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Clinical Significance of the Cardio-Ankle Vascular Index as a
Cardiovascular Disease Risk Factor in Japanese
Elderly Patients With Obesity

Takashi Hitsumoto

Abstract

Background: The cardio-ankle vascular index (CAVI) is a physiologi-
cal marker that indicates systemic arterial stiffness, and several reports
have demonstrated its usefulness as a predictor of cardiovascular dis-
ease (CVD). However, there have been no studies examining the clini-
cal significance of CAVI limited to elderly patients with obesity. This
prospective study aimed to determine the clinical significance of CAVI
as a CVD risk factor in Japanese elderly patients with obesity.

Methods: This study included a total of 402 Japanese elderly patients
with obesity (mean age + standard deviation: 72 & 5 years; mean body
mass index + standard deviation: 27.6 + 2.2 kg/m?) and no history
of CVD events. The patients were divided into two groups: the high
CAVI group (group H: n = 193) and the low CAVI group (group L:
n = 209) (cut-off value: 9.0). The patients’ background factors were
compared between groups, and the usefulness of the CAVI as a pre-
dictor of primary CVD events was assessed.

Results: Group H showed a significantly higher visceral fat area, as
measured by abdominal computed tomography, compared to group
L. A significant relation with biomarkers, such as homeostasis model
assessment of insulin resistance (HOMA-IR); preheparin serum li-
poprotein lipase mass (pre-LPL mass) concentration, one of the
coronary risk factors; and urinary 8-iso-prostaglandinF2a (U-8-iso-
PGF2a) concentration, an indicator of oxidative stress in vivo, was
observed. The multiple Cox proportional hazards regression analysis
for the incidence of primary CVD events (median follow-up period:
100 months) indicated that group H had a significantly higher risk
of developing primary CVD events than group L (hazard ratio: 2.40;
95% confidence interval: 1.37 - 4.24; P = 0.002). However, high
HOMA-IR, low pre-LPL mass, and high U-8-iso-PGF2a were also
selected as significant predictors of primary CVD events.

Conclusions: The results of this study indicated that the CAVI in-
creases in the presence of visceral fat accumulation and is significant-
ly associated with key CVD risk factors, such as insulin resistance,
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low pre-LPL mass, and elevated oxidative stress in Japanese elderly
patients with obesity. Furthermore, high CAVI is considered a useful
predictor of primary CVD events in such patients.
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Introduction

Recent epidemiological studies have reported that there are many
people with obesity, and that a certain proportion of elderly indi-
viduals also have obesity [1]. In daily clinical practice, clinicians
encounter many elderly patients with obesity. Several studies
have also investigated the relationship between elderly patients
with obesity and classical cardiovascular disease (CVD) risk
factors, such as hypertension, dyslipidemia, and diabetes mel-
litus [2, 3]. In fact, even in daily practice, elderly patients com-
plicated by obesity with a classical CVD risk factor are common.
However, despite the standard medical treatments for these clas-
sical CVD risk factors, such as blood pressure-lowering therapy,
blood glucose-lowering therapy, and serum lipid-lowering thera-
Py, a certain number of patients would still develop CVD events.
Thus, if a novel CVD risk factor in addition to the classical CVD
risk factor can be identified and efficiently intervened in elderly
patients with obesity, it can facilitate the prevention of further
CVD development, making it clinically meaningful.

The cardio-ankle vascular index (CAVI) was developed
as a physiological marker of systemic arterial stiffness that is
independent of blood pressure at the time of measurement [4].
In recent years, basic and clinical studies have confirmed the
significance of the CAVI as a CVD risk [5-9]. Furthermore,
several prospective studies have demonstrated that CAVI is an
important indicator for developing CVD [10-14]. Satoh-Asa-
hara et al reported that CAVI can predict CVD events in Japa-
nese patients with obesity with a mean age of 51.5 years [12].
Therefore, the existing study is considered as mainly target-
ing the middle-aged population. However, to our knowledge,
there have been no studies examining the analysis of CAVI
limited to elderly patients with obesity, and furthermore, the
usefulness of CAVI as a predictor of primary CVD events in

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com
518 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jocmr6351&domain=pdf&date_stamp=2025-09-22

Hitsumoto

J Clin Med Res. 2025;17(9):518-528

such patients has not been validated. Therefore, this prospec-
tive study tried to determine the clinical significance of CAVI
as a CVD risk factor in Japanese elderly patients with obesity
using various analysis.

Materials and Methods

Patients

Inclusion criteria were defined as 452 consecutive Japanese
elderly patients with obesity (age > 65 years and body mass
index (BMI) > 25.0 kg/m?) without a history of CVD events,
who visited Hitsumoto Medical Clinic in Yamaguchi Prefec-
ture between April 2009 and March 2011. Exclusion criteria
included cases in which informed consent could not be ob-
tained (14 cases), cases with insufficient data necessary for this
study (14 cases), cases with ankle- brachial index < 0.9 (10
cases), and cases in which atrial fibrillation was present dur-
ing CAVI measurement (12 cases). Finally, 402 patients (male/
female ratio: 147/255; mean age + standard deviation: 72 £ 5
years; mean BMI + standard deviation: 27.6 + 2.2 kg/m?) were
enrolled in this study. The BMI of 25.0 kg/m? or higher, which
was used to define Japanese obesity in this study, was deter-
mined with reference to existing reports [15].

Ethical considerations

This study was performed in accordance with the Declaration
of Helsinki and the ethical principles of medical research in-
volving human beings. Informed consent was obtained from
all patients, and the study protocol was approved by the Insti-
tutional Review Board of Hitsumoto Medical Clinic (date of
approval: March 18, 2009; approval number: HMC-2009- 3).

CAVI measurement

CAVI was measured using a VaSera CAVI instrument (Fuku-
da Denshi, Tokyo, Japan) based on the previously described
methods [4, 16]. In brief, the pulse waves of the upper arm
and ankle were determined using an inflatable cuff in which
the pressure was maintained at 30 - 50 mm Hg. The systemic
blood pressure and pulse pressure were measured simultane-
ously after the patient had rested in the supine position for 10
min. The formula for measuring the CAVI is as follows: CAVI
= a((2p/AP) x In (Ps/Pd) x (pulse wave velocity)?) + b, where
a and b are constants, p is blood density, AP is Ps - Pd, Ps is
systolic blood pressure, and Pd is diastolic blood pressure. Fur-
thermore, the average coefficient of variation is < 5%, which
indicates that the CAVI has good reproducibility [4].

Evaluation of the clinical parameters

Smokers were defined as patients who had smoking habits
at baseline. In this study, the classical risk factors for CVD
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Figure 1. Optimal cut-off value of CAVI to detect primary CVD events
using receiver operating characteristic curve analysis. The patients
were divided into two groups based on the optimal cut-off value of the
CAVI (cut-off value: 9.0): high CAVI group (group H) and a low CAVI
group (group L). CAVI: cardio-ankle vascular index; CVD: cardiovascu-
lar disease; AUC: area under the curve.

- hypertension, dyslipidemia, and diabetes mellitus - were
defined according to a previous report [11]. The abdominal
computed tomography examination measured the visceral fat
area (VFA) and subcutaneous fat area at the umbilical level.
The blood and urine data were measured in the fasting state.
The contents of the data are as follows: serum lipid concen-
tration, blood glucose concentration, blood insulin concen-
tration, preheparin serum lipoprotein lipase mass (pre-LPL
mass) concentration, and urinary 8-iso- prostaglandin F2a
(U-8-is0-PGF20) concentration, an in vivo indicator of oxi-
dative stress. The homeostasis model assessment of insulin
resistance (HOMA-IR) was calculated as a marker of insulin
resistance by an existing report (HOMA-R = blood glucose
concentration x blood insulin concentration/405) [17]. Fur-
thermore, oral medications, such as renin-angiotensin system
(RAS) inhibitors, calcium blocker, statin, fibrate, and sulfo-
nylurea were also investigated. None of insulin users were
observed in this study

Determination of the primary CVD events and grouping

This study evaluated whether the enrolled patients developed
primary CVD events during the observation period, which
lasted until March 2025. Moreover, primary CVD events were
defined as a composite of cardiovascular death, the develop-
ment of coronary artery disease requiring invasive and/or med-
ical treatment, and nonfatal ischemic stroke. The patients were
divided into two groups based on the optimal cut-off value of
the CAVI (cut-off value: 9.0), determined by receiver operat-
ing characteristic curve analysis for primary CVD events (Fig.
1): high CAVI group (group H: n=193) and a low CAVI group
(group L: n = 209).
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Statistical analysis

Statistical analysis was performed using the commercialized
software Stat View-J 5.0 (HULINKS Inc., Tokyo, Japan) and
MedCalc (MedCalc Software, Ostend, Belgium). The opti-
mal cut-off value of the CAVI for primary CVD events was
decided via the receiver operating characteristic curve analy-
sis using the Youden index [18]. Continuous variables were
expressed as means and standard deviations. Group com-
parisons were conducted using the unpaired #-test or Mann-
Whitney U test, depending in the data distribution. Kaplan-
Meier analysis was performed to produce event-free survival
curves; with differences between these curves assessed using
the log-rank test. Multivariate analysis was performed using
multiple Cox proportional hazards regression. Moreover, in
this study, the selection of the explanatory variables for the
occurrence of primary CVD events in the multiple Cox pro-
portional hazards regression analysis was based on the num-
ber of primary CVD events (90 cases), clinical indices that
showed the significant differences between the two groups
for primary CVD events, based on clinical rationale, and
multicollinearity. Finally, nine explanatory variables (i.e.,
CAVI, age, VFA, diabetes mellitus, HOMA-IR, pre-LPL
mass, U-8-is0-PGF20, RAS inhibitor use, and statin use)
were determined. Cut-off values of age, VFA, HOMA-IR,
pre-LpL mass, and U-8-iso-PGF2a were decided by receiver
operating characteristic curve analysis. In this study, it was
determined that the results drawn are statistically significant
when the P value is less than 0.05.

Results

Baseline clinical characteristics

Table 1 presents the baseline clinical characteristics of the
study population. The mean CAVI for groups H and L were
10.6 and 8.1, respectively. The BMI was significantly lower
in group H than in group L. However, the VFA was signifi-
cantly higher in group H than in group L. Regarding CVD risk
factors, the frequency of diabetes mellitus, blood glucose con-
centration, HOMA-IR, and U-8-iso-PGF2a were significantly
higher in group H than in group L. However, the high-density
lipoprotein cholesterol concentration and pre-LPL mass were
significantly lower in group H than in group L. With regard to
the medications, group H had a significantly lower frequency
of using RAS inhibitors and statin than group L.

Kaplan-Meier curve analysis of all patients who partici-
pated in this study

Figure 2 shows the results of the Kaplan-Meier curve analy-
sis of all patients who participated in this study regarding the
occurrence of primary CVD events. The median observation
period was 100 months (range: 2 - 192 months). During the ob-
servation period, 90 patients experienced primary CVD events

(group L, n =20 (9.6%), vs. group H, n = 70 (36.3%)). Thus,
group H had a significantly higher incidence of primary CVD
events than group L (P <0.001, log-rank test).

The association between the presence or absence of pri-
mary CVD events and clinical characteristics

Table 2 shows the association between the presence or absence
of primary CVD events and clinical characteristics in this
study. BMI was similar in patients with and without primary
CVD events. Age, VFA, frequency of diabetes mellitus, fast-
ing blood glucose concentration, HOMA-IR, and U-8-iso-F2a
were significantly higher in patients who experienced primary
CVD events than in patients who did not. However, the pa-
tients who experienced primary CVD events had significantly
lower pre-LPL mass, RAS inhibitor use, and statin use than
those who did not.

Kaplan-Meier curve analysis in patients not using RAS
inhibitor and statin

Figure 3 shows the results of the Kaplan-Meier curve analysis
in patients not using RAS inhibitor and statin regarding the oc-
currence of primary CVD events. During the observation pe-
riod, 47 patients experienced primary CVD events (group L, n
=9 (17.6%), vs. group H, n = 38 (49.4%)). Thus, group H had
a significantly higher incidence of primary CVD events than
group L (P =0.013, log-rank test).

Multivariate Cox regression analysis

Table 3 shows the results of the multivariable Cox regression
analysis for the onset of primary CVD events. Even after be-
ing adjusted for covariates, group H had a significantly higher
risk of developing primary CVD events than those in group
L (hazard ratio: 2.40; 95% confidence interval: 1.37 - 4.24; P
= 0.002). With regard to the other factors, six variables (i.e.,
RAS inhibitor use, low pre-LPL mass, high HOMA-IR, aging,
statin use, and high U-8-iso-PGF2a) also showed significant
hazard ratios for the onset of primary CVD events. In contrast,
the presence of diabetes mellitus and high VFA were not con-
sidered as significant variables for the occurrence of primary
CVD events.

Discussion

This study aimed to investigate the clinical significance of
CAVI as a CVD risk factor in Japanese elderly patients with
obesity. When comparing baseline clinical backgrounds, pa-
tients with a high CAVI exhibited significantly higher VFA,
as measured by abdominal computed tomography, compared
to those with a low CAVI. Moreover, high CAVI was sig-
nificantly associated with several independent risk factors for
primary CVD events identified in the multivariable Cox re-
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Table 1. Baseline Clinical Characteristics

Characteristics Overall Group L Group H P value
N (male/female) 402 (147/255) 209 (73/136) 193 (74/119) 0.478
Age (years) 72+£5 72+£5 73+£5 0.165
CAVI 9.0+£1.2 8.1+0.6 10.6 £0.8 <0.001
BMI (kg/m?) 27.7+2.2 27.9+2.2 274+22 0.007
VFA (cm?) 134 + 56 123 +52 146 + 53 <0.001
SFA (cm?) 210+ 72 216 + 72 203 +72 0.056
VFA/SFA 0.7+04 0.7+04 0.8+0.5 0.003
Smoker, n (%) 98 (24) 44 (21) 54 (28) 0.107
Hypertension, n (%) 310 (77) 162 (78) 148 (77) 0.844
SBP (mm Hg) 136 + 15 135+15 136 + 16 0.494
DBP (mm Hg) 86+ 11 86+ 11 86+ 11 0.943
Diabetes mellitus, n (%) 138 (34) 62 (30) 76 (39) 0.041
Dyslipidemia, n (%) 309 (77) 163 (78) 146 (76) 0.579
LDL-C (mg/dL) 127 + 40 126 + 39 129 +41 0.533
TG (mg/dL) 145 + 60 144 + 62 147 + 58 0.555
HDL-C (mg/dL) 49+ 16 50+ 17 47+ 14 0.045
FBG (mg/dL) 111 +25 106 +22 115+27 <0.001
HOMA-IR 22+14 1.7£1.0 2.8+1.6 <0.001
Pre-LpL mass (ng/mL) 68+ 16 71+17 65+ 18 <0.001
U-8-is0-PGF2a (pg/mg Cr) 335+ 156 302 £ 130 371 £ 174 <0.001
Medication
RAS inhibitors, n (%) 194 (48) 116 (56) 78 (40) 0.002
Ca blocker, n (%) 186 (46) 99 (47) 87 (45) 0.646
Statin, n (%) 147 (37) 86 (41) 61 (32) 0.037
Fibrate, n (%) 57 (14) 31 (15) 26 (14) 0.697
Sulfonylurea, n (%) 64 (16) 36 (17) 28 (15) 0.458

Continuous values are mean + SD. CAVI: cardio-ankle vascular index; BMI: body mass index; VFA: visceral fat area; SFA: subcutaneous fat area;
SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; HDL-C: high-density lipo-
protein cholesterol; FBG: fasting blood glucose; HOMA-IR: homeostasis model assessment of insulin resistance; Pre-LpL mass: preheparin serum
lipoprotein lipase mass; U-8-iso-PGF2a: urinary 8-iso-prostaglandinF2a; RAS: renin-angiotensin system; Ca: calcium; SD: standard deviation.

gression analysis, including insulin resistance, low pre-LPL
mass, and elevated oxidative stress. Importantly, high CAVI
itself was also considered an independent predictor of pri-
mary CVD events. Several clinical studies have shown that
CAVI is an important predictor of primary CVD events such
as patients with cardiovascular risk factors, chronic kidney
disease, metabolic syndrome cases, participants of the Ma-
laysian Cohort, and middle-aged patients with obesity [10-
14]. However, the findings obtained in this study represent
the first report demonstrating that CAVI is an independent
predictor of primary CVD events in elderly patients with
obesity. In addition, it has been revealed that a single time-
point measurement of CAVI, together with several biomark-
ers at baseline, was found to predict subsequent primary
CVD events. However, patients with a high CAVI had a
significantly lower frequency of using medications selected
as significant inhibitory factors for primary CVD events in

this study, such as statins and RAS inhibitors, compared with
those with a low CAVI.

Adiposity, diabetes mellitus, and CAVI

Several studies have shown a negative correlation between
CAVIand BMI[19, 20]. In the study limited to elderly patients
with obesity, those with a high CAVI had a significantly low-
er BMI compared to those with a low CAVI, confirming the
negative association between CAVI and BMI. However, in the
studies investigating the relationship between VFA and CAVI,
the patients with a high CAVI had a significantly higher VFA
than those with a low CAVI. A significant association between
CAVI and visceral fat accumulation has been reported in exist-
ing research [21, 22]. In this study, similar results in elderly
patients with obesity were also observed. Several studies have
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Figure 2. Kaplan-Meier curve analysis for the incidence of primary CVD events in all patients. During the observation period,
group H had a significantly higher incidence of primary CVD events than group L (P < 0.001, log-rank test). CVD: cardiovascular

disease.

found that visceral fat accumulation is an important risk factor
for CVD [23-25]. In the present study, the VFA of the patients
who developed primary CVD events was significantly higher
than that of those who did not. However, in the multivariable
Cox regression analysis, the VFA was not selected as a signifi-
cant predictor of primary CVD events. While the importance
of visceral fat accumulation in CVD onset is an undeniable
fact, the novel insights gained from this study suggest that
the increase in the CAVI underlying visceral fat accumulation
plays an important role in the onset of primary CVD events in
elderly patients with obesity.

Several studies have confirmed that diabetes mellitus is
closely related to obesity and is an important risk factor for
the onset of CVD [2, 3, 26, 27]. Moreover, it has been report-
ed that patients with diabetes mellitus tend to have a signifi-
cantly higher CAVI compared to those with normoglycemia
[28]. However, among the elderly patients with obesity in the
present study, the proportion of patients with diabetes mel-
litus among those who developed primary CVD events was
significantly higher than that of those who did not develop
primary CVD events. In addition, the proportion of patients
with diabetes mellitus among those with a high CAVI was also
significantly higher than that of those with a low CAVI. Thus,
these results are consistent with existing reports. However, the
multivariable Cox regression analysis did not consider diabe-
tes mellitus as a significant predictor of primary CVD events.
Thus, the results of this study suggest that in elderly patients
with obesity, the increase in the CAVI underlying the presence
of diabetes mellitus is closely related to the onset of primary
CVD events, and it is important to actively intervene with the
treatment aimed at reducing the CAVI for the prevention of
primary CVD events in elderly patients with obesity and dia-
betes mellitus.

Biomarker and CAVI

Basic and clinical studies have indicated that insulin resist-
ance plays a key role in the progression of atherosclerosis
[29, 30]. In the present study, HOMA-IR, an indicator of in-
sulin resistance, was selected as an independent predictor of
primary CVD events in elderly patients with obesity, suggest-
ing the importance of insulin resistance in the development
of primary CVD events in this population. Moreover, sev-
eral studies have reported a significant association between
insulin resistance and CAVI [16, 31, 32]. The present study
also found that patients with a high CAVI had a significantly
higher HOMA-IR compared with those with a low CAVI,
which is consistent with the findings of existing reports.
These results suggest that improving insulin resistance, pri-
marily through lifestyle modifications such as diet and exer-
cise, can help prevent primary CVD events in elderly patients
with obesity by reducing CAVI. However, recent prospective
studies have shown that pioglitazone, a drug used for improv-
ing insulin resistance, significantly reduced the occurrence
of CVD events [33, 34]. In addition, Ohira et al reported that
pioglitazone improves CAVI in patients with type 2 diabetes
[35]. Unfortunately, no cases of pioglitazone administration
in the study population were observed, making it impossible
to determine whether pioglitazone could be involved in the
prevention of primary CVD events in elderly patients with
obesity. However, based on previous findings, it is expected
that pioglitazone could contribute to the prevention of pri-
mary CVD events in elderly patients with obesity and high
CAVI. Further research is needed to confirm whether this can
be achieved by preventing primary CVD events through a
reduction in the CAVI.
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Table 2. Clinical Characteristics at Registration of Patients With and Without Cardiovascular Disease Events

CVD events (-) CVD events (+)
Characteristics P value
N=312 N=90

Male/female 107/205 40/50 0.131
Age (years) 715 73+£5 0.003
BMI (kg/m?) 27.7+22 27.8+2.3 0.754
VFA (cm?) 129 + 56 153 +£52 <0.001
SFA (cm?) 211 +72 207 +71 0.647
VFA/SFA 0.7+04 0.8+0.5 0.052
Smoker, n (%) 74 (24) 24 (27) 0.675
Hypertension, n (%) 239 (77) 71 (79) 0.65
SBP (mm Hg) 136 + 15 135+ 16 0.788
DBP (mm Hg) 86+ 11 86+ 12 0.999
Dyslipidemia, n (%) 233 (75) 76 (84) 0.053
Diabetes mellitus, n (%) 88 (28) 50 (56) <0.001
LDL-C (mg/dL) 128 +41 127 +35 0.822
TG (mg/dL) 145 + 61 145+ 58 0.996
HDL-C (mg/dL) 49+ 15 50+ 18 0.487
FBG (mg/dL) 106 +23 128 +£25 <0.001
HOMA-IR 19+1.1 34+1.6 <0.001
Pre-LpL mass (ng/mL) 71+£17 59+ 18 <0.001
U-8-iso-PGF2a (pg/mg Cr) 310+ 135 424 + 89 <0.001
RAS inhibitors, n (%) 165 (53) 29 (32) <0.001
Ca blocker, n (%) 149 (48) 37 (41) 0.266
Statin, n (%) 129 (41) 18 (20) <0.001
Fibrate, n (%) 48 (15) 9 (10) 0.198
Sulfonylurea, n (%) 51 (16) 13 (14) 0.665

Continuous values are mean + SD. CVD: cardiovascular disease; BMI: body mass index; VFA: visceral fat area; SFA: subcutaneous fat area; SBP:
systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein
cholesterol; FBG: fasting blood glucose; HOMA-IR: homeostasis model assessment of insulin resistance; Pre-LpL mass: preheparin serum lipopro-
tein lipase mass; U-8-iso-PGF2a: urinary 8-iso-prostaglandinF2a; RAS: renin-angiotensin system; SD: standard deviation.

Several studies have suggested that the pre-LPL mass pre-
sent in the blood prior to heparin intravenous injection shows
lower values in the state of visceral fat accumulation [36], and
it has been considered as an important risk factor for CVD,
particularly coronary artery disease [37-39]. Moreover, in the
present study which specifically targets elderly individuals
with obesity, the pre-LPL mass was selected as an independent
predictor of the onset of primary CVD events, highlighting its
importance as a risk factor for CVD in elderly patients with
obesity. However, the pre-LPL mass of the patients with a high
CAVI was significantly lower than those with a low CAVI.
Moteki et al similarly reported a negative correlation between
the CAVI and pre-LPL mass, which confirms the findings of
this study [40]. Saiki et al reported that the lipoprotein lipase
derived from subcutaneous fat is involved in the reduction of
CAVI in patients with visceral fat accumulation [41]. This fact
suggests that the lipoprotein lipase in subcutaneous fat exhibits
an atheroprotective effect. Thus, the low pre-LPL mass in this

study reflects the pathogenesis of visceral fat accumulation,
highlighting the importance of targeting visceral fat reduction
in the treatment of elderly patients with obesity to prevent pri-
mary CVD events from the perspective of in vivo lipoprotein
lipase activity.

Several studies have reported that oxidative stress plays
an important role in the onset of CVD [42, 43]. In the pre-
sent study, U-8-is0-PGF2a, a representative oxidative stress
marker, was selected as an independent factor predicting pri-
mary CVD events in elderly patients with obesity. However,
the levels of U-8-iso-PGF2a in patients with a high CAVI
were significantly higher than those in patients with a low
CAVI. Several researchers have shown a significant associa-
tion between an elevated CAVI and oxidative stress [44, 45],
which is consistent with the results of the present study. Thus,
the treatments that reduce oxidative stress may facilitate the
prevention of primary CVD events through a reduction in the
CAVL
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Figure 3. Kaplan-Meier curve analysis in patients not using RAS inhibitor and statin. During the observation period, group H had
a significantly higher incidence of primary CVD events than group L (P = 0.013, log-rank test). CVD: cardiovascular disease.

Statin, RAS inhibitor and CAVI

Numerous clinical studies have confirmed that statin and
RAS inhibitors significantly reduce the CVD risk [46, 47].
In the present study, these medications were also associated
with a significant reduction in the onset of primary CVD
events among elderly patients with obesity. However, the fre-
quency of using both medications in the high CAVI group
was significantly lower than that in the low CAVI group.
Several clinical studies have reported that both medications
significantly reduce CAVI. Miyashita et al reported that pita-
vastatin, a type of statin, significantly decreased oxidative

Table 3. Multivariate Cox Regression Analysis for Cardiovas-
cular Disease Events

Variable HR 95% CI P value
Use of RAS inhibitors 0.44 0.27-0.73 0.001
Group H 240 1.37-424 0.002
Pre-LpL mass (< 52 ng/mL) 228 1.46-3.56 0.003
HOMA-IR (= 2.0) 2.16 1.21-3.87 0.009
Age (> 75years) 1.72 1.12-2.64 0.013
Use of Statin 047 0.25-0.89 0.015
U-8-iso-PGF2a (> 310 pg/mg Cr) 1.83 1.11-3.02 0.018
Diabetes mellitus 1.32 0.85-2.06 0.224
VFA (> 130 cm?) 1.29 0.80-2.09 0.304

HR: hazard ratio; Cl: confidence interval; RAS: renin-angiotensin sys-
tem; Pre-LpL mass: preheparin serum lipoprotein lipase mass concen-
tration; HOMA-IR: homeostasis model assessment for insulin resist-
ance; U-8-iso-PGF2a: urinary 8-iso-prostaglandinF2a; VFA: visceral
fat area.

524

stress markers, such as urinary 8-hydroxy-2'-deoxyguano-
sine, serum malondialdehyde-low density lipoprotein, and
CAVI [48]. They also reported that olmesartan, which is one
of the RAS inhibitors, showed a significant relationship be-
tween the decrease in CAVI and the decrease in urinary 8-hy-
droxy-2'-deoxyguanosine due to the medication [49]. Moreo-
ver, it has been suggested that both medications exhibit an
effect of increasing the pre-LPL mass [50-52]. In addition, in
the Kaplan-Meier curve analysis of this study, not only was
there a significant occurrence of primary CVD events in the
high CAVI group compared to the low CAVI group among
all subjects, but also in cases that were not taking statin or
RAS inhibitor. This suggests that, actively using both drugs
in high CAVI cases not taking statins or RAS inhibitors may
help suppress primary CVD events in elderly patients with
obesity through the pathway of oxidative stress suppression
and increase of pre-LpL mass.

Cut-off value of CAVI

In this study, in determining the cut-off value of CAVI for el-
derly patients with obesity, a receiver operating characteristic
curve analysis for primary CVD events was used, resulting
in a value of 9.0. The cut-off value of 9.0 for CAVI has also
been indicated in existing reports [14, 53]. However, in this
study, the cut-off value of 9.0 for CAVI also shows statistically
significant results in the multivariate Cox regression analysis
for primary CVD events. Therefore, targeting a CAVI value
of 9.0 or lower for intervention treatment in elderly patients
with obesity suggests the possibility of suppressing primary
CVD events in elderly patients with obesity. It is necessary to
perform external validation in the future to assess the validity
of the cut-off value obtained from this study.
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Limitations

This study has several limitations. First, the study is single-
center and limited to elderly Japanese patients with obesity.
Therefore, the findings may not be extrapolated to popula-
tions with different obesity phenotypes or risk factor pro-
files. Second, this study showed that a high CAVI is an inde-
pendent predictor in elderly patients with obesity; however,
it did not quantify its additional value against existing risk
scores (e.g., Framingham or assessment of 10-year athero-
sclerotic CVD). In the future, it is desired to strengthen the
claim of the clinical utility of this study’s results by report-
ing C statistics, net reclassification improvement, or inte-
grated discrimination improvement. Third, previous studies
in Japanese patients have shown that eicosapentaenoic acid
(EPA) improves the arterial stiffness, associated with an in-
creased EPA/arachidonic acid (AA) ratio and decreased in-
flammation in patients with obesity with dyslipidemia [54].
The clinical relevance of decreased ratios of serum EPA/
AA and docosahexaenoic acid (DHA)/AA to impaired arte-
rial stiffness has also been reported [55]. However, in the
present study, EPA- and DHA-related data were not found.
Therefore, further study is required to clarify the clinical sig-
nificance of CAVI as a CVD risk factor in elderly patients
with obesity, particularly from perspective of omega-3 fatty
acids. Finally, this study’s results showed that a high base-
line CAVI could be a predictive indicator for primary CVD
events in elderly patients with obesity. However, it is neces-
sary to investigate the extent to which primary CVD preven-
tion is possible through interventions such as active lifestyle
improvements and medications such as pioglitazone, statins,
RAS inhibitors, and omega-3 fatty acids in elderly obese pa-
tients with a high CAVI.

Conclusions

This study demonstrated that CAVI increased in the situation
of visceral fat accumulation and was significantly associated
with important CVD risk factors, such as insulin resistance,
low pre-LPL mass, and elevated oxidative stress in Japanese el-
derly patients with obesity. Furthermore, a high baseline CAVI
was found to be a useful predictor of primary CVD events in
these patients. Considering the limitations of this study, further
research is needed to determine the extent to which primary
CVD prevention is possible through interventions such as ac-
tive lifestyle improvements and medications in elderly patients
with obesity and high CAVI.
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