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Abstract
The value of the cardio-ankle vascular index (CAVI) increases with age. All large-scale 
studies of the CAVI have investigated patients <80 years old. Thus, the clinical char-
acteristics of high CAVI in patients aged 80 or more remain unclear. Therefore, we in-
vestigated (1) the CAVI in very elderly patients and (2) the determinants of a high CAVI 
in high-risk patients, including very elderly patients. The Cardiovascular Prognostic 
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1  | INTRODUC TION

Arterial stiffness measurement is a common method of assessing 
atherosclerosis.1,2 Pulse wave velocity (PWV) is widely used as a 
measurement of arterial stiffness.3,4 However, the value of PWV is 
strongly affected by blood pressure (BP).5 The cardio-ankle vascular 
index (CAVI), which is consistent with stiffness parameter β, is an 
index of artery stiffness not affected by BP.6

The CAVI value has been shown to predict prognosis in patients 
with coronary artery disease, diabetes, and metabolic syndrome.7-9 
The CAVI value has also been associated with coronary artery disease 
and carotid arteriosclerosis.10-13 Therefore, CAVI measurement is an 
important screen to identify patients at high risk for cardiovascular (CV) 
diseases. In recent years, CAVI reference values have been included in 
the Japanese guidelines for the diagnosis of vascular failure.14

The CAVI values increase with age, and the CAVI values in males 
are high than those in females.6,15,16 People worldwide are living lon-
ger. By 2050, the world's population aged 60 years and older is ex-
pected to total 2 billion, and 125 million people are aged 80 years or 
older today.17 Because the patients enrolled in past studies of CAVI 
were aged less than 80  years, the clinical characteristics of high 
CAVI in patients aged 80 or more remain unclear.

The aim of this study was to examine predictors of CAVI in very 
elderly patients with CV risk factors.

2  | METHODS

2.1 | Subjects

The protocol of the Coupling Registry has been registered at the 
University Hospital Medical Information Network Clinical Trials 

Registry Web site under the trial number UMIN000018474.18 
Briefly, the Coupling Registry is a nationwide multicenter prospec-
tive cohort study to determine CAVI values predictive of cardiovas-
cular events in Japanese patients aged ≥30  years with any of the 
following cardiovascular risk factors at the clinic or hospital: diabe-
tes, glucose tolerance disorder, dyslipidemia, high-normal normoten-
sion or grade I-III hypertension (>130/85 mm Hg), current smoking, 
renal disease (estimated glomerular filtration rate ≤60 or positive 
proteinuria), medical history of cardiovascular disease (coronary 
artery disease, cerebrovascular disorder or non-cardiogenic cer-
ebrovascular disorder, aortic dissection, peripheral artery disease, 
history of hospitalization by heart failure), atrial fibrillation, meta-
bolic syndrome, chronic obstructive pulmonary disease, and sleep 
apnea syndrome. Patients with any of the following were excluded: 
chronic renal failure requiring hemodialysis; other serious illnesses 
(eg, end-stage cancer, active connective tissue disease); alcohol or 
drug addiction; inability to attend hospital visits or provide informed 
consent; or other factors rendering them inappropriate as judged by 
the study physician.18 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 tri-
als 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.

2.2 | Measurement of CAVI

We measured CAVI in 5,109 patients. CAVI was measured using a 
VaSera VS-1000 device (Fukuda Denshi, Tokyo) with the patient in 
the recumbent position and calculated automatically using a VaSera 
VS-Series Vascular Screening System (Fukuda Denshi). Measurement 

Coupling Study in Japan (Coupling Registry) is a prospective observational study of 
Japanese outpatients with any cardiovascular risk factors. We enrolled 5109 patients 
from 30 institutions (average age 68.7 ± 11.4 years, 52.4% males). We investigated the 
determinants of the CAVI by separating the patients into three groups: 970 middle-
aged (<60 years), 3252 elderly (60-79 years), and 887 very elderly (≥80 years) patients. 
The CAVI values of the males were significantly higher those of the females in all 
age groups (<60 years: 7.81 ± 1.11 vs. 7.38 ± 0.99, P < .001; 60-79 years: 9.20 ± 1.29 
vs. 8.66 ± 1.07, P < .001; ≥80 years: 10.26 ± 1.39 vs. 9.51 ± 1.12, P < .001). In all age 
groups, the CAVI of the patients with diabetes/glucose tolerance disorder was higher 
than that of the patients without diabetes/glucose tolerance disorder (<60  years: 
7.82 ± 1.22 vs 7.58 ± 1.03, P = .002; 60-79 years: 9.23 ± 1.20 vs 8.78 ± 1.19, P < .001; 
≥80 years: 10.04 ± 1.24 vs 9.75 ± 1.32, P = .002). The determinants of the CAVI in 
these very elderly patients were age, male sex, low BMI, and mean blood pressure. 
Diabetes/glucose tolerance disorder and glucose were independently associated 
with the CAVI in the patients aged <60 years and 60-79 years, but not in those aged 
≥80 years after adjusting for other covariates.



1210  |     KABUTOYA et al.

of CAVI requires placement of electrocardiogram electrodes on both 
wrists and a microphone for phonocardiography on the sternum 
in the second intercostal space. In addition, a BP cuff is wrapped 
around the four extremities. In this manner, the upper arm and ankle 
pulse waves, as well as BP, can all be measured using plethysmogra-
phy. The CAVI value was calculated as the average of the right and 
left CAVI values.

2.3 | Measurement of blood pressure

Clinic BP was measured after at least 5 minutes of rest as the av-
erage of two serial measurements 19 taken by physicians or nurses 
using the same validated methods used in their clinical practice. We 
obtained systolic and diastolic BP, and pulse pressure was calculated 
as systolic BP—diastolic BP.

2.4 | Age subgroups and body mass index 
classification

We classified patients into 3 groups by age: <60  years old, 
60-79 years old, and ≥80 years old. We further classified the patients 
into 4 groups by body mass index (BMI): underweight (BMI < 18.5), 
normal weight (BMI 18.5-24.9), overweight (BMI 25-29.9), and obese 
(BMI ≥ 30).

2.5 | Statistical analysis

Data are shown as the mean ± SD or a percentage. Unpaired t tests 
were used for the normally distributed data and comparisons be-
tween two groups, and an analysis of variance was used for compari-
sons of more than two groups. Intergroup differences were tested by 
the Bonferroni test. Multiple linear regression analysis to assess the 
independent determinants of CAVI was adjusted for the covariates 
having P values <.1 in univariate analysis: age, sex, BMI, diabetes/
glucose tolerance disorder, dyslipidemia, high-normal normotension 
or grade I–III hypertension, smoking status, statin use, antihyperten-
sive medication use, heart rate, mean BP, LDL and HDL cholesterol, 
and glucose. Assessment of the intergroup differences in CAVI and 
multiple linear regression analysis were conducted for the three age 
groups defined above. SPSS version 25.0 software (IBM, Armonk, 
NY) was used for the statistical analysis. A probability value <.05 was 
considered statistically significant.

3  | RESULTS

The average age of patients in the Coupling Study was 
68.7 ± 11.4 years, and the percentage of men was 52.4%. Baseline 
characteristics for each age group are shown in Table 1.

The CAVI values for the males, females, and overall patients 
in each age group are shown in Figure  1. The CAVI values of the 
males were significantly higher those of the females in all age 
groups (<60 years: 7.81 ± 1.11 vs. 7.38 ± 0.99, P < .001; 60-79 years: 
9.20  ±  1.29 vs 8.66  ±  1.07, P  <  .001; ≥80  years: 10.26  ±  1.39 vs 
9.51 ± 1.12, P <  .001). The CAVI values were inversely associated 
with BMI, gradually decreasing between the underweight and nor-
mal weight, the normal weight and overweight, and the overweight 
and obesity groups for all three age groups (Figure 2A, B, and C).

Figure 3 shows the relationship between the presence of comor-
bidities and CAVI. In all age groups, the CAVI of the patients with dia-
betes/glucose tolerance disorder was higher than that of the patients 
without diabetes/glucose tolerance disorder (<60 years: 7.82 ± 1.22 
vs 7.58 ± 1.03, P =  .002; 60-79 years: 9.23 ± 1.20 vs 8.78 ± 1.19, 
P < .001; ≥80 years: 10.04 ± 1.24 vs 9.75 ± 1.32, P = .002; Figure 3A). 
The CAVI of patients with dyslipidemia and those without dyslip-
idemia was similar in the patients aged < 60 years and ≥ 80 years 
(<60 years: 7.69 ± 1.10 vs 7.59 ± 1.08, P = .153; ≥80 years: 9.76 ± 1.27 
vs 9.93 ± 1.33, P =  .052; Figure 3B), and the CAVI of the patients 
with dyslipidemia was slightly lower than that of the patients with-
out dyslipidemia in the patients aged 60-79  years (8.90  ±  1.20 vs 
8.99 ± 1.24, P = .048; Figure 3B). The CAVI of patients with high-nor-
mal normotension or grade I-III hypertension and without high-nor-
mal normotension or grade I-III hypertension were similar in all age 
groups (<60 years: 7.67 ± 1.09 vs 7.56 ± 1.07, P = .199; 60-79 years: 
8.92  ±  1.19 vs 9.01  ±  1.35, P  =  .145; ≥80  years: 9.81  ±  1.29 vs 
10.11 ± 1.44, P = .055; Figure 3C). The CAVI of patients with a cur-
rent smoking habit was higher than that of patients without a current 
smoking habit in the patients aged < 60 years and in the patients 
aged 60-79 years (<60 years: 7.94 ± 1.18 vs 7.58 ± 1.06, P <  .001; 
60-79 years: 9.24 ± 1.35 vs.8.91 ± 1.20, P < .001; Figure 3D).

In overall group, age, sex, low BMI, and mean BP were indepen-
dent determinants of high CAVI by multivariate analysis (Table  2). 
Diabetes/glucose tolerance disorder and glucose were significant 
determinants of high CAVI in patients aged  <  60  years (diabetes/
glucose tolerance disorder: β  =  0.09, P  =  .017; glucose: β  =  0.08, 
P = .039) and patients aged 60-79 years (diabetes/glucose tolerance 
disorder: β = 0.16, P < .001; glucose: β = 0.08, P < .001), but not in 
patients aged 80 years or more.

We also performed an analysis with patients divided into two 
groups using age 75 as a cutoff. The CAVI of the patients with di-
abetes/glucose tolerance disorder was higher than that of the 
patients without diabetes/glucose tolerance disorder both in pa-
tients < 75 years and in those ≥ 75 years (<75 years: 8.83 ± 1.32 vs 
8.34 ± 1.23, P < .001; ≥75 years: 9.80 ± 1.24 vs 9.46 ± 1.31, P < .001). 
The CAVI of patients with a current smoking habit was significantly 
higher than that of patients without a current smoking habit in the 
patients in  <  75  years (8.69  ±  1.43 vs 8.47  ±  1.26, P  =  .001), but 
the difference was not significant in those ≥75  years (9.87  ±  1.43 
vs 9.56  ±  1.29, P  =  .073). After adjusting for covariates, diabetes/
glucose tolerance disorder was associated with CAVI in both groups 
(<75 years: β = 0.13, P < .001; ≥75 years: β = 0.12, P < .001), and mean 
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BP was also associated with CAVI in both groups (<75 years: β = 0.12, 
P < .001; ≥75 years: β = 0.10, P < .001).

4  | DISCUSSION

In the present analysis, CAVI increased according to age even in 
the very elderly patients, and the CAVI of males was higher than 
that of females in the very elderly. The determinants of the CAVI 
in these very elderly patients were age, male sex, low BMI, and 
mean BP. Diabetes/glucose tolerance disorder and glucose were 

independently associated with the CAVI in the patients aged 
<60 years and 60-79 years, but not in those aged ≥80 years.

Shirai et al reported the CAVI values in 3,259 male and 3,534 fe-
male healthy individuals without CV risk factors who were receiving 
an annual health check.6 The rate of increase in CAVI was nearly 0.5 
per 10 years in men and women, and the CAVI of males was higher 
than that of females in almost all age groups by 0.2. Wholfahrt 
et al evaluated CAVI in 1,347 patients aged 25-65 years (the average 
age was 44.7 ± 10.7 years) who were free from cardiovascular dis-
ease, non-diabetic, and untreated by antihypertensive or lipid-low-
ering drugs. The CAVI of males was significantly higher than that of 

TA B L E  1   Patient characteristics

Age < 60
(N = 970)

Age 60-79 
(N = 3252) Age ≥ 80 (N = 887) P

Age, y 51.0 ± 6.6 69.8 ± 5.4 84.2 ± 3.5 <.001

Men, % 61.4 51.9 44.0 <.001

Body mass index, kg/m2 26.5 ± 4.8 24.4 ± 3.6 23.7 ± 3.6 <.001

Diabetes, glucose 
tolerance disorder, %

27.3 34.4 30.2 <.001

Dyslipidemia, % 51.4 59.7 53.9 <.001

High-normal 
normotension and grade 
I-III hypertension, %

78.6 83.0 91.0 <.001

Current smoker, % 17.0 8.4 3.2 <.001

Renal disease, % 7.0 19.0 37.6 <.001

Past history of 
cardiovascular disease, %

17.0 24.1 29.2 <.001

Atrial fibrillation, % 5.1 9.4 13.3 <.001

Metabolic syndrome, % 12.9 10.5 7.9 .002

Chronic obstructive 
pulmonary disease, %

0.9 1.7 3.3 .001

Sleep apnea syndrome, % 9.6 4.2 1.6 <.001

Cardio-ankle vascular 
index

7.6 ± 1.1 8.9 ± 1.2 9.8 ± 1.3 <.001

Systolic blood pressure 
(mm Hg)

131.7 ± 15.3 133.3 ± 16.2 136.0 ± 18.9 <.001

Diastolic blood pressure 
(mm Hg)

82.3 ± 10.5 76.4 ± 9.9 72.3 ± 10.8 <.001

Mean pressure (mm Hg) 98.8 ± 11.3 95.4 ± 10.7 93.6 ± 11.9 <.001

Pulse rate (bpm) 
(N = 5055)

74.0 ± 12.2 71.5 ± 12.1 74.2 ± 13.6 <.001

Total cholesterol 
(N = 4644)

199.2 ± 36.5 189.7 ± 32.9 180.2 ± 31.6 <.001

LDL cholesterol (N = 3696) 115.4 ± 31.5 106.6 ± 27.5 97.6 ± 26.7 <.001

HDL cholesterol 
(N = 4541)

56.8 ± 16.0 58.8 ± 16.4 56.5 ± 15.6 <.001

Triglyceride (N = 4972) 148.6 ± 103.0 123.8 ± 73.6 113.3 ± 55.2 <.001

Glucose (N = 4923) 111.2 ± 28.5 112.6 ± 32.1 110.4 ± 32.9 .141

HbA1c (N = 4650) 6.1 ± 0.9 6.2 ± 0.8 6.1 ± 0.7 <.001

Uric acid (N = 4935) 5.9 ± 1.4 5.5 ± 1.9 5.4 ± 1.4 <.001

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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females (7.4 ± 1.1 vs 7.1 ± 1.0, P < .0001).15 In each age group, the 
CAVI of males was significantly higher than that of females, and the 
association between CAVI and age was linear.15 Tabara et al evalu-
ated CAVI in 9,501 community residents from 30 to 74 years of age, 
living independently without physical impairment or dysfunction 
(53.1 ± 13.3 years).16 The average CAVI values were 7.79 ± 1.13 in 
males and 7.19 ± 1.02 in females, and CAVI was significantly higher 

in men in all age subgroups.16 However, patients who were aged 
80 years or more were not included in those studies. Our present 
finding of an age-associated increase in CAVI was concordant with 
the results of these earlier studies.

In this study, BMI was significantly inversely associated with CAVI. 
This finding is also concordant with past reports.16,20-22 BaPWV has 
also been inversely associated with CAVI.21 CAVI is calculated using 

F I G U R E  1   CAVI by age group and sex. A, Overall, B, male, and C, female. CAVI: cardio-ankle vascular index CAVI

F I G U R E  2   BMI and CAVI by age group. A, Age <60 y, B, age 60-79 y, C, age ≥80 y. BMI: body mass index; CAVI: cardio-ankle vascular 
index CAVI
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the square of PWV, and PWV is depended the length from the origin 
of the aorta to the ankle.23 Body mass index is calculated as body 
weight/height, and thus, BMI might have an inverse effect on CAVI 
because body length is included in the formula of CAVI. However, 
not all studies have found a negative association between baPWV 
and BMI.22 The formula for CAVI also included blood density, which 
is dependent on hematocrit and protein. Therefore, we cannot ex-
plain why an inverse association was observed between CAVI and 
BMI in this study. We may have underestimated arteriosclerosis by 
using CAVI in obese patients.

Diabetes/glucose tolerance disorder and glucose were indepen-
dent determinants of CAVI in patients < 60 years and 60-79 years 
old. The CAVI of diabetic patients was higher by 0.5 than that of 
non-diabetic patients in patients 60-79 years old in this study, and 
a 0.5 increase in CAVI corresponds to 10  years of age.6 Although 
the CAVI of diabetic patients was higher than that of non-diabetic 
patients in past reports,24,25 these reports did not include very el-
derly patients. In this study, the CAVI of diabetic patients was higher 
than that of non-diabetic patients even in the very elderly, but dia-
betes/glucose tolerance disorder was not an independent determi-
nant of CAVI after adjusting for covariates. Lind et al showed that 
the impact of traditional cardiovascular risk factors including glu-
cose generally declined with aging in a study with a longitudinal de-
sign.26 Advancing age per se might obscure the effect of diabetes on 
CAVI. Thus, the effects of glucose might differ according to age. The 
American Diabetes Association recommends avoiding hypoglycemia 
and excessive treatment in elderly patients with diabetes, aiming for 

an easier or simplified treatment plan in this age group.27 We need to 
carefully decide strategies for diabetes in the elderly.

Mean BP was associated with CAVI even in patients aged 
80  years or more. Wen et al investigated 4,659 healthy persons 
ranging in age from 20 to 75  years and revealed that systolic BP 
was independently associated with CAVI after 45  years of age.28 
However, the relationship between BP and CAVI in elderly remains 
unclear. Trials such as the Hypertension in the Very Elderly Trial 29 
and SPRINT study 30 showed the benefits of lowering BP even in the 
elderly. CAVI is not only associated with atherosclerosis,10-13 but also 
predicts future cognitive dysfunction.31 To prevent CV events and 
promote maintenance of a healthy lifestyle, the evaluation of CAVI 
and modification of BP might be useful in the elderly.

The main limitation of the present study was that enrolled pa-
tients were limited to Japanese patients with cardiovascular risk. For 
this reason, the results of this study cannot be applied to the gen-
eral population. In this study, diabetes/glucose tolerance disorder 
and glucose were not independently associated with the CAVI in 
those aged ≥80 years after adjusting for other covariates. This finding 
may have been due to the small number of patients aged ≥80 years. 
Overcorrection may have led to a lack of association between diabe-
tes/glucose tolerance, glucose, and CAVI in patients aged ≥80 years. 
Whether the applicability of CAVI varies with age, including in elderly 
patients, remains unclear. Further prospective studies are needed to 
examine this issue, and we are currently conducting Coupling Study 
with a 7-year follow-up to evaluate the relationship between CAVI 
and CV events, including in the elderly.

F I G U R E  3   Association of basic parameters by age group. A, Diabetes/glucose tolerance disorder, DM: Diabetes/glucose tolerance 
disorder. B, Dyslipidemia, DLP: Dyslipidemia. C, High-normal normotension and grade I-III hypertension, HT: High-normal normotension and 
grade I-III Hypertension. and D, smoking
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5  | CONCLUSIONS

The determinants of the CAVI in very elderly patients were age, 
male sex, low BMI, and mean BP. Diabetes and glucose were inde-
pendently associated with the CAVI in the patients aged <60 years 
and 60-79 years, but not in those aged ≥80 years after adjusting for 
other covariates.
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Diabetes, glucose 
tolerance disorder

0.09 0.007 0.09 .017 0.19 <.001 0.16 <.001 0.12 <.001 0.06 .103

Dyslipidemia 0.05 0.157 −0.03 .066 −0.03 .111 −0.06 .059 0.01 .860

High-normal 
normotension and 
grade I-III hypertension

0.04 0.188 −0.01 .423 −0.07 .031 −0.05 .106

Smoking 0.12 <0.001 0.05 .136 0.07 <.001 0.03 .139 0.03 .305

Statin 0.06 0.074 0.01 .768 −0.02 .215 −0.06 .059 0.00 1.000

Antihypertensive 
medication

0.09 0.007 0.01 .855 −0.01 .635 −0.01 .788

Mean blood pressure 0.06 0.078 0.13 <.001 0.08 <.001 0.10 <.001 0.11 .001 0.15 <.001

Heart rate −0.03 0.394 0.07 <.001 0.10 <.001 0.04 .225

LDL cholesterol −0.19 <0.001 −0.08 .018 −0.05 .023 0.00 .880 0.03 .414

HDL cholesterol 0.03 0.441 −0.08 <.001 −0.04 .061 −0.01 .750

Glucose 0.14 <0.001 0.08 .039 0.20 <.001 0.08 <.001 0.11 .002 0.06 .141

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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