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Aim: Physiological tests to assess systemic vascular function are not included in the risk score for atrial fibrillation (AF). We aimed to
examine whether cardio-ankle vascular index (CAVI), a systemic arterial stiffness parameter, is associated with the presence of AF in
Japanese general population.
Methods: A cross-sectional study (N = 47,687) and a cohort study (N = 5418, four consecutive years) in Japanese urban residents
who participated in annual health screening were conducted.
Results: A total of 164 subjects (0.34%) had AF in the cross-sectional data. After propensity score matching for age and gender,
logistic regression analysis revealed that CAVI is independently associated with AF, as are body mass index and estimated glomerular
filtration rate. In a 4-year cohort study, 22 subjects (0.41%) with new-appearance of AF showed higher CAVI at baseline than those
without. In the receiver-operating-characteristic curve analysis, the area under the curve, which is a measure of predictability, of CAVI
for the new-appearance of AF was 0.747, and the cut-off value of CAVI was 8.0. Kaplan–Meier analysis revealed that the cumulative
incidence of new-appearance of AF was higher in subjects with CAVI ≥8.0 compared to those with CAVI <8.0. In Cox-proportional
hazards analysis, CAVI ≥8.0 as well as gender were identified as independent predictors for the new-appearance of AF, whereas age
≥65 years was not.
Conclusion: Increased CAVI may represent a major modifiable risk factor for the development of AF. Studies are needed to confirm
that CAVI is a predictor of AF independent of various AF risk factors and that CAVI-lowering interventions can prevent new-
appearance or recurrence of AF.
Keywords: atrial fibrillation, cardio-ankle vascular index, CAVI, arterial stiffness, health screening

Introduction
Atrial fibrillation (AF) is the most common chronic arrhythmia requiring therapeutic intervention and is associated with
increased risk of frailty and dementia, as well as chronic heart failure and cerebral thromboembolism.1 The prevalence of
AF increases markedly after the age of 60 years and is more than 20% in those over 85 years.2 The presence of AF in the
middle-aged population is also a major mortality risk, although the incidence is relatively low.3,4 In the Multi-Ethnic
Study of Atherosclerosis, the incidence of AF was 46% to 65% lower in Hispanics, Asians, and blacks aged 65 years and
older than in non-Hispanic whites.5 In addition, in a study of Veterans Affairs patients, the age-adjusted prevalence of AF
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in whites was about twice as high as in other races.6 From the data of 630,138 Japanese subjects aged 40 years or more,
the AF prevalence of men was three times that of women (1.35 vs 0.43%, p < 0.0001), and the overall prevalence was
estimated to be 0.56%.7

Recently, the risk score for AF incidence using traditional risk factors that are easily obtained in routine health
screenings has been established in Japan.8 However, physiological tests to assess systemic vascular function are not
included in the risk score.

Cardio-ankle vascular index (CAVI) is known to reflect the stiffness of the arterial tree from the origin of the aorta to
the ankle, independent of blood pressure (BP) at the time of measurement,9 and has been reported to be associated
positively with cardiovascular disease (CVD) risks,10–12 severity of CVD,13 and future CVD events.14 Several cross-
sectional studies have shown that CAVI reflects cardiac structural and functional changes associated with AF.15,16

Furthermore, increased CAVI is significantly associated with AF prevalence even after adjusting CVD risks,17 indicating
the bidirectional interaction between systemic arterial stiffening and AF. However, the predictability of CAVI for the
new-appearance of AF has not yet been explored, especially in general population receiving health screening.

With the above background, this real-world retrospective study aimed to investigate the relationship of clinical
variables including CAVI with AF in real-world Japanese population. From the results obtained, the causality between
systemic circulation and arrhythmia as well as how CAVI can be used in the management of AF in routine clinical
practice will be discussed.

Materials and Methods
Ethics Approval and Consent to Participate
The protocol of the study was prepared in accordance with the Declaration of Helsinki, and this study was approved by
the Institutional Review Board and Ethics Committee of Sakura Hospital, School of Medicine, Toho University (No.
S20091). Written informed consent for the examinations was obtained from the participants, and informed consent to
participate in this study was obtained by opt-out method.

Design, Subjects and Data Collection
We conducted a retrospective study of Japanese urban residents who underwent annual health screening between
January 2013 and December 2018. The population-based sample with sufficient data, including CAVI, for the study
used in this analysis consisted of 47,687 Japanese subjects living in major cities across Japan who participated in an
annual CVD and cancer screening program organized by the Japan Health Promotion Foundation. We analyzed archival
data retrospectively, collected from existing records. The participants were unpaid volunteers and were not recruited for
the study (as opposed to subjects in a clinical trial).

In the first phase of the present study, a cross-sectional analysis was conducted, focusing on the presence of AF. This
was followed in the second phase by a cohort analysis of 5418 subjects without AF at baseline, with data collected over 4
consecutive years.

All parameters in the health screening were assessed using standardized methods. Height and body weight (BW) were
measured, and body mass index (BMI) was calculated as follows: BW (kg) divided by square of height (m). Blood
samples were collected from the antecubital vein in the morning after 12 hours of fasting to measure fasting plasma
glucose (FPG), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C). Low-density lipoprotein-cholesterol
(LDL-C) was calculated using Friedewald formula: LDL-C = total cholesterol (TC) – (HDL-C) – (TG/5). Since this
formula is not valid for patients with TG ≥ 400 mg/dL,18 subjects with baseline TG ≥ 400 mg/dL (0.6% of all
participants) were excluded from the analysis of LDL-C.

Estimated glomerular filtration rate (eGFR) was calculated by the following equation from the Japanese Society of
Nephrology:19

eGFR (mL/min/1.73m2) = 194 × creatinine−1.094 × age−0.287 (× 0.739 if female).
In addition, renal dysfunction was defined as eGFR <60 mL/min/1.73m2, corresponding to GFR category G3a or

worse.20
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Current smoking and habitual alcohol consumption status were determined by a questionnaire. Habitual alcohol
consumption was defined as daily drinking. The existence of current treatment for each metabolic disorder (hypertension,
diabetes mellitus and dyslipidemia) was investigated as well.

Measurement of CAVI and Blood Pressure
CAVI was calculated automatically from blood pressure (BP) and pulse wave velocity (PWV) measured with a VaSera
VS-1500 (Fukuda Denshi Co Ltd, Tokyo, Japan), with simultaneous monitoring of electrocardiogram and heart sounds.9

First, BP [systolic BP (SBP) and diastolic BP (DBP)] was measured from the cuff at the upper arm. PWV was calculated
by dividing the distance from the aortic valve to the ankle artery by the sum of the time from aortic valve closure to
brachial pulse wave notch and the time from brachial pulse wave rise to ankle pulse wave. CAVI was then calculated by
the following equation: CAVI = a{(2ρ/ΔP)×ln(Ps/Pd)PWV2}+b, where Ps is SBP; Pd is DBP; ΔP is Ps - Pd; ρ is blood
density, and a and b are constants. The higher value of the left and right CAVIs was adopted. Since CAVI may be falsely
low in patients with severe arterial occlusive disease, we excluded subjects with an ankle-brachial index lower than 0.90.
Elevated BP was diagnosed by SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg.21

Definition of Atrial Fibrillation
Participants were diagnosed with AF if an electrocardiogram obtained during a physical examination showed atrial
fibrillation or flutter. Various findings in electrocardiogram, such as left ventricular hypertrophy, P-wave indices, ST-T
abnormality and QTc interval, have been reported to independently predict the new-appearance of AF.22 However, since
this study aimed to investigate how CAVI and clinical parameters are associated with AF, these findings in electro-
cardiogram at baseline were not evaluated.

Statistical Analysis
The SPSS software (version 27.0.1, Chicago, IL, USA) was used for statistical analyses. All data are expressed as median
[interquartile range (IQR)]. When comparing clinical characteristics of participants in two groups with and without AF, it
was necessary to correct for imbalance related to age and gender. Therefore, propensity score matching (PSM) with a 1:4
ratio was performed to match the cases in two groups using the nearest matching method with a caliper width equal to
0.2. Standardized difference <0.1 of the absolute value was considered to be a relatively small imbalance. Mann–
Whitney U-test or Fisher’s exact test was performed as post-hoc test to determine whether between-group differences
were statistically significant. Logistic regression analysis was used to identify contributors to the presence of AF and
expressed as odds ratio with 95% confidence interval (CI). Kaplan–Meier survival analysis was employed to estimate the
time to end point, and Log rank test was used to compare between the four groups. Sensitivity and specificity with respect
to new-appearance of AF were analyzed using conventional receiver-operating-characteristic (ROC) curve, and cut-off
value of CAVI was estimated using Youden’s J index (J = sensitivity + specificity ‒ 1), as the point on the ROC curve
where the Youden’s index is maximum.23 The predictability of CAVI in ROC curve analysis was expressed as area under
the ROC curve (AUC) and 95% confidence interval (CI). Cox-proportional hazards analysis was performed to identify
predictors for new-appearance of AF, and the result is expressed as hazard ratio with 95% CI. In all comparisons, two-
sided p values less than 0.05 were considered statistically significant.

Results
Comparison of Demographic and Clinical Characteristics in Subjects with or without
Atrial Fibrillation (Cross-Sectional Study)
In the first cross-sectional analysis, all subjects (19,868 men and 27,819 women; median age 47 years, median BMI
22 kg/m2) were divided into groups with and without AF, and demographic and clinical characteristics were compared
before and after PSM (Table 1).

Before PSM, a total of 164 subjects (0.34%) had AF in this cross-sectional data. The prevalence of AF by age group
was 0.0% in the 20s and 30s, 0.1% in the 40s, 0.2% in the 50s, 0.7% in the 60s, 1.7% in the 70s, and 4.0% in the 80s and
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older. AF group showed higher age, BP, CAVI, FPG, TG, creatinine, rates of male sex, habitual alcohol drinking, obesity,
elevated BP and treatment for metabolic disorders, and lower HDL-C and eGFR compared to non-AF group. LDL-C and
current smoking rate did not differ between the two groups. After PSM, small imbalances were obtained for gender
(standardized difference: 1.003 to 0.039) and age (standardized difference: 1.528 to 0.026), and the differences in BMI,
CAVI, renal function, and treatment of hypertension frequency remained significant.

Logistic Regression Model for the Presence of Atrial Fibrillation After Propensity
Score Matching (Cross-Sectional Study)
Next, we examined the factors associated with AF using multivariate logistic regression model as shown in Table 2. The
parameters showing significant differences between the two-group after PSM (Table 1) were mainly adopted as
confounding variables.

Table 1 Comparison of Demographic and Clinical Characteristics in Subjects with or without Atrial Fibrillation (Cross-Sectional
Study)

Variables Before PSM After PSM

AF Non-AF AF Non-AF

(N = 164) (N = 47,523) (N = 163) (N = 652)

Male (%) 139 (84.8) 19,729 (41.5)* 138 (84.7) 560 (85.9)

Age (years) 68 (61–74) 47 (37–59)* 68 (61–74) 68 (61–74)
BMI (kg/m2) 24.3 (22.6–26.1) 22.0 (19.0–24.4)* 24.3 (22.6–26.2) 23.1 (21.5–25.0)*

SBP (mmHg) 131 (121–140) 122 (112–132)* 131 (121–140) 134 (124–144)*

DBP (mmHg) 78 (72–86) 72 (64–80)* 78 (72–86) 78 (71–84)
CAVI 9.3 (8.8–9.8) 7.5 (7.0–8.3)* 9.3 (8.8–9.8) 9.0 (8.4–9.5)*

FPG (mg/dL) 92 (86–100) 84 (79–90)* 92 (86–100) 91 (85–100)

LDL-C (mg/dL) 117 (103–142) 122 (101–145) 117 (103–142) 128 (106–147)
HDL-C (mg/dL) 57 (50–69) 67 (55–79)* 57 (50–69) 60 (49–70)

TG (mg/dL) 88 (72–126) 79 (56–118)* 98 (72–139) 88 (72–126)

Creatinine (mg/dL) 0.91 (0.79–1.04) 0.70 (0.60–0.83)* 0.91 (0.79–1.04) 0.84 (0.75–0.94)*
eGFR (mL/min/1.73m2) 64.1 (51.6–74.0) 79.8 (70.6–90.2)* 64.0 (51.5–74.1) 69.1 (60.3–51.5)*

Current smoking (%) 24 (14.6) 7433 (15.6) 24 (14.7) 80 (12.3)

Habitual alcohol drinking (%) 37 (22.6) 5796 (12.2)* 37 (22.7) 138 (21.1)
BMI ≥ 25 kg/m2 (%) 64 (39.0) 9925 (20.9)* 64 (39.3) 167 (25.6)*

SBP ≥140 and/or 90 mmHg (%) 55 (33.5) 7548 (15.9) 55 (33.7) 230 (35.3)

Treatment of hypertension (%) 66 (40.2) 4262 (9.0)* 66 (40.5) 195 (29.9)*
Treatment of diabetes (%) 11 (6.7) 897 (1.9)* 11 (6.7) 51 (7.8)

Treatment of dyslipidemia (%) 25 (15.2) 2862 (6.0)* 138 (84.7) 93 (14.3)

eGFR <60 mL/min/1.73m2 (%) 71 (43.3) 3204 (6.7)* 71 (43.6) 160 (24.5)*

Notes: Data are presented as median (interquartile range) or percent of subjects. *p < 0.05; Mann–Whitney U-test for continuous variables, or Fisher’s exact test for
dichotomous variables among two groups.
Abbreviations: AF, atrial fibrillation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CAVI, cardio-ankle vascular index; FPG, fasting
plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate.

Table 2 Logistic Regression Model for the Presence of Atrial Fibrillation After Propensity Score Matching (Cross-Sectional Study)

Variables Odds Ratio 95% Confidence Interval p value

BMI (every 1 kg/m2) 1.15 1.08–1.22 <0.001

CAVI (every 1 index) 1.37 1.08–1.22 0.008
eGFR (every 10 mL/min/1.73m2) 0.807 0.705–0.924 0.002

Hypertension treatment (Yes; 1, No; 0) 1.14 0.781–1.66 0.497

Note: Akaike’s information criterion: 777.2, residual deviance: 767.2, p < 0.001.
Abbreviations: BMI, body mass index; CAVI, cardio-ankle vascular index; eGFR, estimated glomerular filtration rate.
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Resultantly, logistic regression analysis revealed that BMI, CAVI and eGFR were significantly associated with the
presence of AF. On the other hand, treatment of hypertension was not extracted as significant confounders.

Comparison of Demographic and Clinical Characteristics in Subjects with or without
the New-Appearance of Atrial Fibrillation During the 4-Year Period (Cohort Study)
Subsequent analyses included a total of 5438 Japanese urban residents (2368 men and 3070 women; median age 48
years, median BMI 21.9 kg/m2) who had undergone four consecutive annual health check programs and were free of AF
at baseline. Table 3 compares the demographic and baseline clinical characteristics in subjects with (N = 22) and without
(N = 5396) new-appearance of AF during the 4-year period.

Subjects with new-appearance of AF showed higher age, SBP, CAVI, FPG, creatinine, and rates of male sex and
hypertension treatment at baseline. On the other hand, there were no differences in BMI, DBP, lipid parameters, rates of
current smoking, habitual alcohol drinking, receiving treatments for diabetes and dyslipidemia in both groups.

Discriminatory Power of CAVI for Prediction of the New-Appearance of Atrial
Fibrillation (Cohort Study)
A ROC curve was generated to evaluate the discriminatory power and cut-off of CAVI for predicting new-appearance of
AF, as shown in Figure 1. The AUC, which is a measure of predictability of CAVI for the new-appearance of AF, was
0.747 (95% CI: 0.639–0.855, p < 0.001). Additionally, from the ROC curve, the cut-off value of 8.0 for CAVI to predict
the new-appearance of AF was decided and used as a covariate in the subsequent Kaplan–Meier survival analysis
(Figure 2) and Cox-proportional hazards analysis (Table 4).

Additionally, the predictability of CAVI for the presence of AF in cross-sectional data (N = 47,687), expressed as
AUC, was 0.875 (95% CI: 0.850–0.899, p < 0.001) (data not shown).

Table 3 Comparison of Demographic and Clinical Characteristics in Subjects with or without the New-Appearance of Atrial
Fibrillation During the 4-Year Period (Cohort Study)

Variables Subjects with New-
Appearance of AF

(N=22)

Subjects without New-
Appearance of AF

(N=5396)

p value

Male sex (%) 16 (72.7) 2331 (43.2) <0.001*

Age (years) 62.5 (58–74.3) 48 (40–58) <0.001

BMI (kg/m2) 23.0 (20.9–25.2) 21.9 (20.0–23.9) 0.152
SBP (mmHg) 127 (117–139) 115 (107–126) 0.005

DBP (mmHg) 76 (72–86) 72 (66–80) 0.058

CAVI 8.7 (8.0–9.4) 7.6 (7.1–8.3) <0.001
FPG (mg/dL) 89 (85–100) 85 (80–90) 0.011

LDL-C (mg/dL) 124 (114–142) 125 (105–147) 0.929

HDL-C (mg/dL) 66 (51–75) 70 (58–83) 0.114
TG (mg/dL) 94 (69–128) 77 (56–111) 0.090

Creatinine (mg/dL) 0.78 (0.69–0.90) 0.71 (0.60–0.84) 0.030

eGFR (mL/min/1.73m2) 69.2 (62.2–81.5) 78.3 (69.6–87.9) 0.014
Age ≥ 65 years (%) 10 (45.5) 741 (13.7) <0.001*

Current smoking (%) 5 (22.7) 726 (13.5) 0.207*

Habitual alcohol consumption (%) 4 (18.2) 835 (15.5) 0.766*
Treatment of hypertension (%) 10 (45.5) 453 (8.4) <0.001*

Treatment of diabetes (%) 1 (4.5) 58 (1.1) 0.214*
Treatment of dyslipidemia (%) 1 (4.5) 104 (1.9) 0.073*

Notes: Data are presented as median (interquartile range) or percent of subjects. Mann–Whitney U-test or *Fisher’s exact test was used to compare subjects in two groups.
Abbreviations: AF, atrial fibrillation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CAVI, cardio-ankle vascular index; FPG, fasting
plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate.
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Kaplan–Meier Curves of the New-Appearance of Atrial Fibrillation Rate According to
Baseline CAVI (Cohort Study)
The total incidence of new-appearance of AF during the 4-year period was 0.40% (22/5438). Kaplan–Meier survival
analysis of the relationship between baseline CAVI and the rate of new-appearance of AF is shown in Figure 2. The
cumulative incidence of new-appearance of AF was higher in subjects with baseline CAVI ≥ 8.0 compared to those with
baseline CAVI < 8.0 (Log rank test p < 0.001).

Cox-Proportional Hazard Model for Association of the New-Appearance of Atrial
Fibrillation with Clinical Variables (Cohort Study)
Finally, we examined the predictability of increased CAVI for the new-appearance of AF using Cox-proportional hazards
analysis, as shown in Table 4. Elderly people over the age of 65 years are at high risk of AF, and guidance from the
National Institute for Health and Care Excellence recommends that elderly people with AF should be anticoagulated.24

Additionally, since there were only 22 new-appearance of AF cases in this study, the number of confounding factors used
in Cox-proportional hazards analysis was limited. From these backgrounds, two major unmodifiable factors that
contribute remarkably to AF, age ≥ 65 years and gender, were used as adjusting confounders.

Resultantly, male sex and high CAVI (CAVI ≥ 8.0) were identified as independent predictors for new-appearance of
AF, whereas age ≥ 65 years was not.

Figure 1 Discriminatory power of CAVI for the prediction of the new-appearance of atrial fibrillation (cohort study). The receiver-operating-characteristic curve shows the
performance of CAVI to discriminate new-appearance of AF. The Youden Index was used in to select the optimal cut-off point of CAVI.
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Discussion
We conducted the cross-sectional and cohort study on the possible association between CAVI and the presence of AF in
Japanese urban residents. The prevalence of AF by age group was similar to that previously reported in Japan.7 Subjects
with AF at baseline showed relatively higher CAVI than those without. Even among subjects without AF at baseline,
those who developed new-appearance of AF during the 4-year period had significantly higher CAVI than those who did
not. In the cross-sectional study after PSM for age and sex, in addition to CAVI, BMI, eGFR were also extracted as
independent factors associated with AF. Baseline CAVI was also associated with the new-appearance of AF in the cohort
study, and ROC curve analysis decided CAVI 8.0 as the optimal cut-off for predicting new-appearance of AF. Cox-
proportional hazards analysis revealed that CAVI ≥ 8.0, as well as male sex, were independent predictors for the new-
appearance of AF. This cut-off value of CAVI is almost consistent with previous reports on the relationship of CAVI with
coronary artery stenosis, calcifications and CVD events.12,25,26 These findings may suggest the need to emphasize the
importance of CAVI in addition to CVD risks for early detection of AF in real-world Japanese population.

The CAVI cut-off of 8.0, decided from ROC analysis in this study, should be interpreted with caution, even though it
was an independent predictor for new-appearance of AF. In this study, the cumulative incidence for the new-appearance
of AF during the 4-year period was only 0.12% in subjects with CAVI < 8.0, and 0.90% in subjects with CAVI ≥ 8.0
(Figure 2). Therefore, it is not valid to conclude that CAVI of 8.0 or higher is a risk factor for the development of AF in

Figure 2 Kaplan–Meier curves for the rates of the new-appearance of atrial fibrillation when subjects were stratified by baseline CAVI (cohort study). Participants were
divided into two groups: those with baseline CAVI ≥ 8.0 and those with baseline CAVI < 8.0.

Table 4 Cox-Proportional Hazard Model for the Association of the New-Appearance of Atrial Fibrillation with Clinical Variables
(Cohort Study)

Variables Hazard Ratio 95% Confidence Interval p value

Sex (male; 1, female; 0) 3.29 1.29–8.40 0.013

Older age (age ≥ 65 y; 1, < 65 y; 0) 2.17 0.863–5.46 0.099
CAVI ≥ 8.0 (Yes; 1, No; 0) 5.27 1.60–17.3 0.006

Abbreviation: CAVI, cardio-ankle vascular index.
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middle-aged Japanese receiving health screening. In the future, it is needed to verify how well CAVI can predict the
appearance of AF in elderly high-risk outpatients, independent of existing risk scores for AF.

There are two possible explanations for the ability of CAVI in predicting new-appearance of AF. First, the
development of AF is closely related to atherosclerosis, and CAVI can be regarded as a correlating factor reflecting
this pathophysiology. Risk factors of AF including aging, male sex, diabetes, hypertension, alcohol consumption and
smoking are also related to endothelial dysfunction in the early phase of atherosclerosis.27,28 In a multi-ethnic large-scale
population study, decrease in flow-mediated dilation was found to reflect endothelial dysfunction with inflammation,
oxidative stress, increased adhesion molecules and decreased nitric oxide, and also predicted the development of AF.29

Similarly, systemic inflammation indicated by elevated C-reactive protein was observed in patients with AF.30 In
addition, Lee et al31 also reported that atrial fibrosis with increased cytokine expression was the main pathophysiology
of arrhythmogenic atrial remodeling in a canine congestive heart failure model. Taking into account that CAVI reflects
inflammation and oxidative stress in systemic circulation,32–34 CAVI may correlate positively with the risk factors of AF.

The second possible explanation is that systemic arterial stiffening directly induces AF through elevated left
ventricular filling pressure and atrial enlargement. A cross-sectional study suggests that left ventricular concentric
remodeling/hypertrophy correlates positively with increased CAVI.35 Moreover, in the treatment of congestive heart
failure, increased left ventricular ejection fraction was associated with decreased CAVI.36 In addition to left ventricular
function, left atrial reservoir function evaluated by Speckle-tracking echocardiography was also inversely related to
CAVI in a community-based cohort.37 Indeed, Nakamura et al16 reported that CAVI was closely associated with atrial
structural and electrical remodeling in patients with AF. These findings may indicate a causality that impaired left atrial
reservoir function is caused by high CAVI-mediated left ventricular overload, and this relationship is consistent with the
hypothesis that systemic arterial stiffening is located upstream of the pathogenesis for AF. Longitudinal studies are
needed to confirm that elevated LV filling pressures associated with high CAVI predict the new-appearance of AF.

As mentioned earlier, traditional CVD risk factors are strongly associated with the pathogenesis of AF. Therefore,
patients who develop AF are more likely to have prior organ damage such as ischemic heart disease and chronic kidney
disease. Additionally, such organ damage and AF form a vicious cycle in which they aggravate each other.38–40 On the
other hand, previous study has shown the possibility that appropriate treatments and behavior modification may decrease
CAVI.12,36,41 In addition to the management of metabolic disorders, other approaches including smoking cessation,42

treatment of periodontitis,43 improvement of sleep duration,44 and continuous positive airway pressure for obstructive
sleep apnea45 may contribute to the improvement of CAVI. Therefore, CAVI-lowering interventions are expected to play
a role in preventing new-appearance of and recurrence of AF by breaking the bidirectional interaction between organ
damage and AF.

The Framingham Heart Study has shown that carotid-femoral pulse wave velocity (cfPWV), an indicator of vascular
function, predicts the development of AF.27 However, unlike CAVI, PWV is essentially affected by BP at the time of
measurement,8,46 and thus may underestimate the degree of vascular dysfunction caused by CVD risk factors other than
hypertension. In fact, a multicenter longitudinal study performed in a large European population revealed that cfPWV
was unnaturally more associated with hypertension than glucose intolerance and dyslipidemia.47 Therefore, this critical
disadvantage of cfPWVas an indicator of vascular function makes it difficult to evaluate the pathophysiology that bridges
AF with systemic arterial stiffening occurring without hypertension. On the other hand, in the cross-sectional analysis of
the present study, BP and hypertension treatment did not show a greater involvement in AF than CAVI. Unfortunately,
the longitudinal analysis to compare BP and CAVI was not possible because of the small number of the new-appearance
of AF. However, it is necessary to investigate whether CAVI can be added to BP in daily clinical practice to enhance the
predictive ability of the new-appearance of AF.

A limitation of this study with a study population consisting of mainly non-elderly subjects is that the absolute
number of new-appearance of AF as an endpoint was small, and confounders may have been inadequately extracted. It
is also curious that older age was not extracted as a significant contributor in the longitudinal analysis, but this may be
because the number of the new-appearance of AF was too small to create a Cox model with high accuracy.
Furthermore, as mentioned earlier, appropriate therapeutic interventions may prevent the new-appearance of AF
through the reduction of CAVI. However, due to the limited number of applicable subjects and information in the
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current study, we were not able to clarify the association between treatment of metabolic disorders and AF. Next, the
BP employed in the current study was automatically measured during supine rest, and may have been lower than
normal sitting BP. In addition, this study did not examine persistent and long-standing AF separately. Therefore,
unrecognized AF may have been overlooked. Finally, CAVI measured in subjects with AF is generally not validated
because of the characteristic beat-to-beat variability. However, Nakamura et al reported that there is a strong correla-
tion between CAVI values during AF and those during sinus rhythm,16 suggesting the reproducibility and usefulness of
CAVI during AF.

Conclusion
Increased CAVI may represent a major modifiable risk factor for the development of AF. Studies are needed to confirm
that CAVI is a predictor of AF independent of various AF risk factors, and that CAVI-lowering interventions can prevent
new-appearance or recurrence of AF.
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