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Abstract
Introduction: Abdominal obesity as a risk factor for diagnos-
ing metabolic syndrome (MetS) is evaluated using waist cir-
cumference (WC), although WC does not necessarily reflect 
visceral adiposity. This cross-sectional study aimed to clarify 
whether replacing WC with “A Body Shape Index (ABSI),” an 
abdominal obesity index, in MetS diagnosis detects individ-
uals with arterial stiffening assessed by cardio-ankle vascular 
index (CAVI). Methods: A retrospective cross-sectional study 
was conducted in 46,872 Japanese urban residents (median 
age 40 years) who underwent health screening. Exclusion 
criteria were current treatments and a past history of cardio-
vascular disease (CVD). The Japanese, International Diabetes 
Federation, and NCEP-ATPIII criteria were used to diagnose 
MetS. High CAVI was defined as CAVI ≥9.0. Results: CAVI cor-
related positively with ABSI (β = 0.127), but negatively with 
WC (β = −0.186), independent of age, sex, systolic blood 

pressure, fasting plasma glucose, and high-density lipopro-
tein--cholesterol. Receiver operating characteristic (ROC) 
analysis showed that ABSI had a stronger contribution to 
high CAVI (area under the ROC curve [AUC] = 0.730) than WC 
(AUC = 0.595) and body mass index (AUC = 0.520). ABSI 
≥0.080 was defined as abdominal obesity based on the re-
sults of ROC analysis for high CAVI and estimated glomerular 
filtration rate <60 mL/min/1.73 m2. Logistic regression anal-
ysis revealed that replacing high WC with ABSI ≥0.080 in 
MetS diagnosis enhanced the detection of subjects with 
high CAVI. Discussion/Conclusion: Use of ABSI can detect 
subjects with arterial stiffening, which may lead to efficient 
stratification of CVD risk. Further studies are needed to con-
firm whether MetS diagnosis using ABSI predicts CVD mor-
bidity and mortality. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

In patients with metabolic syndrome (MetS), visceral 
fat accumulation plays an essential role in the develop-
ment of multiple cardiovascular disease (CVD) risks in-
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cluding elevated blood pressure (BP), glucose intoler-
ance, and dyslipidemia [1, 2]. Several epidemiological 
studies have demonstrated that MetS increases the risk of 
not only all-cause mortality but also CVD morbidity and 
mortality [3–5]. In the last 2 decades, the concept of MetS 
has been established, and various diagnostic criteria of 
MetS have been published by several academic societies, 
such as the National Cholesterol Education Program-
Adult Treatment Panel III (NCEP-ATPIII) [6], Interna-
tional Diabetes Federation (IDF) [7], and the Japanese 
Society of Internal Medicine [8]. However, the validity of 
these criteria is controversial. Sundström et al. [9] claimed 
that MetS does not necessarily predict CVD risk above 
and beyond its individual components. In addition, Reav-
en [10] emphasized that there are many non-MetS pa-
tients who are clearly at higher risk of CVD than MetS 
patients.

Arterial stiffness reflects vascular aging and reduced 
elasticity of the artery, and is used as a predictor of CVDs 
[11]. Pulse wave velocity (PWV) is a typical index of sys-
temic arterial stiffness. However, PWV is not reproduc-
ible because it essentially depends on the BP at the time 
of measurement [12]. Cardio-ankle vascular index 
(CAVI) was developed to reflect the stiffness of the arte-
rial tree from the origin of the aorta to the ankle, indepen-
dent of BP at the time of measurement [13, 14]. CAVI has 
been reported to be associated positively with a number 
of CVD risk factors [15–17], severity of CVD [18], and 
future CVD events [19]. Besides, we reported that body 
mass index (BMI) is inversely related to CAVI [20], even 
though increase in BMI contributes to the incidence of 
obesity-related metabolic disorders. European Associa-
tion for the Study of Obesity (EASO) restructured the def-
inition of obesity in International Classification of Dis-
eases-11th revision and proposed the concept of adiposi-
ty-based chronic disease (ABCD). It emphasized 3 aspects 
of adiposity: total amount, distribution, and function of 
adipose tissue [21]. Moreover, it is generally accepted that 
obesity is classified into intra-abdominal fat obesity (vis-
ceral fat obesity) and extra-abdominal fat obesity (subcu-
taneous fat obesity). The former is also called “malignant 
obesity” because it is associated with various metabolic 
diseases, so-called MetS [22]. We have previously report-
ed the association of CAVI with an abdominal obesity 
index [23] and that visceral fat reduction is directly re-
lated to reduced CAVI [24], suggesting that CAVI reflects 
vascular toxicity caused by visceral fat accumulation. 
These findings infer that CAVI can discriminate between 
malignant and nonmalignant obesity. On the other hand, 
MetS diagnosed by the current criteria containing waist 

circumference (WC) is not necessarily associated with 
systemic arterial stiffening assessed by CAVI [25–28]. 
This finding seems to be consistent with the inverse as-
sociation of CAVI with BMI and the imprecision of MetS 
as a CVD risk, as described earlier. We thus hypothesized 
that this incongruous phenomenon may be attributed to 
the uncertainty of WC as a predictor of visceral fat accu-
mulation.

Currently, visceral fat area at the umbilical level is 
measured by computed tomography and is generally con-
sidered the gold standard for quantification of visceral fat. 
However, computed tomography is expensive and not al-
ways available is smaller clinical settings, making it diffi-
cult to use in routine clinical practice. Therefore, many 
abdominal obesity indices using anthropometric mea-
surements have been established. “A Body Shape Index 
(ABSI)” is calculated by dividing WC by an allometric 
regression of weight and height [29], and is probably the 
only BMI-independent abdominal obesity index [23, 30]. 
ABSI reflects visceral fat accumulation well [31, 32], and 
is suitable in screening at-risk populations [33]. We have 
reported that increased ABSI reflects not only severity of 
metabolic disorders, but also systemic arterial stiffening 
indicated by high CAVI in Japanese general population 
[23]. Furthermore, a large European cohort study has also 
reported that ABSI predicts all-cause and CVD mortality 
with linear association, rather than U- or J-shaped asso-
ciation seen in BMI, WC, or waist-to-height ratio [30]. 
With the above background, we sought to investigate 
whether there is room for improvement of the current 
diagnostic criteria for MetS.

Materials and Methods

Subjects and Design
We performed a retrospective cross-sectional study in Japanese 

urban residents who underwent health screening between April 
2010 and March 2019 in Japan.

Data Collection and MetS Criteria
The population-based sample used in the present analysis com-

prised 76,720 Japanese subjects residing in major cities nationwide 
who participated in the CVD and cancer screening program orga-
nized by the Japan Health Promotion Foundation. Participants 
were volunteers who were not paid and were not recruited for this 
study (unlike subjects of a clinical trial). Since CAVI is modified 
by treatments for metabolic disorders and CVD, subjects taking 
any medication and/or having a history of heart disease, treatment 
for hypertension, stroke, diabetes, nephritis, or gout were exclud-
ed. We finally enrolled 46,872 subjects in the present study.

All parameters were assessed using standardized methods. 
Height and body weight (BW) were measured, and BMI was cal-
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culated as follows: BW (kg) divided by square of height (m). WC 
was measured horizontally at the level of the umbilicus, with the 
participant standing and arms hanging relaxed. ABSI was calcu-
lated by the following formula: ABSI = WC/BMI2/3 × height1/2 [29]. 
Currently, an online calculator implementing the derived formu-
las for anthropometric risk indicators including ABSI is freely 
available at https://nirkrakauer.net/sw/ari-calculator.html.

Blood samples were collected from the antecubital vein in the 
morning after 12 h of fasting to measure fasting plasma glucose 
(FPG), triglycerides (TG), and high-density lipoprotein--choles-
terol (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 pa-
tients with TG ≥400 mg/dL [34], subjects with TG ≥400 mg/dL 
(1.2% of all participants) were excluded from the analysis of LDL-
C. All assays were performed according to standard procedures. 
Estimated glomerular filtration rate (eGFR) was calculated by the 
following equation of the Japanese Society of Nephrology [35]:

eGFR (mL/min/1.73m2) = 194 × creatinine–1.094 × age–0.287  
(× 0.739 if female)

Declined renal function was defined as eGFR <60 mL/min/1.73 
m2. Exclusion criteria were, as abovementioned, current medica-
tion use, and a history of CVD, stroke, hypertension, diabetes, dys-
lipidemia, nephritis, or gout at the time of examination. However, 
those who were newly diagnosed with one or more CVD risk fac-
tors such as dyslipidemia, hypertension, and impaired fasting glu-
cose according to the examination results were included in analy-
sis. CVD risks were determined according to the diagnostic criteria 
for MetS described below.

In the present study, the following 3 diagnostic criteria for MetS 
were adopted: the criteria developed by the Japanese Committee 
for the Diagnostic Criteria of MetS [8], the NCEP-ATPIII criteria 
[6], and the IDF criteria [7]. To diagnose MetS, high WC is a nec-
essary criterion in the Japanese and IDF criteria, and a sufficient 
condition in NCEP-ATPIII criteria [5].

Initially, the threshold for FPG in NCEP-ATP III was 110 mg/
dL. Later, however, American Diabetes Association lowered the 
threshold of FPG used to identify individuals with impaired fasting 
glycemia from 110 mg/dL to 100 mg/dL, and the NCEP-ATP III 
followed suit [36].

Measurement of CAVI and BP
Arterial stiffness was assessed by CAVI using VaSera VS-1500 

(Fukuda Denshi Co. Ltd, Tokyo, Japan). CAVI was calculated ac-
cording to the following formula: CAVI = a{(2ρ/ΔP) × ln (Ps/Pd) 
PWV2} + b, where Ps is systolic BP; Pd is diastolic BP; ΔP is Ps − 
Pd; ρ is blood density; PWV is cardio-ankle PWV, and a and b are 
constants.

The cuffs were wrapped around the upper arms and ankles of 
subjects in supine position with the head in the midline position. 
Examination was started after 5 min of rest. When detecting pulse 
waves in the upper arms and ankles with cuffs, a low cuff pressure 
of 30–50 mm Hg was used to minimize the influence of cuff pres-
sure on hemodynamics. BP was measured from the upper arm 
cuffs. PWV was determined by dividing the arterial length by the 
time taken for the pulse wave to propagate from the aortic valve to 
the ankle and was measured using the upper arm and ankle cuffs. 
Because CAVI may be falsely low in patients with severe arterial 
occlusive disease, we excluded subjects with an ankle-brachial in-

dex lower than 0.90. The details of CAVI have been reported pre-
viously [13].

Statistical Analysis
All data are expressed as median (interquartile range). The 

SPSS software (version 11.5, Chicago, IL, USA) was used for 
statistical processing. Mann-Whitney U test or Fisher’s exact 
test was performed to analyze sex difference in clinical variables 
or prevalence of major CVD risk factors. The relationship be-
tween CAVI and clinical variables was analyzed by multiple re-
gression analysis. Sensitivity and specificity of each body adi-
posity index in predicting high CAVI were analyzed using con-
ventional receiver operating characteristic (ROC) curves. 
Analysis of variance followed by Bonferroni multiple compari-
son test was used to compare age-adjusted CAVI according to 
MetS criteria using WC or ABSI as the abdominal obesity index, 
by sex. Bivariate logistic regression analysis was performed to 
examine the contribution of variables to high CAVI. We arbi-
trarily defined “high CAVI” as equal to or higher than 9.0 in all 
participants, corresponding substantially to the cutoff value for 
the presence of coronary artery stenosis [14, 18]. In all com-
parisons, 2-sided p values <0.05 were considered statistically 
significant.

Results

Clinical and Biochemical Characteristics of Male and 
Female Participants
In this study, a total of 46,872 Japanese urban residents 

(24,417 males and 22,455 females, median age 40 years, 
median BMI 21.8 kg/m2) were screened. Table  1 com-
pares the clinical characteristics of male and female par-
ticipants.

Compared with females, males had significantly high-
er BMI, WC, CAVI, BP, FPG, and TG; and lower age, 
ABSI, HDL-C, and eGFR. The proportions of subjects 
with BMI ≥25 kg/m2, newly diagnosed hypertension, im-
paired fasting glycemia, dyslipidemia, and MetS diag-
nosed according to 3 criteria were higher in males, where-
as the proportion of older age (age ≥65 years) was higher 
in females. The frequency of declined renal function was 
the same in both sexes.

Correlation of CAVI with Clinical Variables Analyzed 
by Multiple Regression Model
Next, we examined the factors associated with CAVI. 

Table  2 summarizes the results of multiple regression 
analysis for the correlation between CAVI and main clin-
ical variables. TG was omitted because of intraclass cor-
relation with HDL-C (Spearman’s correlation coefficient 
[ρ] = −0.516). BMI was also omitted because of intraclass 
correlation with WC (ρ = 0.877).
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Age was a major independent predictor for CAVI (β 
coefficient = 0.733). Additionally, CAVI was associated 
positively with male sex, systolic BP, FPG and negatively 
with HDL-C and eGFR. As for the abdominal obesity in-
dies, ABSI was associated positively with CAVI (β coef-
ficient = 0.135), whereas WC was associated negatively 
with CAVI (β coefficient = −0.186), independent of car-
diometabolic factors.

Discriminatory Powers of 3 Body Adiposity Indices for 
High CAVI (≥9.0)
Furthermore, we examined the contribution of body 

adiposity index to high CAVI in all participants. ROC 
analyses were used to evaluate the discriminatory power 
of 3 body adiposity indices; ABSI, WC, and BMI, for high 
CAVI (Fig. 1).

Table 1. Clinical and biochemical characteristics of male and female participants

Total Male Female p value
(N = 46,872) (N = 24,417) (N = 22,455)

Age, years 40 (32–52) 39 (32–50) 41 (33–54) <0.001
Height, m 1.64 (1.58–1.71) 1.71 (1.67–1.75) 1.58 (1.54–1.62) <0.001
BW, kg 59.1 (51.0–68.4) 66.8 (60.7–74.0) 51.2 (46.8–56.4) <0.001
BMI, kg/m2 21.8 (19.8–24.2) 22.9 (21.2–25.2) 20.5 (18.9–22.6) <0.001
WC, m 0.788 (0.722–0.856) 0.824 (0.764–0.885) 0.745 (0.692–0.810) <0.001
ABSI 0.0783 (0.0755–0.0812) 0.0778 (0.0754–0.0802) 0.0789 (0.0757–0.0823) <0.001
CAVI 7.3 (6.7–7.9) 7.3 (6.8–8.0) 7.2 (6.7–7.9) <0.001
SBP, mm Hg 120 (110–130) 124 (115–132) 114 (106–125) <0.001
DBP, mm Hg 70 (63–78) 74 (66–80) 67 (60–74) <0.001
FPG, mg/dL 84 (79–90) 86 (81–91) 82 (78–88) <0.001
LDL-C, mg/dL 119 (97–142) 122 (101–144) 114 (94–139) <0.001
HDL-C, mg/dL 65 (54–77) 58 (49–69) 72 (62–84) <0.001
TG, mg/dL 77 (55–118) 96 (66–145) 64 (47–90) <0.001
Creatinine, mg/dL 0.73 (0.62–0.84) 0.83 (0.76–0.90) 0.61 (0.56–0.67) <0.001
eGFR, mL/min/1.73 m2 84.1 (74.8–94.3) 83.6 (74.7–93.2) 84.8 (74.8–95.7) <0.001
Age ≥65 years, % 8.4 7.2 9.7 <0.001*
BMI ≥25 kg/m2, % 18.9 26.5 10.5 <0.001*
High WC, %

WC ≥85 (m) or 90 (f) cm 23.4 38.5 6.9 <0.001*
WC ≥90 (m) or 80 (f) cm 24.3 20.6 28.4 <0.001*
WC ≥102 (m) or 88 (f) cm 6.3 3.3 9.5 <0.001*

ABSI ≥0.080, % 33.9 27.1 41.4 <0.001*
CAVI ≥9.0, % 7.3 8.0 6.4 <0.001*
BP ≥130/85 mm Hg, % 27.3 35.2 18.6 <0.001*
FPG ≥100 mg/dL, % 6.6 9.2 3.8 <0.001*
FPG ≥110 mg/dL, % 2.5 3.6 1.2 <0.001*
HDL-C <40 mg/dL, % 3.5 6.1 0.7 <0.001*
TG ≥150 mg/dL, % 15.3 23.6 6.3 <0.001*
Metabolic dyslipidemia, % 16.3 25.3 6.6 <0.001*
LDL-C ≥140 mg/dL, % 26.4 28.4 24.2 <0.001*
eGFR <60 mL/min/1.73 m2, % 2.9 2.9 2.9 1.000*
Prevalence of MetS, %

Japan MetS 5.5 9.6 1.0 <0.001*
IDF MetS 6.3 7.9 4.5 <0.001*
NCEP-ATPIII MetS 4.3 5.5 3.1 <0.001*

Data are presented as median (IQR) or percentage of patients. Metabolic dyslipidemia includes TG ≥150 and/or HDL-C <40 mg/dL. BW, 
body weight; BMI, body mass index; WC, weight circumference; ABSI, a body shape index; CAVI, cardio-ankle vascular index; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density 
lipoprotein-cholesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate; MetS, metabolic syndrome; IDF, International Diabetes 
Federation; NCEP-ATPIII, National Cholesterol Education Program-Adult Treatment Panel III; IQR, interquartile range. Mann-Whitney U test 
and * Fisher’s exact test were used to compare male and female subjects.
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ABSI showed the highest discriminatory power (area 
under ROC curve [AUC]: 0.730, 95% confidence interval 
[CI]: 0.721–0.738, p < 0.001) compared to WC (AUC: 
0.595, 95% CI: 0.586–0.604, p < 0.001) and BMI (AUC: 
0.520, 95% CI: 0.510–0.529, p < 0.01). We previously re-
ported that the cutoff value of ABSI estimated by Youden 
Index J to predict high CAVI was 0.080 (sensitivity 0.675, 
specificity 0.630) in all subjects [37]. ROC analyses by sex 
found that the cutoff values were 0.079 (AUC: 0.723, 95% 
CI: 0.713–0.733, p < 0.001) in males and 0.081 (AUC: 
0.725, 95% CI: 0.715–0.734, p < 0.001) in females [23]. 
Additionally, in this study, the ROC analysis revealed that 
the cutoff value of ABSI for declined renal function was 
0.080 (AUC: 0.623, 95% CI: 0.607–0.639, p < 0.001), and 
that there was no significant sex difference (data not 
shown). Consequently, high ABSI was defined as higher 
than or equal to 0.080 regardless of sex, and this cutoff 
value was used to substitute high WC as the index of ab-
dominal obesity in MetS diagnosis.

Proposal to Replace High WC by High ABSI as 
Criterion of Abdominal Obesity in MetS Diagnosis
Details of 3 representative diagnostic criteria for MetS 

(Japanese, IDF, and NCEP-ATPIII) are shown in Ta-
ble 3. All the diagnostic criteria use WC as the abdominal 
obesity index, although the cutoff values are different 
among the 3. We proposed to change the criterion of ab-
dominal obesity from high WC to ABSI ≥0.080 in both 
sexes for all 3 diagnostic criteria. Furthermore, we exam-
ined whether there is a difference in CAVI level when 
MetS is diagnosed with criteria using ABSI (ABSI-MetS) 
compared with conventional criteria using WC (WC-
MetS).

Comparison of Age-Adjusted CAVI according to MetS 
Criteria
We examined the differences in age-adjusted CAVI 

when MetS was diagnosed with the 3 diagnostic criteria 
using WC or ABSI as the abdominal obesity index (Fig. 2). 
For all 3 diagnostic criteria; Japanese, IDF and NCEP-
ATPIII, age-adjusted CAVI was almost the same in sub-
jects with and those without MetS diagnosed using WC-

Variables Standard error β coefficient p value

Male 0.006 0.138 <0.001
Age, years <0.000 0.733 <0.001
WC, m 0.038 −0.186 <0.001
ABSI 0.782 0.135 <0.001
SBP, mm Hg <0.001 0.114 <0.001
FPG, mg/dL <0.001 0.030 <0.001
HDL-C, mg/dL <0.001 −0.013 <0.001
LDL-C, mg/dL <0.001 0.007 0.013
eGFR, mL/min/1.73 m2 <0.0001 −0.031 <0.001

Model R2 = 0.695, p < 0.001. WC, weight circumference; ABSI, a body shape index; CAVI, 
cardio-ankle vascular index; SBP, systolic blood pressure; FPG, fasting plasma glucose; 
LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; 
eGFR, estimated glomerular filtration rate.

Table 2. Correlation of CAVI with clinical 
variables analyzed by multiple regression 
model

Fig. 1. Discriminatory powers of 3 body adiposity indices for high 
CAVI (≥9.0). Curves represent ROC analyses for discriminating 
the probability of high CAVI (≥9.0). CAVI, cardio-ankle vascular 
index; ROC, receiver operating-characteristics; WC, weight cir-
cumference; BMI, body mass index.
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MetS, but was remarkably higher in subjects with MetS 
than in those without MetS diagnosed using ABSI-MetS. 
In other words, the adoption of ABSI as an index of ab-
dominal obesity was associated with higher value of CAVI 
in MetS patients.

Bivariate Logistic Regression Models for High CAVI 
(≥9.0) in Each MetS Criterion
Finally, we used logistic regression models to examine 

whether the contribution of MetS to high CAVI would be 
different if WC was replaced by ABSI in the diagnostic 
criteria (Table 4). The following MetS criteria were tested: 
Japanese (models 1 and 4), IDF (models 2 and 5), and 
NCEP-ATPIII (models 3 and 6). WC was used as the ab-
dominal obesity index in models 1, 2, and 3; and ABSI in 
models 4, 5, and 6. The following factors, which have been 
reported to contribute to CAVI independent of MetS 
components, were adopted as confounders: sex, old age, 
declined renal function, and hyper-LDL cholesterolemia 
[15, 23, 38].

MetS had an independent association with high CAVI 
across all diagnostic criteria. Concurrently, male sex, old-
er age, chronic kidney disease, and hyper-LDL cholester-
olemia each contributed to high CAVI. MetS diagnosed 
by ABSI-MetS showed larger odds ratios versus WC-
MetS with no overlap of 95% CI in Japanese and IDF cri-
teria. However, only in NCEP-ATPIII (models 3 and 6), 
the 95% CIs of WC-MetS and ABSI-MetS overlapped 
slightly (1.89–2.56 vs. 2.54–3.20).

Discussion

In this cross-sectional study conducted in a real-world 
Japanese population, CAVI correlated positively with 
ABSI, whereas CAVI correlated negatively with WC. Par-
ticularly, the association of ABSI with CAVI was inde-
pendent of age, sex, systolic BP, FPG, and HDL-C in mul-
tiple regression analysis. Furthermore, ABSI had a re-
markably stronger contribution to high CAVI (≥9.0) than 
WC and BMI. We then defined ABSI ≥0.080 as abdomi-
nal obesity based on the results of ROC analysis for dis-
crimination of high CAVI and declined renal function. 
Logistic regression analysis revealed that replacing high 
WC with ABSI ≥0.080 in the MetS diagnostic criteria en-
hanced the detection of MetS subjects with high CAVI in 
the Japanese and IDF diagnostic criteria. The strength of 
this study was to demonstrate that subjects with systemic 
arterial stiffening are more likely to be detected if ABSI is 
adopted to diagnose MetS in large-scale health screening.

Noninvasive clinical tools to assess vascular function 
have been developed and used to assess functional vascu-
lar damage and severity of atherosclerosis [39]. Flow-me-
diated dilation, the standard tool used to assess vascular 
endothelial function, has been known to correlate posi-
tively with BMI in healthy young adults [40]. This finding 
corroborates with reports of an inverse relationship be-
tween CAVI and BMI in the general Japanese and Chi-
nese population [20, 41, 42]. Together, these studies sug-
gest that BW gain per se may include a vasoprotective 
change of body composition in some individuals. In sup-
port of this paradoxical finding, it has been reported that 

Table 3. Proposal to replace high WC by high ABSI as the criterion of abdominal obesity in the diagnosis of MetS

Japanese criteria IDF criteria for Asians NCEP-ATPIII criteria

Definition of MetS (1) + any 2 or more of (2) to (4) (1) + any 2 or more of (2) to (5) 3 or more of (1) to (5)
Components

Abdominal obesity (1) WC ≥85 cm (males), ≥90 cm (females) (1) WC ≥90 cm (males), ≥80 cm (females) (1) WC ≥102 cm (males), ≥88 cm 
(females)

Proposal to replace high WC by high ABSI (≥ 0.080, both sexes) as the criteria of abdominal obesity
Hypertension (2) SBP ≥130 mm Hg and/or DBP 

≥85 mm Hg
(2) SBP ≥130 mm Hg and/or DBP 
≥85 mm Hg

(2) SBP ≥130 mm Hg and/or DBP 
≥85 mm Hg

Hyperglycemia (3) FPG ≥110 mg/dL (3) FPG ≥100 mmol/L (3) FPG ≥100 mg/dL
Dyslipidemia (4) TG ≥150 mg/dL and/or HDL-C 

<40 mg/dL
(4) TG ≥150 mg/dL (4) TG ≥150 mg/dL

(5) HDL-C <40 mg/dL (males), <50 mg/dL 
(females)

(5) HDL-C <40 mg/dL (males), 
<50 mg/dL (females)

WC, weight circumference; ABSI, a body shape index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL-C, low-
density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; TG, triglyceride; MetS, metabolic syndrome; IDF, International Diabetes Federation; 
NCEP-ATPIII, National Cholesterol Education Program-Adult Treatment Panel III.
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when accompanied by obesity, the risk of all-cause or 
CVD mortality in MetS patients may be reduced to the 
same level as in non-MetS individuals [43]. In other 
words, BMI is not necessarily efficient for stratification of 
CVD risks; because of the obesity paradox that increased 
BMI may potentially reflect vasoprotective body compo-
sition. On the other hand, abdominal obesity, the under-
lying cause of MetS, is generally evaluated using WC. 
However, since WC correlates closely with BMI, it is dif-
ficult to distinguish between the 2 as epidemiological risk 
factors [23, 44]. In fact, our data showed that WC corre-

lated negatively with CAVI, contrary to ABSI (Table 2). 
The use of high WC as one of the MetS diagnostic criteria 
therefore inherently includes the obesity paradox, which 
may lead to the detection of individuals without systemic 
arterial stiffening. Although it is clear that visceral/ecto-
pic fat accumulation is a major contributor to CVD risk 
beyond BMI [21], it remains difficult to implement fat 
distribution assessment into clinical practice.

The findings observed in the present study are also 
consistent with long-term follow-up studies showing that 
ABSI is a better predictor of long-term prognosis than 

a b

d

c

e f

Fig. 2. Differences in age-adjusted CAVI according to different 
MetS diagnostic criteria using WC (WC-MetS) or using ABSI (AB-
SI-MetS) as the visceral obesity index. WC-MetS (a) and ABSI-
MetS (b) diagnosed by Japanese criteria. WC-MetS (c) and ABSI-
MetS (d) diagnosed by IDF criteria. WC-MetS (e) and ABSI-MetS 
(f) diagnosed by NCEP-ATPIII criteria. Data are presented as 
mean ± SD. One-way ANOVA followed by Bonferroni multiple 

comparison tests were used for statistical analysis. CAVI, cardio-
ankle vascular index; ROC, receiver operating characteristics; 
MetS, metabolic syndrome; ABSI, a body shape index; ANOVA, 
analysis of variance; IDF, International Diabetes Federation; 
NCEP-ATPIII, National Cholesterol Education Program-Adult 
Treatment Panel III; WC, weight circumference.
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BMI or WC [30, 45]. The reason is that ABSI correlates 
with CAVI, and high CAVI is a predictor of CVD mor-
bidity and mortality [14, 28]. Furthermore, studies have 
shown that reducing BW, especially visceral fat, can de-
crease CAVI in obese patients with metabolic disorders 
[24, 28], and therapeutic intervention that reduces CAVI 
may prevent future CVD events [46]. It is therefore rea-
sonable to consider that in patients diagnosed with MetS 
according to criteria using ABSI, weight reduction thera-
py can be expected to improve CVD outcome through 
decreasing CAVI. In addition, not only BMI but also WC 
shows U- or J-shaped association with all-cause or CVD 
mortality, whereas ABSI exhibits positive linear relation-
ship [47, 48]. Setting the cutoff value of obesity index that 
has a U- or J-shaped relationship with mortality risk leads 
to inaccurate assessment of the target population. There-
fore, the use of abdominal obesity indices such as ABSI 
for MetS diagnosis may be rational to detect individuals 
with “malignant obesity” who require early therapeutic 
intervention. Future studies are needed to confirm wheth-
er MetS diagnosis using ABSI predicts morbidity and 
mortality, and whether therapeutic interventions that re-
duce ABSI improve prognosis.

As shown in Table 1, the incidence of abdominal obe-
sity in females deviated significantly between WC ≥90 cm 
(6.9%) and ABSI ≥0.080 (41.4%) in this study. However, 
WC reflects mainly subcutaneous fat rather than visceral 
fat in females; thus, estimation of abdominal obesity us-
ing WC may underestimate the accumulation of visceral 
fat [49]. The relatively high diagnostic rate of abdominal 
obesity by ABSI therefore does not necessarily mean 
overdiagnosis of abdominal obesity by ABSI. In addition 
to the high sensitivity in predicting abdominal obesity, 
the advantage of ABSI is the strong involvement in sys-
temic arterial stiffening.

The limitation of this study is the cross-sectional na-
ture, which cannot address causal relation or direction of 
the impact of body adiposity index on CAVI. Addition-
ally, our findings may not be generalized to other ethnic 
groups. For example, the predictive ability of ABSI for the 
occurrence of diabetes was generally better than that of 
BMI, but predictive level of ABSI varied among different 
ethnicities [50]. In addition, most of the participants in 
this study were nonelderly and had no metabolic disor-
ders. Due to the nature of the health screening program 
implemented, only 8.4% of the subjects were over 65 years 
of age. In future, it is necessary to verify whether the sig-
nificance of ABSI-MetS criteria can be ensured for other 
ethnic groups of the elderly with metabolic disorders.
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Conclusion

In the present study, we examined whether using ABSI 
instead of WC as one of the diagnostic criteria for MetS de-
tects individuals with systemic arterial stiffening assessed 
by CAVI. Based on the results, we proposed replacement of 
WC by ABSI in the diagnosis of MetS and discussed the is-
sues of using WC as one of the diagnostic criteria of MetS.

In conclusion, the application of ABSI to the diagnosis 
of MetS can detect individuals with systemic arterial stiff-
ening, which may allow efficient stratification of CVD 
risk. Further studies are needed to confirm whether MetS 
diagnosis using ABSI as the abdominal obesity index pre-
dicts CVD morbidity and mortality.
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