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Original Article

Aim: Obesity is a social problem due to the prevalence of the Western lifestyle. In particular, visceral fat accumu-
lation, which is a main component of metabolic syndrome, is closely associated with the progression of athero-
sclerosis. This study aimed to investigate the relationships of obesity-related indices and metabolic syndrome 
with subclinical atherosclerosis in middle-aged untreated workers.

Methods: Employees undergoing their periodic health check-up but without previous cardiovascular events or 
cardiovascular medications were enrolled in this study (n=7,750). Body mass index (BMI), percent body fat, 
waist circumference, and visceral fat area were evaluated as obesity-related indices. Assessment of visceral fat area 
was performed by computed tomography (CT). Subclinical atherosclerosis was assessed by measuring arterial 
stiffness using cardio-ankle vascular index (CAVI) and by ultrasound examination of carotid intima-media thick-
ness (IMT).

Results: Obesity-related indices were significantly correlated with each other and were positively associated with 
carotid IMT but negatively associated with CAVI in multivariate regression analysis. In a logistic regression anal-
ysis including CAVI and carotid IMT simultaneously, CAVI was negatively associated, but carotid IMT was pos-
itively associated, with obesity defined by each obesity-related index. In contrast, both CAVI and carotid IMT 
were positively associated with the presence of metabolic syndrome based on visceral fat accumulation.

Conclusions: Obesity-related indices were negatively associated with CAVI and positively associated with 
carotid IMT in middle-aged untreated workers, while both CAVI and carotid IMT were worsened in the pres-
ence of metabolic syndrome.

index (BMI) is simply calculated by anthropometric 
measurements of body weight and body height and is 
conveniently and widely used for the diagnosis of obe-
sity1-3). The World Health Organization (WHO) defines 
the conditions of being overweight and obesity based 
on a BMI ≥ 25 kg/m2 and ≥ 30 kg/m2, respectively, and 

1. Introduction

Overweight and obesity are becoming a global 
health care problem with the increasing prevalence of 
the Western lifestyle, not only in industrialized coun-
tries but also in developing countries1-3). Body mass 

Copyright©2020 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

Address for correspondence: Tomonori Sugiura, Department of Cardiology, Nagoya City University Graduate School of Medical Science, 1 Kawasumi, Mizuho-
cho, Mizuho-ku, Nagoya 467-8601, Japan      E-mail: tomosugi@med.nagoya-cu.ac.jp

Received: April 30, 2019      Accepted for publication: July 15, 2019

Key words: Obesity, Metabolic syndrome, Atherosclerosis, Cardio-ankle vascular index, 
Carotid intima-media thickness

Relationships of Obesity-Related Indices and Metabolic Syndrome 
with Subclinical Atherosclerosis in Middle-Aged Untreated 
Japanese Workers

Tomonori Sugiura1, 3, Yasuaki Dohi2, 3, Yasuyuki Takagi3, 4, Naofumi Yoshikane3, Mitsuhisa Ito3, 
Kenji Suzuki3, Takashi Nagami3, Mitsunori Iwase4, Yoshihiro Seo1 and Nobuyuki Ohte1

1  Department of Cardiology, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan
2Department of Internal Medicine, Faculty of Rehabilitation Science, Nagoya Gakuin University, Nagoya, Japan
3Health Support Center WELPO, Toyota Motor Corporation, Toyota, Japan
4Toyota Memorial Hospital, Toyota, Japan



Middle-Aged Obesity with Atherosclerosis

343

2009 for a periodic health check-up were screened. All 
employees received annual medical examinations in 
accordance with the Industrial Safety and Health Law 
of Japan. All obtained data were supplied from medi-
cal examination records. Of the 15,764 people screened, 
4,881 individuals were excluded due to blank ques-
tionnaires, non-workers (spouses), or uncertain work-
style. Then, 3,133 individuals taking medication were 
excluded to eliminate the effects of medications, and 
data from the remaining 7,750 untreated employees 
were finally used for the analysis.

Participants were instructed to fast overnight before 
the examination. The physical examination included 
body height, body weight, and percent body fat, mea-
sured using an automated BF-220 instrument equipped 
with a bioelectrical impedance analyzer system (Tanita, 
Tokyo, Japan). Waist circumference was measured at 
the level of the umbilicus in a standing position while 

recently at least 2.8 billion people worldwide were esti-
mated to be overweight or obese1-3).

Obesity has been shown to be associated with 
cardiovascular disease and all-cause death4-6). Increas-
ing visceral adipose tissue and fat, rather than subcuta-
neous fat, are associated with insulin resistance and 
vascular inflammation, leading to the development of 
multiple metabolic disorders7-10). The overlapping or 
combination of metabolic disruptions, including vis-
ceral fat accumulation, lipid metabolism disorder, ele-
vated blood pressure, and impaired fasting glucose con-
stitute metabolic syndrome, which is considered to be a 
high-risk condition for future cardiovascular events11-14). 
Hence, visceral fat accumulation evaluated by com-
puted tomography (CT) could be a reliable risk factor 
for atherosclerotic cardiovascular disease. Alternatively, 
the anthropometric measurement of waist circumfer-
ence is just as simple as calculating BMI and gives us 
additional information regarding the approximate 
abdominal fat content without CT equipment8, 11).

Although obesity is generally accepted as a risk 
factor for the promotion of atherosclerosis, the rela-
tionship between obesity and arterial stiffness, which 
reflects the functional profile of early-stage arterioscle-
rosis, has not been consistent among the reports15-20). 
Particularly, the relationship between visceral fat accu-
mulation and arterial stiffness has not to date been 
sufficiently investigated. We then hypothesized that the 
impact of visceral fat accumulation on subclinical ath-
erosclerosis might be different from the impact of other 
obesity-related indices, such as BMI and percent body 
fat.

2. Aim

The aim of this present study was to investigate 
the relationship of obesity-related indices and meta-
bolic syndrome with subclinical atherosclerosis in mid-
dle-aged untreated workers.

3. Methods

The present study enrolled individuals attending 
their periodic physical check-up and the study proto-
col was approved by the Ethics Committee of the Toy-
ota Memorial Hospital. The study was performed in 
accordance with the principles of the Declaration of 
Helsinki.

3.1. Study Participants
In this study, a total of 15,764 individuals who 

visited the Health Support Center WELPO, the health 
care institute for employees of the Toyota Motor Cor-
poration (Toyota, Japan) and their spouses, in 2008 –

Table 1. Characteristics of all the study participants.

Variable
Total participants

(n=7,750)

Age (years)
Male gender, n (%)
Current smoking, n (%)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Creatinine (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Triglyceride (mg/dL)
FBG (mg/dL)
HbA1c (%)
Obesity-related indices

Body mass index (kg/m2)
Percent body fat (%)
Waist circumference (cm)
Visceral fat area (cm2)

Diagnosis of metabolic syndrome
Based on abdominal obesity, n (%)
Based on visceral fat accumulation, n (%)

Examination for subclinical atherosclerosis
CAVI
Carotid IMT (mm)

45.3±8.1
7135 (92.1)
3035 (39.2)
118±14
75±9

0.80±0.13
60±16

119±28
114±75

94±13
5.6±0.5

22.8±3.0
21.6±5.3
81.5±8.2
59.7±37.3

411 (5.3)
277 (3.6)

7.3±0.8
0.55±0.11

Data are presented as the mean±standard deviation or as n (%).
BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; 
HbA1c, glycated hemoglobin A1c; CAVI, cardio-ankle vascular 
index; IMT, intima-media thickness.
Metabolic syndrome based on abdominal obesity was diagnosed by a 
waist circumference ≥ 85 cm for men and ≥ 90 cm for women. Meta-
bolic syndrome based on visceral fat accumulation was diagnosed by 
a visceral fat area ≥ 100 cm2 using computed tomography.
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3.3. Assessment of Arterial Stiffness
Assessment of arterial stiffness was performed by 

CAVI using a Vasera VS-1000 automatic system (Fukuda 
Denshi, Tokyo, Japan), as previously described29). CAVI 
was recorded after resting in the supine position. Elec-
trocardiogram electrodes and a microphone were placed 
on both wrists and on the sternum to detect heart 
sounds. Cuffs were wrapped around both upper arms 
and both ankles. Cardio-ankle pulse wave velocity was 
calculated by dividing the distance from the aortic 
valve to the ankle artery with the sum of the difference 
between the time the pulse waves were transmitted to 
the brachium and the time the same waves were trans-
mitted to the ankle, and the time difference between 
the second heart sound on the phonocardiogram and 
that on the notch of the brachial pulse wave. CAVI is 
calculated by the stiffness parameter β in the follow-
ing equation: CAVI=a[2ρ/Pp×[ln Ps/Pd] PWV2]＋b 
(where a, b=constants; ρ=blood density; Pp=pulse 
pressure; Ps= systolic pressure; Pd=diastolic pressure; 
and PWV=cardio-ankle pulse wave velocity). Theo-
retically, CAVI is not affected by BP. The mean CAVI 
of each side was used for the analysis.

3.4. Assessment of Carotid Artery IMT and Plaque 
Presence

Assessment of carotid artery IMT was performed 
by ultrasound using an Aplio 500 device (Cannon 
Medical Systems, Otawara, Japan), as previously de-
scribed27). All estimations of carotid IMT and plaque 
were performed by well-trained clinical laboratory tech-
nicians who were blinded to other clinical informa-
tion. Common carotid artery IMT and the presence 
of plaque were evaluated by the manual method using 
a 7.5 MHz frequency probe. All participants were ex-
amined in the supine position. IMT was measured in 
the far wall at ~20 mm from the carotid bifurcation 
using recorded images of the carotid artery. The mean 
common carotid artery IMT of each side was used for 
the analysis.

breathing normally (and at the end of expiration while 
breathing gently). Systolic and diastolic blood pres-
sures (BP) were measured using a validated oscillomet-
ric technique in a seated position. Blood samples were 
taken from the antecubital vein in the morning for 
laboratory measurements. For assessment of arterial 
stiffness, the cardio-ankle vascular index (CAVI) was 
measured. Then, ultrasound examination and CT imag-
ing were performed for measurement of carotid intima-
media thickness (IMT) and visceral fat area (VFA). 
Participants with a systolic BP ≥140 mmHg and dia-
stolic BP ≥ 90 mmHg were defined as having hyper-
tension21). Participants with high-density lipoprotein 
cholesterol (HDL-C) levels ＜40 mg/dL, low-density 
lipoprotein cholesterol (LDL-C) levels ≥ 140 mg/dL, 
or triglycerides ≥150 mg/dL were defined as having 
dyslipidemia22). Participants presenting with a fasting 
blood glucose (FBG) level ≥ 126 mg/dL were defined 
as having diabetes23). Participants with a BMI ≥ 25 kg/
m2, percent body fat ≥ 25% for men and ≥30% for 
women, waist circumference ≥85 cm for men and ≥90 
cm for women, and VFA  ≥ 100 cm2 for both men 
and women were defined as having general obesity, 
body fat obesity, abdominal obesity, and visceral fat 
obesity, respectively11, 12, 24-26). Metabolic syndrome was 
defined based on either abdominal obesity or visceral 
fat obesity and two or more of the following three cri-
teria: (1) triglyceride ≥ 150 mg/dL and/or HDL-C ＜
40 mg/dL; (2) systolic BP ≥ 130 mmHg and/or dia-
stolic BP ≥85 mmHg; and (3) FBG ≥110 mg/dL11).

3.2. Biochemical Analyses
Biochemical tests, which were inclusive of deter-

mination of total cholesterol; LDL-C; HDL-C; tri-
glycerides; creatinine; and FBG, were performed using 
standard laboratory assays as previously described27). 
Concentrations of glycated hemoglobin A1c (HbA1c) 
were measured by high-performance liquid chroma-
tography and expressed according to the National Gly-
cohemoglobin Standardization Program28).

Table 2.  Results of univariate regression analysis showing relationships among obesity-related indices, cardio-ankle vascular index, 
and carotid intima-media thickness in all participants (n=7,750).

Variable
BMI PBF WC VFA CAVI Carotid IMT

r P value r P value r P value r P value r P value r P value

BMI
PBF
WC
VFA

–
0.757
0.884
0.666

–
＜0.0001
＜0.0001
＜0.0001

0.757
–

0.723
0.588

＜0.0001
–

＜0.0001
＜0.0001

0.884
0.723

–
0.757

＜0.0001
＜0.0001

–
＜0.0001

0.666
0.588
0.757

–

＜0.0001
＜0.0001
＜0.0001

–

－0.186
－0.154
－0.064

0.082

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.170
0.069
0.199
0.220

＜0.0001
＜0.0001
＜0.0001
＜0.0001

BMI, body mass index; PBF, percent body fat; WC, waist circumference; VFA, visceral fat area; CAVI, cardio-ankle vascular index; IMT, intima-
media thickness.
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3.6. Statistical Analysis
Data were analyzed using SPSS Statistics 19 (IBM 

Corp., Chicago, IL, USA). Dichotomous variables (gen-
der and smoking status) were assigned a value of 0 
(female and non-smoking) or one (male and smok-
ing). Data with a normal distribution are expressed as 
mean±standard deviation (SD). Comparative analyses 
of continuous variables were performed using t-tests. 
Univariate and multivariate regression analyses were 
performed as appropriate. Logistic regression analyses 
were performed to determine the independent vari-
ables. A two-tailed P＜0.05 value was considered sig-
nificant.

3.5. Assessment of VFA
Assessment of VFA was performed by CT imag-

ing using an Aquillion system (Cannon Medical Sys-
tems), as previously described27). The umbilicus was 
assessed for areas of visceral and subcutaneous fat in 
accordance with the guidelines for obesity treatment 
set by the Japan Society for the Study of Obesity. Mod-
ified measurement levels were adopted in cases of appar-
ently low umbilical body type. Image analysis software 
SlimVision V4.0 (Cybernet Systems, Tokyo, Japan) was 
used at an attenuation range of -70 to -160 Houn-
sfield units to quantify abdominal areas of adipose tis-
sue. The VFA was defined as intra-abdominal fat bound 
by the parietal peritoneum or transversalis fascia.

Table 3.  Results of multiple regression analysis showing the association of cardio-ankle vascular 
index and/or each obesity-related index with carotid mean intima-media thickness in all 
participants (n=7,750)

a) Analysis using either CAVI or each obesity-related index as an independent variable

Variable

Carotid mean intima-media thickness

Model 1 Model 2

Coefficient (β) P value Coefficient (β) P value

CAVI
Body mass index
Percent body fat
Waist circumference
Visceral fat area

0.022
0.173
0.123
0.159
0.128

0.065
＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.013
0.140
0.075
0.124
0.085

0.265
＜0.0001
＜0.0001
＜0.0001
＜0.0001

CAVI, cardio-ankle vascular index.
Model 1 was adjusted for age, gender, and smoking status.
Model 2 was further adjusted for systolic blood pressure, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, triglyceride, fasting blood glucose, and creatinine, plus those for Model 1.

b) Analysis using both CAVI and each obesity-related index as independent variables

Variable

Carotid mean intima-media thickness

Model 1 Model 2

Coefficient (β) P value Coefficient (β) P value

CAVI
Body mass index

0.074
0.188

＜0.0001
＜0.0001

0.058
0.155

＜0.0001
＜0.0001

CAVI
Percent body fat

0.037
0.126

＜0.01
＜0.0001

0.023
0.077

0.056
＜0.0001

CAVI
Waist circumference

0.052
0.166

＜0.0001
＜0.0001

0.038
0.131

＜0.01
＜0.0001

CAVI
Visceral fat area

0.030
0.130

＜0.05
＜0.0001

0.019
0.089

0.104
＜0.0001

CAVI, cardio-ankle vascular index.
Model 1 was adjusted for age, gender, and smoking status.
Model 2 was further adjusted for systolic blood pressure, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, triglyceride, fasting blood glucose, and creatinine, plus those for Model 1.
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tion coefficient was observed between percent body 
fat and VFA. Each obesity-related index was positively 
correlated with mean carotid IMT in univariate regres-
sion analysis (Table 2). On the other hand, VFA was 
positively correlated with CAVI while the other obe-
sity-related indices were negatively correlated with CAVI 
(Table 2). To investigate whether CAVI and/or each 
obesity-related index predicts atherosclerosis, we con-
ducted multiple regression analysis taking carotid IMT 
as an dependent variable (Table 3) and logistic regres-
sion analysis with the endpoint of carotid atheroscle-
rosis (carotid IMT greater than 1.1 mm30)) (Table 4). 
These additional analyses showed that the CAVI was 
partially associated with the carotid IMT in the multi-

4. Results

Of the 7,750 individuals enrolled in the study, 
the majority (92.1%) were men (Table 1). The num-
ber of participants (percentage of total) who met the 
diagnostic criteria of metabolic syndrome based on 
waist circumference (85 cm for men or 90 cm for 
women) was 411 (5.3%), while 277 participants (3.6%) 
were diagnosed with true metabolic syndrome based 
on visceral fat obesity defined by a VFA ≥ 100 cm2.

The obesity-related indices were significantly cor-
related with each other (Table 2). Among them, the 
highest correlation coefficient was observed between 
BMI and waist circumference while the lowest correla-

Table 4.  Results of logistic regression with the endpoint of carotid atherosclerosis (intima-media thickness ≥ 1.1mm) in all partici-
pants (n=7,750)

a) Analysis using either CAVI or each obesity-related index as an independent variable

Variable

Carotid atherosclerosis (IMT ≥ 1.1 mm)

Model 1 Model 2

Odds ratio 95% CI P value Odds ratio 95% CI P value

CAVI
Body mass index
Percent body fat
Waist circumference
Visceral fat area

1.214
1.029
1.020
1.023
1.003

1.105 –1.128
1.004 –1.054
1.006 –1.034
1.014 –1.031
1.001 –1.004

＜0.0001
＜0.05
＜0.01

0.060
＜0.01

1.170
0.993
0.999
0.995
1.001

1.059–1.293
0.966–1.021
0.983–1.015
0.985–1.006
0.998–1.002

＜0.01
0.611
0.918
0.370
0.988

CAVI , cardio-ankle vascular index; IMT, intima-media thickness; CI, confidence interval.
IMT ≥ 1.1 mm indicates having carotid atherosclerosis.
Model 1 was adjusted for age, gender, and smoking status.
Model 2 was further adjusted for systolic blood pressure, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, fast-
ing blood glucose, and creatinine, plus those for Model 1.

b) Analysis using both CAVI and each obesity-related index as independent variables

Variable

Carotid atherosclerosis (IMT ≥ 1.1 mm)

Model 1 Model 2

Odds ratio 95% CI P value Odds ratio 95% CI P value

CAVI
Body mass index

1.247
1.039

1.129 –1.377
1.014 –1.065

＜0.0001
＜0.01

1.173
1.003

1.059–1.300
0.975–1.032

＜0.01
0.825

CAVI
Percent body fat

1.222
1.021

1.108 –1.347
1.007 –1.035

＜0.0001
＜0.01

1.171
1.001

1.059–1.294
0.985–1.017

＜0.01
0.887

CAVI
Waist circumference

1.227
1.010

1.112 –1.353
1.001 –1.019

＜0.0001
＜0.05

1.166
0.998

1.054–1.290
0.987–1.008

＜0.01
0.634

CAVI
Visceral fat area

1.214
1.003

1.101 –1.338
1.001 –1.004

＜0.001
＜0.01

1.170
1.001

1.059–1.293
0.998–1.002

＜0.001
0.917

CAVI , cardio-ankle vascular index; IMT, intima-media thickness; CI, confidence interval.
IMT ≥ 1.1 mm indicates having carotid atherosclerosis.
Model 1 was adjusted for age, gender, and smoking status.
Model 2 was further adjusted for systolic blood pressure, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, fast-
ing blood glucose, and creatinine, plus those for Model 1.
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tively associated with the presence of metabolic syn-
drome, however the odds ratio for IMT was greater 
than for CAVI when the metabolic syndrome was 
based on visceral fat obesity. The observed inconsisten-
cies between the relationships of obesity-related indi-
ces with regard to CAVI and to IMT in middle-aged 
untreated workers may suggest that the progression of 
atherosclerosis might be underestimated when evalu-
ated only by a single measurement of CAVI in the 
early stages of atherosclerosis.

General obesity and abdominal obesity are easily 
diagnosed by the measurement of BMI and waist cir-
cumference, respectively. Several investigators have sug-
gested that the definition of obesity using BMI should 
be different in Asian people compared to Caucasian 
people, since the proportion of bone and muscle mass 
and distributions of body fluid are different in Asian 
and Caucasian people24, 25). Actually, the Japanese guide-
lines for obesity adopt BMI ≥ 25 kg/m2 as the defini-
tion of obesity24). Thus, BMI should be carefully 
employed when comparing individuals with apparently 
different body types. However, it is often difficult to 
distinguish excess body fat using BMI, since weight 
gain could be derived not only from body fat but also 
from bone or muscle31, 32). The measurement of per-
cent body fat, defined as the proportion of body fat 
mass to body weight, can be easily measured with a 
bioelectrical impedance analyzer by an automated appa-

ple regression analysis and was independently associ-
ated with carotid atherosclerosis in the logistic regres-
sion analysis.

On the other hand, logistic regression analyses 
with the endpoint of “obesity” for each obesity-related 
index showed that CAVI was negatively associated with 
the obesity criteria where IMT was positively associ-
ated with the obesity criteria (Table 5). In contrast, 
logistic regression analysis with the endpoint of meta-
bolic syndrome, based on either waist circumference 
or VFA, revealed that both CAVI and IMT were posi-
tively associated with the presence of metabolic syn-
drome (Table 6).

5. Discussion

The main findings of the present study are that: 
(i) the evaluated obesity-related indices, including BMI, 
percent body fat, waist circumference, and VFA, were 
significantly correlated with each other; (ii) all of the 
obesity-related indices were positively associated with 
IMT but negatively associated with CAVI in multivar-
iate regression analysis; (iii) CAVI was negatively asso-
ciated, but IMT was positively associated, with obesity 
in logistic regression analysis where both CAVI and 
IMT were simultaneously included; and (iv) logistic 
regression analysis with the endpoint of metabolic syn-
drome revealed that both CAVI and IMT were posi-

Table 5. Results of logistic regression analysis with the endpoint of “obesity” based on each obesity-related criterion (n=7,750).

Variable

General obesity Body fat obesity Abdominal obesity Visceral fat obesity

Odds ratio
(95% CI)

P value
Odds ratio
(95% CI)

P value
Odds ratio
(95% CI)

P value
Odds ratio
(95% CI)

P value

Model 1

CAVI, per 1.0
0.501

(0.456–0.550)
＜0.0001

0.783
(0.718–0.852)

＜0.0001
0.637

(0.589–0.690)
＜0.0001

0.853
(0.773–0.942)

＜0.0001

Carotid IMT, per 0.1 mm
1.408

(1.396–1.569)
＜0.0001

1.304
(1.233–1.379)

＜0.0001
1.408

(1.377–1.482)
＜0.0001

1.302
(1.222–1.387)

＜0.0001

Model 2

CAVI, per 1.0
0.442

(0.399–0.489)
＜0.0001

0.751
(0.686–0.824)

＜0.0001
0.579

(0.532–0.631)
＜0.0001

0.782
(0.703–0.870)

＜0.0001

Carotid IMT, per 0.1 mm
1.327

(1.246–1.414)
＜0.0001

1.163
(1.095–1.236)

＜0.0001
1.285

(1.216–1.359)
＜0.0001

1.170
(1.093–1.252)

＜0.0001

CAVI, cardio-ankle vascular index; IMT, intima-media thickness; CI, confidence interval.
General obesity was diagnosed by a body mass index ≥ 25 kg/m2. Body fat obesity was diagnosed by a percent body fat ≥ 25% for men or ≥ 30% 
for women. Abdominal obesity was diagnosed by a waist circumference ≥ 85 cm for men or ≥ 90 cm for women. Visceral fat obesity was diagnosed 
by a visceral fat area ≥ 100 cm2.
Model 1 was adjusted for age, gender, and smoking status. 
Model 2 was further adjusted for systolic blood pressure, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, fast-
ing blood glucose, and creatinine, plus those for Model 1.
The cardio-ankle vascular index and intima-media thickness were simultaneously included as independent variables in both models.
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considered as a physiological adaptation to the hyper-
emic state of obesity and a transient response in this 
period17, 18). The present study showed in a multiple 
regression analysis that CAVI was partially associated 
with carotid IMT and showed in a logistic regression 
analysis that CAVI was independently associated with 
carotid atherosclerosis. CAVI itself might not be a sig-
nificant predictor for IMT, but the adjustment for 
obesity-related indices made CAVI a significant pre-
dictor for IMT. This implies that obesity has an unfa-
vorable influence on CAVI measurements as an index 
of atherosclerosis, which is compatible with the nega-
tive association between obesity and CAVI observed 
in the present study. Consequently, both CAVI and 
each obesity-related index have a significant impact on 
the carotid IMT.

Since obesity and adiposity are basic concepts of 
metabolic syndrome, we investigated the association 
between the presence of metabolic syndrome and CAVI 
or carotid IMT. Although literature regarding the rela-
tionship between CAVI and metabolic syndrome has 
been previously published, VFA had not been evalu-
ated by CT imaging in these previous reports40, 45, 46). 
The Japanese guidelines recommend that people who 
fulfill the criteria of metabolic syndrome based on waist 
circumference should be measured for visceral fat 
accumulation by CT imaging, and people with a VFA 
≥ 100 cm2 are diagnosed as having true metabolic syn-
drome11). In previous studies, based on visceral fat accu-
mulation by CT imaging both CAVI and IMT were 
not simultaneously assessed in relation to metabolic 
syndrome45-49). The present study revealed that both 
CAVI and carotid IMT had a positive association with 
metabolic syndrome defined by a VFA ≥ 100 cm2. 
Nagayama et al. in their study reported a negative rela-

ratus, could be a useful tool for distinguishing body 
fat from other body compositions, such as bone and 
muscle, but it has not to date been sufficiently validated 
and, thus, is often used in combination with BMI33-37). 
Moreover, percent body fat is totally calculated with-
out the separation of subcutaneous and visceral fat 
content. On the other hand, VFA highlights a differ-
ent aspect of obesity from BMI or percent body fat, 
and anthropometric measurement of waist circumfer-
ence is an alternative method to identify visceral fat-
related abdominal obesity7-10).

There have been some previous studies that have 
reported a positive relationship between CAVI and VFA, 
but the number of enrolled individuals was less than 
50038-40). Thus, a further study with a large number of 
people was needed to ascertain the conclusion. Hence, 
in the present study, we investigated the association 
between CAVI and obesity-related indices, including 
waist circumference and VFA, and demonstrated that 
both abdominal obesity and visceral fat obesity, as well 
as general obesity, had similar impacts on CAVI in 
middle-aged participants. Strikingly, VFA, as well as 
the other obesity-related indices evaluated in the pres-
ent study, was positively associated with the progres-
sion of carotid IMT but negatively associated with 
CAVI. CAVI is a functional index calculated from 
physiological parameters and is pathologically charac-
terized by decreased arterial elasticity following the 
loss of elastic fiber content, while carotid IMT repre-
sents morphological changes due to pathological thick-
ening in the vascular wall41-44). Although the detail of 
the mechanisms are not clearly understood, a negative 
association between CAVI and BMI has also been 
reported previously in children and young adults17, 18). 
In these previous studies, the negative association was 

Table 6. Results of logistic regression analysis with the endpoint of metabolic syndrome in all participants (n=7,750).

Variable
Based on abdominal obesity Based on visceral fat obesity

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Model 1
CAVI, per 1.0
Carotid IMT, per 0.1 mm

1.339 (1.197 –1.499)
1.309 (1.217 –1.409)

＜0.0001
＜0.0001

1.188 (1.003 –1.406)
1.439 (1.292 –1.602)

＜0.05
＜0.0001

Model 2
CAVI, per 1.0
Carotid IMT, per 0.1 mm

1.338 (1.196 –1.497)
1.311 (1.218 –1.411)

＜0.0001
＜0.0001

1.191 (1.006 –1.409)
1.485 (1.288 –1.598)

＜0.05
＜0.0001

CAVI, cardio-ankle vascular index; IMT, intima-media thickness; CI, confidence interval.
Endpoint of analysis fulfilled the criteria of metabolic syndrome, which is a combination of either abdominal obesity (waist circumference ≥ 85 cm 
for men and ≥ 90 cm for women) or visceral fat obesity (visceral fat area ≥ 100 cm2) and two other risk factors from lipid metabolism disorder (tri-
glyceride ≥150 mg/dL and/or high-density lipoprotein cholesterol ＜40 mg/dL), high blood pressure (systolic blood pressure ≥ 130 mmHg and/or 
diastolic blood pressure ≥85 mmHg), or high fasting blood glucose (fasting blood glucose ≥110 mg/dL).
Model 1 was adjusted for age, gender, and smoking status.
Model 2 was further adjusted for creatinine, plus those for Model 1.
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other and had significant associations with the exami-
nation of subclinical atherosclerosis in middle-aged un-
treated workers. Inconsistencies were observed between 
visceral fat accumulation and early-stage atherosclero-
sis with CAVI preserved but carotid IMT increased, 
while both carotid IMT and CAVI were worsened with 
the development of metabolic syndrome.
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