices of arteriosclerosis. In Japan, brachial-ankle PWV
(baPWV) is generally used to measure PWV, and while the reference value for this parameter
is specified in Japanese guidelines for the noninvasive vascular function test, the CAVI refer-
ence value has not been standardized. We measured CAVI in 4,545 patients with at least one
cardiovascular risk factor, and baPWV in 1,737 of these 4,545 patients on the same day as a
part of an ongoing nationwide registry. The association between CAVI and baPWV was posi-
tive and significant (r = 0.50, p < 0.001). The CAVI corresponding to baPWV 14 m/s derived
from the regression line was 8.303 and the CAVI corresponding to baPWV 18 m/s was 9.059.
The percentages of patients with low risk (CAVI <8.303), medium risk (CAVI 8.303-9.058) and
high risk (CAVI >9.059) were 35.0, 23.0, and 42.0% in 4,545 patients who underwent CAVI, re-
spectively. The percentages of patients with baPWV <14 m/s, baPWV 14-18 m/s and baPWV
>18 m/s were 22.9, 47.3, and 29.8% in 1,737 patients who underwent both baPWV and CAVI,
respectively. The average baPWV in low-risk patients (CAVI <8.303, n = 642) was 14.97 + 2.91
m/s, that in medium-risk patients (CAVI 8.303-9.058, n = 408) was 16.12 £ 2.80 m/s, and that
in high-risk patients (CAVI >9.059, n = 687) was 18.40 * 3.51 m/s. CAVI <8.303 corresponded
to a baPWV cutoff of 14 m/s, and CAVI >9.059 corresponded to a baPWV cutoff of 18 m/s.
The results of this ongoing prospective study are expected to confirm the association be-
tween the CAVI reference value and cardiovascular events. © 2018 S. Karger AG, Basel
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Introduction

Pulse wave velocity (PWV) is widely used as an index of arteriosclerosis and as a measure
of arterial stiffness [1]. Brachial-ankle PWV (baPWV) is widely used to measure PWV in Japan,
and more than 12,000 devices are currently available for this purpose. According to the
Japanese guidelines for the noninvasive vascular function test, PWV >18 m/s represents a
risk of cardiovascular events based on the results of the Hisayama Study [2]. A baPWV level
of 14 m/s corresponds to moderate risk of cardiovascular events based on the Framingham
risk score [3], as well as an increased risk of hypertension onset [4]. Therefore, lifestyle
amelioration is recommended in patients with baPWV >14 m/s.

The cardio-ankle vascular index (CAVI) is consistent with stiffness parameter 3 and is an
index that evaluates artery stiffness theoretically not affected by blood pressure [5]. No
reference value is currently available for CAVIin the Japanese guidelines, although a reference
value has been established for baPWV.

The aim of this study was to compare CAVI and baPWV measured in the same individuals
in a large-scale clinical study, and to assess the CAVI cutoff values corresponding to baPWV
14 and 18 m/s.

Methods

Subjects

This study was performed as part of the Coupling Registry, a cardiovascular prognostic coupling
study in Japan. The protocol of the Coupling Registry has been registered at the University Hospital
Medical Information Network Clinical Trials Registry website under the trial number UMIN000018474.
Briefly, the Coupling Registry is a prospective observational evaluation of CAVI values predictive for
cardiovascular events in Japanese outpatients with any of the following cardiovascular risk factors at the
clinic or hospital: diabetes, glucose tolerance disorder, dyslipidemia, high-normal normotension or grade
[-1IT hypertension (>130/85 mm Hg), current smoking, renal disease (eGFR <60 or positive proteinuria),
past history of cardiovascular disease (coronary artery disease, cerebrovascular disorder or non-cardio-
genic cerebrovascular disorder, aortic dissection, peripheral artery disease, history of hospitalization by
heart failure), atrial fibrillation, metabolic syndrome, chronic obstructive pulmonary disease, and sleep
apnea syndrome.

The Coupling Registry is a nationwide multicenter prospective cohort study with a follow-up period of
7 years. All subjects underwent CAVI, and baPWV measurement was conducted as a substudy.

The ethics committee of the internal review board of the Jichi Medical University School of Medicine
approved the protocol. The study protocol was registered on the clinical trials registration site, the University
Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR), under registration number
UMIN000018474. Written informed consent was obtained from all patients enrolled in this study.

Measurement of CAVI and baPWV

We measured CAVIin 4,545 patients. CAVI was measured automatically using a VaSera VS-1000 device
(Fukuda Denshi, Tokyo) with the patient in the recumbent position. The CAVI value was calculated as the
average of the right and left CAVI values. We defined patients with CAVI <8.303 as low-risk patients, and
patients with CAVI >9.059 as high-risk patients according to the regression line between baPWV and CAVL

The baPWV was measured in 1,737 patients of these 4,545 subjects on the same day and under the same
conditions as CAVI measurement. baPWV was measured using the volume plethysmographic method with
previously validated equipment (form PWV/ABI; Omron Healthcare Co., Ltd.). We used the mean of the right
and left baPWV values for the analysis.

Statistical Analysis

Data are shown as the mean * SD or as a percentage. The association between CAVI and baPWV was
assessed using Spearman’s correlation coefficient. Computer software (SPSS version 20.0; SPSS Inc., Chicago,
IL, USA) was used for the analyses. A probability value <0.05 was considered statistically significant.
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Fig. 1. a The association between cardio-ankle vascular index (CAVI) and brachial-ankle pulse wave velocity

(baPWV). b Conversion table from baPWV to CAVI. ¢ Conversion table from CAVI to baPWV.

Table 1. Patient characteristics
(n =4,545)

Results

Patient characteristics are shown in Table 1. Average age was 69.2 + 11.2 years, and
percentage of males was 53%. The median of CAVI was 8.85 and that of baPWV was 16.15

m/s.

Age, years 69.2+x11.2

Male, % 53

Diabetes, % 35
Hyperlipidemia, % 58
Hypertension, % 83

Smoking, % 10

Median CAVI (interquartile, 25-75%) 8.85 (7.98-9.65)

Median baPWV (interquartile, 25-75%)

(n=1,737) 1,615 (1,417-1,857)

CAVI, cardio-ankle vascular index; baPWV, brachial-ankle pulse

wave velocity.

Association between CAVI and baPWV

The association between CAVI and baPWYV is shown in Figure 1a. The association was
positive and significant (n = 1,737, r= 0.50, p < 0.001), but there were many cases with diver-

gence between CAVI and baPWV.
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Fig. 2. a The distribution of cardio-ankle vascular index (CAVI). b The distribution of brachial-ankle pulse
wave velocity (baPWV).

The CAVI corresponding to baPWV 14 m/s derived from the regression line was 8.303
and the CAVI corresponding to baPWV 18 m/s was 9.059. The conversion tables from baPWV
to CAVI and from baPWV to CAVI are shown in Figure 1b and c.

Assessment of the Cutoff Level in CAVI

The percentages of patients with low risk (CAVI <8.303), medium risk (CAVI 8.303-
9.058), and high risk (CAVI >9.059) were 35.0, 23.0, and 42.0% in 4,545 patients who
underwent CAV], respectively. The association between age and CAVI is shown in Figure 2a
(n = 4,545). Aging is linearly associated with an increase in CAVI. The average of CAVI in the
group aged 60-69 was higher than 8.303, and the average of CAVI in the group aged 80-89
was >9.059, which was classified as a high risk for cardiovascular events (Fig. 2a).

The percentages of patients with baPWV <14 m/s, baPWV 14-18 m/s, and baPWV >18
m/s were 22.9, 47.3, and 29.8% in 1,737 patients who underwent both baPWV and CAVI,
respectively. Aging was also linearly associated with an increase in baPWV; the average
baPWV in the group aged 50-59 was more than 14 m/s, and that in the group aged 80-89 was
more than 18 m/s (Fig. 2b).

The average baPWYV in low-risk patients (CAVI <8.303, n = 642) was 14.97 + 2.91 m/s,
that in medium-risk patients (CAVI 8.303-9.058, n = 408) was 16.12 + 2.80 m/s, and that in
high-risk patients (CAVI 29.059, n = 687) was 18.40 + 3.51 m/s.
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Discussion

The main findings of this study were as follows: (1) the association between CAVI and
baPWV was positive and significant, but many of the cases showed divergence between CAVI
and baPWV; (2) the CAVI corresponding to baPWV 14 m/s derived from the regression line
was 8.303 and the CAVI corresponding to baPWV 18 m/s was 9.059.

In this study, CAVI was strongly associated with baPWV. To the best of our knowledge,
this is the first large clinical study to investigate the CAVI reference value in comparison with
baPWV. Gomez-Sanchez et al. [6] investigated the association between adiposity measures
using a CAVI with baPWV in Caucasian adults (n = 2,354) with intermediate cardiovascular
risk. The average of CAVI was 8.8 and the average of baPWV was 14.9, but subjects in the
study were European, and the association between CAVI and baPWV was not investigated.
Kusunose et al. [7] investigated CAVI values in 114 patients who had atleast 2 cardiovascular
risk factors. The mean baPWV value was 16.9 m/s, the mean CAVI value was 8.5, and PWV
and CAVI were correlated (r = 0.69, p < 0.001). However, the study had only a small number
of subjects with very high risk, and the authors did not indicate the CAVI reference value.
Therefore, CAVI must have been affected by other associated factors in our patients. Indeed,
since many of our cases exhibited divergence between CAVI and baPWYV, studies of the
complementary roles of CAVI and baPWV will be needed.

The CAVI corresponding to baPWV 14 m/s derived from the regression line was 8.303.
Thus, a CAVI value of 8.303 is considered to be an appropriate cutoff value separating low and
medium risk. The CAVI corresponding to baPWV 18 m/s was 9.059. Saji et al. [8] compared
arteriosclerotic indicators in patients with ischemic stroke. The cutoff values of baPWV and
CAVI for detection of arteriosclerotic ischemic stroke were 18.3 m/s and 9.5. These levels
seemed to be too high for the cutoff level of CAVI. Chung et al. [9] showed that patients with
CAVI >9.0 had a greater incidence of cardiovascular events than those with CAVI <9.0 (HR
1.18, p = 0.049) in diabetes patients, and Sato et al. [10] showed that higher CAVI (CAVI
>10.09) had greater cardiovascular events in metabolic syndrome patients. Kubota etal. [11]
showed that high CAVI (CAVI >10) posed a higher risk of cardiovascular disease events than
low CAVI (CAVI <9) did, and thus further discussion about appropriate cutoff values for
discriminating low and medium risk will be needed. The average baPWV in patients with
CAVI 29.059 was more than 18 m/s, and thus we considered that CAVI 9.059 is acceptable
for use in the screening of high-risk patients.

This study was a cross-sectional study, and the subjects were at high cardiovascular risk.
To determine appropriate CAVI values for patient groups with different characteristics, it will
be necessary to perform prospective studies of healthy subjects.

Conclusion
CAVI <8.303 corresponded to a baPWV cutoff of 14 m/s, and CAVI 29.059 corresponded

to a baPWV cutoff of 18 m/s. The results of our ongoing prospective study are expected to
confirm the association between the CAVI reference value and cardiovascular events.
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