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Cardio‑ankle vascular index is more 
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Abstract 

Background:  This study aimed to compare the usefulness of arterial stiffness parameters, cardio-ankle vascular index 
(CAVI) and brachial-ankle pulse wave velocity (baPWV), for evaluating arterial damage and risk of cardiovascular dis-
ease (CVD) in subjects with diabetes.

Methods:  The study subjects were 277 patients with type 1 or type 2 diabetes. All subjects were evaluated for vas-
cular stiffness using CAVI (n = 154) or baPWV (n = 123). Carotid intima-media thickness (IMT) and the Suita score were 
also measured because these are established risk factors for future CVD. Associations of both CAVI and baPWV with 
these established parameters were evaluated in all subjects, and then in 174 subjects with adjustment for covariates 
by using propensity score matching.

Results:  In all subjects, CAVI and baPWV correlated significantly with both IMT (r = 0.462, P < 0.001, and r = 0.212, 
P = 0.019, respectively) and the Suita score (r = 0.573, P < 0.001, and r = 0.373, P < 0.001, respectively). The correlation 
between CAVI and IMT was more significant than that between baPWV and IMT (Z = 2.33, P = 0.020). Similarly, the 
correlation between CAVI and the Suita score was more significant than that between baPWV and the Suita score 
(Z = 2.13, P = 0.033). After adjustment by propensity score matching, significant correlations between CAVI and IMT 
(r = 0.432 P < 0.001) and between CAVI and the Suita score (r = 0.544, P < 0.001) were preserved, though only the 
association between baPWV and the Suita score was significant (r = 0.289, P = 0.007) while that between baPWV and 
IMT showed no significance. Again, CAVI showed a significant association with the Suita score than baPWV (Z = 2.02, 
P = 0.043).

Conclusions:  CAVI is more closely associated than baPWV with arterial damage and risk of CVD in patients with 
diabetes.
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Backgrounds
Subjects with dyslipidemia, hypertension and diabe-
tes mellitus, who smoke, have a high risk of developing 
cardiovascular disease (CVD) [1]. Furthermore, CVD 
risk factor clusters reportedly raised CVD risk in a gen-
eral population cohort [2]. Therefore, evaluating the risk 
of developing CVD is important for improving CVD 
mortality in patients with diabetes who have CVD risk 
factors. Among many tools for CVD risk assessment, 
brachial-ankle pulse wave velocity (baPWV) [3] and 
cardio-ankle vascular index (CAVI) [4] are useful and 
noninvasive. Both baPWV and CAVI evaluate vascular 
stiffness, which is recognized as a surrogate marker pre-
dicting CVD risk [5–8]. It is still debated whether either 
CAVI or baPWV is useful for evaluating atherosclerosis 
and CVD risk [9–11]. In Japan, CAVI and baPWV meas-
urements are widely performed and used for evaluating 
arterial stiffness because these variables can be measured 
easily. Since most of physicians in Japan recognize that 
there is little difference in significance between CAVI 
and baPWV as evaluation variable of vascular stiffness, 
hospitals or clinics choose either equipment of CAVI or 
baPWV measurement in daily practice. In our knowl-
edge, it has not been shown whether CAVI or baPWV 
measurement is a better tool for detecting arterial dam-
age in patients with diabetes.

Thus, we aimed to compare usefulness for cardio-
vascular risk assessment between baPWV and CAVI 
in patients with diabetes. We selected carotid intima-
media thickness (IMT) and the Suita score for evaluating 
the arterial damage and the risk of CVD development, 
respectively. Carotid IMT reflects arterial damage that is 
induced by accumulation of past exposure to CVD risk 
factors [12] and widely recognized as a surrogate marker 
for the risk of CVD in the future [13, 14]. Additionally, 
the Suita score provides suitable risk factor categories 
for predicting the ten-year probability of coronary heart 
disease (CHD), and is more accurate for predicting CHD 
risk than the Framingham risk score in the Japanese pop-
ulation [15].

Methods
Study subjects
Two hundred seventy-seven patients with type 1 or type 
2 diabetes (173 men and 104 women including 9 type 1 
diabetes patients, average age 64.8 ± 11.5  years) were 
recruited as study subjects. All subjects were ambula-
tory and were followed at the Department of Neurology, 

Hematology, Metabolism, Endocrinology and Diabetol-
ogy, Yamagata University Faculty of Medicine and Divi-
sion of Diabetes and Metabolic Diseases, Department of 
Internal Medicine, Nihon University School of Medicine. 
Patients with atrial fibrillation, peripheral arterial disease, 
malignant diseases, collagen diseases, acute and chronic 
inflammatory diseases, and/or receiving steroid hormone 
therapy or other immunosuppressants, were excluded 
from this study.

Characteristics of study subjects
We determined clinical characteristics including sex, age, 
body mass index (BMI), smoking habit, systolic and dias-
tolic blood pressures, anti-hypertensive drug use, statin 
use, and biochemical variables in all subjects. Biochemi-
cal variables, including lipid metabolic parameters, uric 
acid and HbA1c were measured after an overnight fast. 
Low-density lipoprotein (LDL) cholesterol, high-density 
lipoprotein (HDL) cholesterol, triglycerides, uric acid, 
creatinine and HbA1c were measured using an automatic 
analyzer. The estimated glomerular filtration rate (eGFR) 
served as an indicator of renal function. eGFR was esti-
mated by the following formula:  eGFR (mL/min/1.73 
m2) = 194 × Serum creatinine−1.094 × Age−0.287 × 0.739 
(if female) [16]. Blood pressure was measured with the 
patient in a sitting position at the hospital in the morning.

Examination of atherosclerosis and cardiovascular risk
Carotid IMT, CAVI and baPWV were measured as vari-
ables associated with atherosclerosis. Carotid IMT was 
established as a suitable surrogate marker for the risk of 
future CVD development [13, 14]. A total of six segments 
of the near and far walls in the common carotid artery, 
at the bifurcation, and in the internal carotid artery on 
the right and left were measured with B‐mode imaging 
of ultrasonography, as described in a previous report 
[17]. The maximum IMT, including bilateral plaque, was 
defined as the IMT in all study subjects [17]. Previous 
studies indicated that maximum IMT reflects well to tar-
get organ damage [18] or risk of CVD in Japanese cohort 
[19]. Carotid ultrasonographic measurements were per-
formed by experienced clinician. The IMT measurements 
showed a variability of 8.0%, as previously reported [17].

CAVI [4] and baPWV [3] are indicators of arterial 
stiffness. CAVI is an index of arterial stiffness based on 
the stiffness parameter β [4], while baPWV reflects the 
stiffness from the aorta to the lower limb arteries [3]. 
CAVI [5, 6] and baPWV [7, 8] have been recommended 
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to surrogate markers for CVD. CAVI was measured 
using a Vasera VS-1000 vascular screening system 
(Fukuda Denshi, Tokyo, Japan). The maximum CAVI on 
both sides was recorded in each of the study subjects 
(n = 154) enrolled at Yamagata University Hospital and 
the maximum baPWV measurement was performed 
using a form PWV/ABI (Omron Healthcare Co., Ltd. 
Kyoto, Japan) in subjects (n = 123) enrolled at Nihon 
University Itabashi Hospital. CAVI and baPWV in this 
study were defined as the largest CAVI and baPWV 
between those of both sides.

For predicting the risk of CVD development, we used 
the Suita score. The Suita score is an established car-
diovascular risk score based on risk factor categories 
for predicting CHD in the Japanese population [15]. 
The Suita score consists of the sum of each of these four 
risk categories and indicates the ten-year probability 
of CHD [15]. The components of Suita score and pre-
diction score sheet was indicated in Additional file  2: 
Table  S1. The distribution of Suita score in subjects 
before and after adjustment by propensity score match-
ing were shown in Fig. 1.

Statistical analysis
All subjects were divided into the CAVI (n = 154) and 
baPWV groups (n = 123). Furthermore, to adjust for clin-
ical characteristics, we performed one-to-one propensity 
score matching [20]. Each patient in the CAVI group was 
paired with a patient in the baPWV group based on the 
propensity score in this one-to-one matching. Propensity 
scores were calculated using logistic regression analysis 
with the covariates of sex, age, BMI, smoking, systolic 
and diastolic blood pressure, receiving statins and antihy-
pertensive drugs, HDL cholesterol, LDL cholesterol, tri-
glyceride, uric acid, eGFR and HbA1c. Patients with the 
nearest propensity score within the caliper were paired. 
A caliper size in the range of 0.20 to 0.25 standard devia-
tion (SD) is recommended [21, 22]. This study defined a 
caliper as 0.20 SD. As a result, 87 patients were in both 
the CAVI and the baPWV group after propensity score 
matching. The Mann–Whitney U test and the chi-square 
test were performed to compare clinical characteristics 
between the CAVI and baPWV groups before or after 
adjustment by propensity score matching. Bonferroni’s 
multiple comparison test was used to compare the mean 
values of CAVI and baPWV between age groups and IMT 
between groups in combination high or low CAVI or 

Fig. 1  The distributions of Suita score in subjects before and after adjustment by propensity score matching. A subjects measured CAVI before 
adjustment by propensity score matching, B subjects measured baPWV before adjustment by propensity score matching, C subjects measured 
CAVI after adjustment by propensity score matching, D subjects measured baPWV after adjustment by propensity score matching. CAVI; 
cardio-ankle vascular index, baPWV; brachial-ankle pulse wave velocity
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baPWV groups with high or low the Suita score or eGFR 
after adjustment by propensity score matching method. 
Spearman’s correlation coefficient and univariate lin-
ear regression analysis were used to identify whether 
CAVI and the Suita score were significantly associated 
with clinical characteristics, IMT and the Suita score in 
subjects before or after adjustment by propensity score 
matching. In this univariate linear regression analysis, we 
assumed CAVI and baPWV to be dependent variables, 
and sex (men), smoking habit (current), anti-hypertensive 
drug use or statin use to be independent variables. The 
observed Z test was used to compare and analyze statis-
tical significance between correlation coefficients. The 
difference in variance between CAVI and baPWV was 
evaluated using the F-test of equality of variances. Data 
are presented as means ± SD, number (%), coefficient of 
covariation (r), Z values (z), F-value or β coefficients. A 
value of P < 0.05 was considered to indicate statistical sig-
nificance. All analyses were performed with IBM SPSS 
Statistics for Windows Version 25 J (IBM Corp., Armonk, 
NY, USA).

Results
Clinical characteristics of study subjects
The characteristics of the CAVI and baPWV groups 
before and after propensity score matching are shown 
in Table 1. Sex (P = 0.041), age (P = 0.002), systolic blood 

pressure (P = 0.007), statin use (P < 0.001), LDL choles-
terol (P = 0.020), eGFR (P < 0.001) and HbA1c (P < 0.001) 
differed significantly between the CAVI and baPWV 
groups before adjustment by propensity score matching 
(Table 1).

Associations between CAVI or baPWV and clinical 
characteristics
Mean values of CAVI and baPWV in all study subjects 
were 8.69 and 17.74  m/sec., respectively. Age showed 
significant associations between CAVI and baPWV both 
before (r = 0.653 and 0.550, respectively, P < 0.001) and 
after (r = 0.617 and 0.551, respectively, P < 0.001) adjust-
ment by propensity score matching (Table  2). Addi-
tionally, variations in baPWV in each age group or all 
subjects were significantly greater those in CAVI (Addi-
tional file  2: Table  S2). Adjustment by propensity score 
matching did not change the influence of age on CAVI 
and baPWV (data not shown).

CAVI showed significant associations with BMI 
(r = − 0.291, P < 0.001), systolic blood pressure (r = 0.325, 
P < 0.001), Triglyceride (r = − 0.227, P = 0.005) and eGFR 
(r = − 0.255, P = 0.001) before adjustment by propensity 
score matching (Table 2). After adjustment, associations 
of CAVI with BMI (r = − 0.427, P < 0.001), systolic blood 
pressure (r = 0.379, P < 0.001) and eGFR (r = − 0.293, 
P = 0.006) remained significant (Table 2).

Table 1  Clinical characteristics of study subjects

Mean ± SD, n (%)
* P < 0.05, **P < 0.01 vs CAVI group by Mann–Whitney U test; #P < 0.05 vs CAVI group by Chi-squire test

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin

Clinical characteristics Before adjustment by propensity score matching After adjustment by propensity score 
matching

CAVI group baPWV group CAVI group baPWV 
group

(n = 154) (n = 123) (n = 87) (n = 87)

Sex (men) 88 (57.1) 85 (69.1)# 52 (59.8) 53 (60.9)

Age (years) 62.9 ± 12.3 67.0 ± 10.0" 65.1 ± 12.3 67.0 ± 10.9

Body mass index 24.60 ± 4.89 24.71 ± 3.85 24.59 ± 4.76 24.77 ± 3.91

Smoking habit (current) 34 (22.1) 30 (24.4) 22 (25.3) 16(18.4)

Blood pressure (nrmHg)

 Systolic 127.0 ± 16.5 133.0 ± 18.2" 130.3 ± 15.4 132.3 ± 19.1

 Diastolic 76.3 ± 10.9 77.0 ± 11.7 76.4 ± 11.2 77.1 ± 11.9

Antihypertensive drug use 93 (60.4) 84 (68.3) 59 (67.8) 56 (64.4)

Statin use 69 (44.8) 81 (65.9)** 44 (50.6) 52 (59.8)

HDL-CHOL (mmol/L) 1.42 ± 0.53 1.42 ± 0.37 1.48 ± 0.53 1.45 ± 0.41

LDL-CHOL (mmol/L) 2.77 ± 0.80 2.57 ± 0.78* 2.63 ± 0.69 2.68 ± 0.80

Triglyceride (mmol/L) 1.62 ± 1.02 1.42 ± 0.77 1.34 ± 0.74 1.41 ± 0.67

Uric acid (umol/L) 323.1 ± 90.1 316.6 ± 70.4 319.3 ± 81.6 316.3 ± 70.7

eGFR (mL/min/1.73 m2) 83.49 ± 33.21 69.82 ± 17.98** 77.08 ± 27.46 70.64 ± 19.65

HbAlc (%) 9.01 ± 2.41 7.14 ± 0.84** 7.66 ± 1.43 7.26 ± 0.89
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baPWV showed significant associations with BMI 
(r = − 0.220, P = 0.014), systolic blood pressure (r = 0.337, 
P < 0.001), triglyceride (r = − 0.177, P = 0.049) and eGFR 
(r = − 0.190, P = 0.036) before adjustment by propensity 
score matching (Table  2). After adjustment by propen-
sity score matching, the associations remained signifi-
cant for BMI (− 0.216, P = 0.045), systolic blood pressure 
(r = 0.377, P < 0.001) and triglyceride (r = − 0.218, 
P = 0.043), and LDL cholesterol was also found to show 
a significant association with baPWV (r = − 0.238, 
P = 0.026) (Table 2).

Univariate linear regression analysis indicated signifi-
cant associations between baPWV and antihyperten-
sive drug use (β = 1.547, P = 0.029) before adjustment by 
propensity score matching (Table  3). After adjustment 

by propensity sore matching, however, current smoking 
was found to show a significant correlation (β = − 1.195, 
P = 0.026), while the significant association with antihy-
pertensive drug use was unchanged (β = 1.796, P = 0.031) 
(Table 3).

Associations of CAVI and baPWV with cardiovascular risk 
factors
CAVI and baPWV showed significant correlations with 
both IMT (r = 0.462, P < 0.001, and r = 0.212, P = 0.019, 
respectively) (Fig. 2A, 2C) and the Suita score (r = 0.573, 
P < 0.001, and r = 0.373, P < 0.001, respectively) (Fig.  2B, 
2D). The correlations between CAVI and IMT and 
the Suita score were both more significant than those 
between baPWV and IMT (Z = 2.33, P = 0.020) and the 
Suita score (Z = 2.13, P = 0.033).

After adjustment by propensity score matching, the 
significant correlations of CAVI with IMT (r = 0.432, 
P < 0.001) (Fig.  3A) and the Suita score (r = 0.544, 
P < 0.001) (Fig.  3B) were unchanged. Although baPWV 
showed no significant association with IMT (Fig.  3C), 
baPWV was only significantly associated with the Suita 
score (r = 0.289, P = 0.007) (Fig.  3D). Again, CAVI 
showed a significantly stronger association with the Suita 
score than did baPWV (Z = 2.02, P = 0.043).

Predictive ability for higher value of IMT in combination 
CAVI or baPWV with the Suita score or eGFR 
after adjustment by propensity score matching
Subjects were categorized as groups with low or high 
CAVI, baPWW, Suita score or eGFR based on cutoff val-
ues (median of each variable) after adjustment by pro-
pensity score matching. The predictive ability for the 
higher value of IMT in combination CAVI or baPWV 
with the Suita score or eGFR was evaluated using these 
groups. The additive value of CAVI to the Suita score for 
predicting a higher value of IMT was improved, while 
combination of baPWV with the Suita score could not 
improve the predictive power of IMT after adjustment 

Table 2  Correlation coefficient between CAVI, baPWV and 
clinical characteristics

* P < 0.05, **P < 0.01

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated 
glomerular filtration rate; HbA1c, glycosylated hemoglobin

Clinical characteristics Before adjustment 
by propensity score 
matching

After adjustment 
by propensity score 
matching

CAVI 
group

baPWV 
group

CAVI 
group

baPWV 
group

(n = 154) (n = 123) (n = 87) (n = 87)

Age (years) 0.653** 0.550** 0.617** 0.551**

Body mass index − 0.291** − 0.220* − 0.427** − 0.216*

Blood pressure (mmHg)

 Systolic 0.325** 0.337** 0.379** 0.377**

 Diastolic 0.107 0.014 0.154 0.061

HDL-CHOL (mmol/L) 0.094 − 0.008 0.163 0.035

LDL-CHOL (mmol/L) − 0.095 − 0.131 0.0008 − 0.238*

Triglyceride (mmol/L) − 0.227** − 0.177* − 0.197 − 0.218*

Uric acid (umol/L) − 0.062 − 0.105 − 0.181 − 0.205

eGFR (mL/min/1.73 m2) − 0.255* − 0.190* − 0.293** − 0.134

HbAlc (%) − 0.143 0.029 − 0.017 0.076

Table 3  Univariate linear regression analysis predicting for association between clinical characteristics, CAVI and baPWV

*P < 0.05 

Dependent variable: CAVI or baPWV, independent variables: sex (men), smoking habit (current), antihypertensive drug use or statin use

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

Clinical characteristics Before adjustment by propensity score matching After adjustment by propensity score matching

CAVI group baPWV group CAVI group baPWV group

(n = 154) (n = 123) (n = 87) (n = 87)

Sex (men) 0.291 (− 0.173–0.756) 0.059 (− 1.363–1.480) 0.262 (− 0.353–0.876) − 0.102 (− 1.744–1.539)

Smoking habit (current) − 0.076 (− 0.372–0.220) − 0.420 (− 1.264–0.424) − 0.104 (− 0.484–0.276) − 1.195 (− 2.243−0.147)*

Antihypertensive drug use 0.408 (− 0.059–0.876) 1.547 (0.163–2.931)* 0.281 (− 0.363—0.926) 1.796 (0.168–3.423)*

Statin use 0.309 (− 0.153–0.770) 0.645 (− 0.735–2.026) − 0.207 (0.810–0.397) 0.792 (− 0.832–2.417)
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by propensity score matching. The mean IMI in subjects 
with high CAVI (≥ 9.0) and high Suita score (≥ 52) was 
significantly higher than that in subjects with low CAVI 
and low Suita score (2.60 ± 0.93  mm and 1.73 ± 0.71, 
respectively, P = 0.002) (Fig.  4A). Conversely, combina-
tion of baPWV with the Suita score could not contribute 
to improve predictive power of IMT (Fig. 4B).

Additionally, the predictive ability of IMT in com-
bination CAVI or baPWV with eGFR showed the 
same results as with the Suita score (Additional file  1: 
Supplemental Figure).

Discussion
Our results indicate both CAVI and baPWV to be sig-
nificantly associated with carotid IMT and the Suita 
score, widely used surrogate variables for assessing 
atherosclerosis and the risk of developing CVD in the 
future. Notably, CAVI was found to be more closely 
associated than baPWV with arterial damage and risk 
of CVD in patients with diabetes. The significance of 
examination about the correlation between CAVI or 
baPWV and Suita score or carotid IMT is that these 
correlations provide useful information about whether 
CAVI or baPWV is the more suitable arterial stiffness 

variable to assess the past exposure to the risk of car-
diovascular disease (CVD) or the severity of athero-
sclerosis risk. To our knowledge, this is the first study 
to demonstrate a difference in clinical significance 
between CAVI and baPWV in patients with diabetes. 
The notable point of our study is that we could indi-
cated a statistical assessment of which of CAVI and 
baPWV is superior in evaluating arterial damage and 
CVD risk in patients with diabetes. CAVI kept the sig-
nificant associations with both IMT and Suita score 
before and after adjustment by propensity score match-
ing, although baPWV only indicated significant asso-
ciations with IMT and Suita score before adjustment 
by propensity score matching. Further, we have statisti-
cally proven using observed Z test that CAVI was more 
closely correlated than baPWV with both IMT and 
Suita score before and after adjustment by propensity 
score matching. Additionally, we have indicated that 
combination CAVI with the Suita score more improve 
than baPWV in predictive value of arterial damage. 
The strength of our study is that we indicated CAVI is a 
suitable tool for evaluating arterial damage and risk of 
CVD accurately compared to baPWV in patients with 
diabetes, although CAVI and baPWV show significant 

Fig. 2  Correlations of CAVI and baPWV with IMT and the Suita score before adjustment by propensity score matching. A CAVI and IMT, B CAVI 
and Suita score, C baPWV and IMT, D baPWV and Suita score. CAVI; cardio-ankle vascular index, baPWV; brachial-ankle pulse wave velocity, IMT; 
intima-media thickness
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associations with traditional CVD risk factors. There-
fore, we concluded that CAVI is a more appropriate 
tool than baPWV to compare the risk of CVD between 
individuals with diabetes.

We can speculate as to why CAVI more closely reflects 
atherosclerosis and the risk score of CVD than baPWV 
in patients with diabetes. One possibility is that periph-
eral arterial stiffness influences CAVI and baPWV meas-
urements. CAVI reflects central arterial stiffness because 

Fig. 3  Correlations of CAVI and baPWV with IMT and the Suita score after adjustment by propensity score matching. A CAVI and IMT, B CAVI 
and Suita score, C baPWV and IMT, D: baPWV and Suita score. CAVI; cardio-ankle vascular index, baPWV; brachial-ankle pulse wave velocity, IMT; 
intima-media thickness

Fig. 4  Mean IMT of groups in combination high or low CAVI or baPWV groups with high or low the Suita score after adjustment by propensity 
score matching. A combination CAVI with the Suita score, B combination baPWV with the Suita score. CAVI; cardio-ankle vascular index, baPWV; 
brachial-ankle pulse wave velocity, IMT; intima-media thickness. **P < 0.01 vs group with low CAVI and low Suita score
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the basic formula for calculating CAVI is based on heart-
ankle PWV [4]. CAVI is more influenced by central 
arterial stiffness than baPWV because the route of the 
pulse wave in baPWV reflects the status of both central 
and peripheral arteries, including those from the aortic 
annulus to the brachium [23]. Atherosclerosis, renal and 
cardiac function are reportedly more closely associated 
with central arterial stiffness (carotid-femoral PWV) 
than baPWV [24]. Furthermore, a past study of patients 
with chest pain syndrome showed that carotid IMT had 
a somewhat more significant association with CAVI than 
with baPWV [9].

Another factor is that CAVI shows higher reproduc-
ibility than baPWV. We found variations in baPWV in 
each age group as well as in all subjects to be significantly 
larger than those in CAVI. We thus suggest that the blood 
pressure at the time of measurement may influence the 
difference in variation between CAVI and baPWV. This 
study demonstrated significant associations of systolic 
blood pressure with both CAVI and baPWV. baPWV is 
significantly influenced by antihypertensive medication 
[25] or variation of blood pressure [26], but CAVI does 
not change [25]. Further, baPWV depends on blood pres-
sure at the time of measurement [25]. In contrast, CAVI 
was reported to be significantly, but more weakly than 
baPWV, correlated with blood pressure [26]. The blood 
pressure variability in patients with diabetes is high com-
pared to that in subjects with normal glucose tolerance 
[4]. In addition, this variability increases with age [27]. 
Further, the accuracy of the path length formula also 
influences the variation in both CAVI and baPWV meas-
urements. Magnetic resonance imaging results estab-
lished that the estimated path length from the heart to 
the ankle in CAVI well reflects the true path length [28]. 
Conversely, it is proven that the estimated path length 
from the aortic annulus to the brachium in the baPWV 
measurement is shorter than the actual path length [23].

As prior studies documented, our study also indicated 
significant associations between traditional CVD risk fac-
tors and both CAVI and baPWV. Our study showed age-
related increases in CAVI and baPWV. The elevations of 
CAVI and baPWV with age have previously been docu-
mented [6, 29] because increasing aortic stiffness with 
age contributes to the observed increases in CAVI [30] 
and baPWV [31]. Interestingly, we demonstrated CAVI 
and baPWV to be inversely associated with BMI. Previ-
ous cross-sectional studies indicated CAVI and baPWV 
to correlate negatively with BMI [32, 33]. We speculate 
that BMI is calculated as body weight/height squared, 
and BMI would thus be expected to have an inverse asso-
ciation with CAVI and baPWV.

Additionally, the invert associations between baPWV 
and triglyceride, LDL cholesterol or smoking habit were 

indicated in our study. The reasons for these inverse asso-
ciations have yet to be clarified. BMI was positively asso-
ciated with triglyceride (data not shown) in our study. It 
is reasonable to speculate that the positive association 
between BMI and triglyceride in our study explains the 
significant inverse association between baPWV and tri-
glyceride. The significant positive association between 
LDL cholesterol and triglyceride (data not shown) also 
may explain the invert association between baPWV 
and LDL cholesterol. Subjects with smoking habit were 
younger, and indicated higher prevalence of the use of 
antihypertensive medication than subjects without (data 
not shown). We concluded that receiving antihyperten-
sive medication and the age in subjects with smoking 
habit may cause the invert association between baPWV 
and smoking habit.

There were several possible limitations in our study. 
First, we could not perform CAVI and baPWV meas-
urement at the same time in one population. Confirmed 
evidences are lacking as to whether CAVI or baPWV is 
more suitable for evaluating arterial damage in diabe-
tes patients, and physicians usually consider no differ-
ences between the two. In addition, hospitals or clinics 
choose either CAVI or baPWV equipment for financial 
reasons. Hence, we have no data of CAVI and baPWV 
measured in one population and used data from two 
populations. In order to minimize background dif-
ference, we have conducted the propensity matching 
method in the present study. Indeed, past study that 
compared the significances of two indices using differ-
ent cohort and propensity score matching method was 
present [34]. Additionally, the number of our study sub-
jects was relatively small to compare the significance 
using the propensity score matching method. However, 
the previous study that compared the outcome between 
video-associated thoracoscopic surgery lobectomy 
(n = 64) and stereotactic ablative radiotherapy (n = 64) 
for early-stage non-small cell lung cancer using pro-
pensity score-matched analysis and two different small 
population existed [35]. However, unadjusted con-
founding factors we did not expected in two different 
populations may affect the results of our study because 
we selected pairs of subjects using backgrounds mainly 
associated with arterial damage or CVD risk. Hence, 
comparing the two indices in different populations 
might be inappropriate. Whether CAVI is superior to 
baPWV should be confirmed in one cohort in future. 
Second, we could not evaluate the difference in correla-
tions between mean IMT and both CAVI and baPWV 
because mean IMT was measured only subjects with 
CAVI measurements. Mean IMT also showed signifi-
cant correlation with CAVI (r = 0.368, P < 0.001) before 
adjustment by propensity score matching method. 
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Mean IMT reflects organ damage [36]. It is necessary 
to examine the correlations between mean IMT and 
both CAVI and baPWV to strengthen the evidence of 
our study. Third, we could not provide the difference in 
associations between the duration of diabetes or hypo-
glycemic medication and CAVI or baPWV. We only 
have a dataset of the duration of diabetes in subjects 
receiving CAVI measurement and almost all subjects 
received several hypoglycemic medications. Subjects 
with high CAVI [37] or baPWV [38] showed a long 
duration of diabetes. CAVI showed a significant posi-
tive correlation with the duration of diabetes (r = 0.309, 
P < 0.001) before propensity score matching method. 
Past prospective studies have reported that medica-
tions of diabetes improved CAVI [39] or baPWV [40] 
independent of HbA1c. It is difficult to evaluate the 
effect of medication of diabetes on CAVI or baPWV 
in cross-sectional analysis. Fourth, we indicated our 
study results using CAVI and baPWV that are meas-
ured once only. The reproducibility and accuracy of 
our study results have to be evaluated using CAVI and 
baPWV that are measured at the different times. Fifth, 
the difference in predictive power in the risk of CVD 
development between CAVI and baPWV was not dem-
onstrated prospectively. A prospective study is needed 
to prove the evidence of our study. Finally, a strong 
match with the Suita score may not be a requirement 
for CAVI or baPWV since the Suita does not reveal the 
severity of atherosclerosis. There is a time lag between 
risks of CVD development evaluated by both IMT 
and the Suita score because IMT is an organic stiff-
ness parameter, whereas the Suita score is the sever-
ity of atherosclerosis risk. The finding that CAVI is a 
more suitable variable than baPWV to assess the high 
value of IMT is important to evaluate the superiority of 
CAVI in arterial stiffness variables to baPWV. However, 
we considered that the superiority of CAVI in associa-
tion with the Suita score provides useful information to 
assess whether CAVI or baPWV is a superior variable 
to evaluate atherosclerosis.

Conclusion
Our study demonstrated that CAVI is more closely 
associated than baPWV with arterial damage and risk 
of CVD in patients with diabetes. Thus, CAVI might be 
a more suitable tool for cardiovascular risk assessment 
than baPWV. CAVI appears to be particularly useful for 
assessing patients with diabetes who show a high risk 
for developing CVD.

Abbreviations
CAVI: Cardio-ankle vascular index; baPWV: Brachial-ankle pulse wave velocity; 
CVD: Cardiovascular disease; IMT: Intima-media thickness; CHD: Coronary 
heart disease; BMI: Body mass index; LDL: Low-density lipoprotein; HDL: High-
density lipoprotein; eGFR: Estimated glomerular filtration rate; SD: Standard 
deviation.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12872-​022-​02800-9.

Additional file 1. Supplemental figure. Mean IMT of groups in combina-
tion high or low CAVI or baPWV groups with high or low eGFR after adjust-
ment by propensity score matching. A: combination CAVI with eGFR, B: 
combination baPWV with eGFR. CAVI; cardio-ankle vascular index, baPWV; 
brachial-ankle pulse wave velocity, IMT; intima-media thickness, eGFR; 
estimated glomerular filtration rate. **P < 0.01 vs group with low CAVI and 
high eGFR.

Additional file 2. Supplemental Table S1. Prediction score sheet for 
Suita score. Supplemental Table S2. Comparison of variation in CAVI and 
baPWV in each age groups or all subjects.

Acknowledgements
Not applicable.

Author contributions
T.S. and K.W. designed the study protocol and drafted the manuscript. K.W., 
Y.H. and K.Ishii corrected the clinical data. S.S. and K.Ishizawa carried out the 
literature search and drafted the manuscript. W.K., S.S., H.I., and K.Ishizawa 
reviewed the manuscript.

Funding
Not applicable.

Availability of data and materials
Data available on request from the correspondence author (Kentaro Watan-
abe; watanabe.kentaro@nihon-u.ac.jp).

Declarations

Ethics approval and consent to participate
The study was designed in accordance with the principles of the Declaration 
of Helsinki. The study design was cross-sectional and employed a clinical data-
base. This study protocol was approved by the ethics committee of Yamagata 
University Faculty of Medicine (No. 2021–12) and Nihon University School of 
Medicine (No. RK-180911–10). The protocol of this study is available on the 
web page of the Ethics Committee. All potential study subjects were given 
the opportunity to opt out. The requirement for written informed consent was 
waived by the ethics committee of Yamagata University Faculty of Medicine 
and Nihon University School of Medicine due to the retrospective nature of 
the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest.

Author details
1 Division of Diabetes and Metabolic Diseases, Department of Internal 
Medicine, Nihon University School of Medicine, 30–1 Oyaguchikami‑cho, 
Itabashi‑ku, 173‑8610 Tokyo, Japan. 2 Department of Neurology, Hematology, 
Metabolism, Endocrinology and Diabetology, Yamagata University Faculty 
of Medicine, 2‑2‑2 Iida‑nishi, 990‑9585 Yamagata, Japan. 

Received: 4 September 2021   Accepted: 2 August 2022

https://doi.org/10.1186/s12872-022-02800-9
https://doi.org/10.1186/s12872-022-02800-9


Page 10 of 11Saigusa et al. BMC Cardiovascular Disorders          (2022) 22:365 

References
	1.	 Dawber TR, Kannel WB. The Framingham Study. An epidemiological 

approach to coronary heart disease. Circulation. 1966;34:553–5.
	2.	 Ninomiya T, Kubo M, Doi Y, Yonemoto K, Tanizaki Y, Rahman M, et al. 

Impact of metabolic syndrome on the development of cardiovascular 
disease in a general Japanese population: the Hisayama study. Stroke. 
2007;38:2063–9.

	3.	 Munakata M. Brachial-ankle pulse wave velocity in the measurement of 
arterial stiffness: recent evidence and clinical applications. Cur Hyper-
tens Rev. 2014;10:49–57.

	4.	 Namba T, Masaki N, Takase B, Adachi T. Arterial stiffness assessed by 
cardio-ankle vascular index. Int J Mol Sci. 2019;20: e366.

	5.	 Gohbara M, Iwahashi N, Sano Y, Akiyama E, Maejima N, Tsukahara K, 
et al. Clinical impact of the Cardio-Ankle Vascular Index for predict-
ing cardiovascular events after acute coronary syndrome. Circ J. 
2016;80:1420–6.

	6.	 Sato Y, Nagayama D, Saiki A, Watanabe R, Watanabe Y, Imamura H, 
et al. Cardio-ankle vascular index is independently associated with 
future cardiovascular events in outpatients with metabolic disorders. J 
Atheroscler Thromb. 2016;23:596–605.

	7.	 Ninomiya T, Kojima I, Fukuhara M, Hirakawa Y, Hata J, Kitazono T, et al. 
Brachial-ankle pulse wave velocity predicts the development of cardio-
vascular disease in a general Japanese population: the Hisayama Study. 
J Hypertens. 2013;31:477–83.

	8.	 Turin TC, Kita Y, Rumana N, Takashima N, Kadota A, Matsui K, et al. 
Brachial-ankle pulse wave velocity predicts all-cause mortality in the 
general population: findings from the Takashima study. Jpn Hypertens 
Res. 2010;33:922–5.

	9.	 Takai A, Ogawa H, Wakeyama T, Iwami T, Kimura M, Hadano Y, et al. Car-
dio-ankle vascular index is superior to brachial-ankle pulse wave veloc-
ity as an index of arterial stiffness. Hypertens Res. 2008;31:1347–55.

	10.	 Satoh H, Shimazu A, Kato Y, Araki R, Koyama K, Okajima T, et al. Evalu-
ation of the cardio-ankle vascular index, a new indicator of arterial 
stiffness independent of blood pressure, in obesity and metabolic 
syndrome. Hypertens Res. 2008;31:1921–30.

	11.	 Kato A, Takita T, Furuhashi M, Maruyama Y, Miyakawa H, Kumagai H. 
Brachial-ankle pulse wave velocity and the cardio-ankle vascular index 
as a predictor of cardiovascular outcomes in patients on regular hemo-
dialysis. Ther Apher Dial. 2012;16:232–41.

	12.	 Wallenfeldt K, Hulthe J, Fagerberg B. The metabolic syndrome in mid-
dle-aged men according to different definitions and related changes in 
carotid arteryintima-media thickness (IMT) during 3 years of follow-up. 
J Intern Med. 2005;258:28–37.

	13.	 Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common 
carotid intima-media thickness and risk of stroke and myocardial 
infarction: the Rotterdam Study. Circulation. 1997;96:1432–7.

	14.	 Kitagawa K, Hougaku H, Yamagami H, Hashimoto H, Itoh T, Shimizu Y, 
et al. Carotid intima-media thickness and risk of cardiovascular events 
in high-risk patients. results of the Osaka follow-up study for carotid 
atherosclerosis 2 (OSACA2 Study). Cerebrovasc Dis. 2007;24:35–42.

	15.	 Nishimura K, Okamura T, Watanabe M, Nakai M, Takegami M, 
Higashiyama A, et al. Predicting coronary heart disease using risk 
factor categories for a Japanese urban population, and comparison 
with the Framingham risk score: the Suita study. J Atheroscler Thromb. 
2014;21:784–98.

	16.	 Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised 
equations for estimated GFR from serum creatinine in Japan. Am J 
Kidney Dis. 2009;53:982–92.

	17.	 Watanabe K, Suzuki T, Nakano H, Oba K. Usefulness of carotid param-
eters measured by ultrasonography as a marker of atherothrombotic 
infarction and lacunar infarction in high-risk elderly people. Geriatr 
Gerontol Int. 2006;6:87–93.

	18.	 Takeuchi S, Kamide K, Miwa Y, Tomoyama M, Yoshii M, Matayoshi T, 
et al. Diagnostic value of carotid intima-media thickness and plaque 
score for predicting target organ damage in patients with essential 
hypertension. J Hum Hypertens. 2004;18:17–23.

	19.	 Kokubo Y, Watanabe M, Higashiyama A, Nakao YM, Nakamura F, 
Miyamoto Y. Impact of intima-media thickness progression in the com-
mon carotid arteries on the risk of incident cardiovascular disease in 
the Suita study. J Am Heart Assoc. 2018;7: e007720.

	20.	 Rosenbaum PR, Rubin DB. The central role of the propensity score in 
observational studies for causal effects. Biometrika. 1983;70:41–55.

	21.	 Austin PC. Optimal caliper widths for propensity-score matching when 
estimating differences in means and differences in proportions in 
observational studies. Pharm Stat. 2011;10:150–61.

	22.	 Rosenbaum PR, Rubin DB. Constructing a control group using multi-
variate matched sampling methods that incorporate the propensity 
score. Am Stat. 1985;39:33–8.

	23.	 Sugawara J, Hayashi K, Tanaka H. Arterial path length estimation on 
brachial-ankle pulse wave velocity: validity of height-based formulas. J 
Hypertens. 2014;32:881–9.

	24.	 Lu Y, Zhu M, Bai B, Chi C, Yu S, Teliewubai J, et al. Comparison of carotid-
femoral and brachial-ankle pulse-wave velocity in association with 
target organ damage in the community-dwelling elderly Chinese: The 
Northern Shanghai Study. J Am Heart Assoc. 2017;6: e004168.

	25.	 Shirai K, Utino J, Saiki A, Endo K, Ohira M, Nagayama D, et al. Evaluation 
of blood pressure control using a new arterial stiffness parameter, 
cardio-ankle vascular index (CAVI). Curr Hypertens Rev. 2013;9:66–75.

	26.	 Kobozono T, Miyata M, Ueyama K, Nagai A, Yutaka O, Kusano K, et al. 
Clinical significance and reproducibility of new arterial distensibity 
index. Circ J. 2007;71:89–94.

	27.	 Takashima N, Ohkubo T, Miura K, Okayama A, Okuda N, Nakagawa H, 
et al. Factors associated with intra-individual visit-to-visit variability of 
blood pressure in four countries: the INTERMAP study. J Hum Hyper-
tens. 2019;33:229–36.

	28.	 Miyoshi T, Ito H. Assessment of arterial stiffness using the cardio-ankle 
vascular index. Pulse (Basel). 2016;4:11–23.

	29.	 Tomiyama H, Arai T, Koji Y, Yambe M, Motobe K, Zaydun G, et al. 
The age-related increase in arterial stiffness is augmented in 
phases according to the severity of hypertension. Hypertens Res. 
2004;27:465–70.

	30.	 Sun CK. Cardio-ankle vascular index (CAVI) as an indicator of arterial 
stiffness. Integr Blood Press Control. 2013;6:27–38.

	31.	 O’Rourke MF, Hashimoto J. Mechanical factors in arterial aging. J Am 
Coll Cardiol. 2007;50:1–13.

	32.	 Kabutoya T, Hoshide S, Fujiwara T, Negishi K, Nishizawa M, Yamamoto 
M, et al. Age-related difference of the association of cardiovascular-
risk factors with the cardio-ankle vascular index in the Cardiovascular 
Prognostic Coupling Study in Japan (the Coupling Registry). J Clin 
Hypertens (Greenwich). 2020;22:1208–15.

	33.	 Gomez-Marcos MA, Gomez-Sanchez L, Patino-Alonso MC, Recio-
Rodriguez JI, Gomez-Sanchez M, Rigo F, et al. A body shape index and 
vascular structure and function in Spanish adults (MARK study): a cross-
sectional study. Medicine (Baltimore). 2018;97: e13299.

	34.	 Kulkarni AV, Drake JM, Kestle JRW, Mallucci CL, Sgouros S, Constantini 
S, Canadian Pediatric Neurosurgery Study Group. Endoscopic third 
ventriculostomy vs cerebrospinal fluid shunt in the treatment of hydro-
cephalus in children: a propensity score-adjusted analysis. Neurosur-
gery. 2010;67:588–593.

	35.	 Verstegen NE, Oosterhuis JWA, Palma DA, Rodrigues G, Lagerwaard 
FJ, van der Elst A, et al. Stage I-II non-small-cell lung cancer treated 
using either stereotactic ablative radiotherapy (SABR) or lobectomy by 
video-assisted thoracoscopic surgery (VATS): outcomes of a propensity 
score-matched analysis. Annal Oncol. 2013;24:1543–8.

	36.	 Yokoyama H, Aoki T, Imahori M, Kuramitsu M. Subclinical atheroscle-
rosis is increased in type 2 diabetic patients with microalbuminuria 
evaluated by intima-media thickness and pulse wave velocity. Kidney 
Int. 2004;66:448–54.

	37.	 Kim KJ, Lee BW, Kim HM, Shin JY, Kang ES, Cha BS, et al. Associations 
between cardio-ankle vascular index and microvascular complica-
tions in type 2 diabetes mellitus patients. J Atheroscler Thromb. 
2011;18:328–36.

	38.	 Kim JM, Kim SS, Kim IJ, Kim JH, Kim BH, Kim MK, et al. Arterial stiffness 
is an independent predictor for risk of mortality in patients with 
type 2 diabetes mellitus: the REBOUND study. Cardiovasc Diabetol. 
2020;19:143.

	39.	 Ohira M, Yamaguchi T, Sakai A, Ban N, Kawana H, Nagumo A, et al. 
Pioglitazone improves the cardio-ankle vascular index in patients 
with type 2 diabetes mellitus treated with metformin. Diabetes Metab 
Syndr Obes. 2014;73:313–9.



Page 11 of 11Saigusa et al. BMC Cardiovascular Disorders          (2022) 22:365 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	40.	 Katakami N, Mita T, Yoshii H, Shiraiwa T, Yasuda T, Okada Y, et al. Effect 
of tofogliflozin on arterial stiffness in patients with type 2 diabetes: 
prespecified sub-analysis of the prospective, randomized, open-label, 
parallel-group comparative UTOPIA trial. Cardiovasc Diabetol. 2021;20:4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Cardio-ankle vascular index is more closely associated than brachial-ankle pulse wave velocity with arterial damage and risk of cardiovascular disease in patients with diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Backgrounds
	Methods
	Study subjects
	Characteristics of study subjects
	Examination of atherosclerosis and cardiovascular risk
	Statistical analysis

	Results
	Clinical characteristics of study subjects
	Associations between CAVI or baPWV and clinical characteristics
	Associations of CAVI and baPWV with cardiovascular risk factors
	Predictive ability for higher value of IMT in combination CAVI or baPWV with the Suita score or eGFR after adjustment by propensity score matching

	Discussion
	Conclusion
	Acknowledgements
	References


