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Abstract

Waist circumference (WC), an abdominal obesity index in the current metabolic syndrome (MetS) criteria, may not adequately reflect
visceral fat accumulation. This brief review aims to examine the clinical significance of utilizing a body shape index (ABSI), a novel
abdominal obesity index, to modify the MetS criteria, considering the predictive ability for vascular dysfunction indicated by the cardio-
ankle vascular index (CAVI), as well as kidney function decline. First, the relationship of CAVI with kidney function is presented. Next,
whether modification of the MetS diagnostic criteria by replacing the current high waist circumference (WC-MetS) with high ABSI
(ABSI-MetS) improves the predictive ability for vascular and kidney dysfunction is discussed. Although limited to Asian populations,
several cross-sectional and longitudinal studies support the relationship of CAVI with kidney function. Increased CAVI is associated
with kidney function decline, and the CAVI cutoff for kidney outcomes is considered to be 8-9. In urban residents who underwent
health screening, an increase in ABSI, but not body mass index (BMI) or WC, was associated with increased CAVI, suggesting that
ABSI reflects vasoinjurious body composition. In several cross-sectional studies, ABSI-MetS was superior to WC-MetS in identifying
individuals with increased CAVI. Furthermore, the predictive ability of ABSI-MetS in assessing kidney function decline was enhanced
only in individuals with MetS, as determined in a longitudinal analysis. Using WC as a major criterion for MetS diagnosis may not
adequately identify individuals at risk of vascular dysfunction and kidney function decline. This review shows that this problem may
be solved by replacing WC with ABSI. Future research should explore whether ABSI-MetS also predicts cardiovascular events, and
whether therapeutic intervention that reduces ABSI improves clinical outcomes.

Keywords: metabolic syndrome; waist circumference; a body shape index; cardio-ankle vascular index; vascular function; kidney
function decline

1. Introduction inal obesity [3]. Consequently, waist circumference (WC)
has emerged as a candidate for assessing abdominal obesity.
In fact, WC has been reported to predict mortality risk better
than BMI [4]. However, WC correlates closely with BMI,

The majority of atherosclerotic diseases develop based
on a constellation of metabolic disorders, with abdominal
obesity as the upstream pathophysiology. This concept has
been combined to define metabolic syndrome (MetS), and to the extent that differentiating the two as epidemiological
it has been demonstrated that MetS increases the mortality ~ 1isk factors can be difficult [S]. Therefore, a body shape in-

and mortality of cardiovascular disease (CVD) [1]. On the ~ dex (ABSI) has been developed as a transformation of WC
and is statistically independent of BMI allowing for better

evaluation of the relative contribution of WC to abdomi-
nal obesity. ABSI predicts mortality better than WC and
BMI [6], and has been reported to reflect obesity-related
metabolic disorders well [7]. From these backgrounds, we
hypothesized the inadequacy of WC as an abdominal obe-
sity index in the diagnostic criteria of MetS. Furthermore,
we verified the significance of utilizing ABSI as a candi-
date for the abdominal obesity index to predict vascular out-
comes.

other hand, whether abdominal obesity per se exerts vascu-
lar toxicity independent from various metabolic disorders
is controversial. Concerns exist that the current diagnostic
criteria for MetS based on abdominal obesity cannot ade-
quately predict the risk of arteriosclerosis and kidney func-
tion decline [2]. In other words, there is no clinical rel-
evance in applying the concept of abdominal obesity as a
requisite for a diagnosis of MetS.

While body mass index (BMI) is widely used as a stan-
dard index to define obesity, it is not suitable to estimate
body fat mass or its location, nor can it distinguish abdom-
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Fig. 1. Relationship of baseline CAVI with change (A) and (B) rate of change in kidney function over 3 consecutive years. Partic-

ipants were 11,400 Japanese urban residents with eéGFR >60 mL/min/1.73 m? who received consecutive annual health checks (median
age: 48 years at baseline, male: 46.0%). *p < 0.05, **p < 0.01; Kruskal-Wallis test followed by Bonferroni test. CAVI, cardio-ankle vas-
cular index; eGFR, estimated glomerular filtration rate (mL/min/1.73 m?). 3y, 3 consecutive years. Data from Nagayama D, Watanabe

Y, Fujishiro K, ef al. [28].

In this context, this brief review first presents the find-
ings between systemic vascular function and chronic kidney
disease (CKD), followed by an evidence-based discussion
of appropriate abdominal obesity indices focusing on the
prediction of vascular and kidney function. Finally, a pro-
posal is put forward for the modification of the current MetS
diagnostic criteria by utilizing ABSI.

2. Cardio-ankle vascular index (CAVI) as A
Systemic Arterial Stiffness Parameter

The degree of progression of systemic arteriosclero-
sis can be assessed using the concept of arterial stiffness,
and the arterial stiffness parameter is useful in the manage-
ment of cardiometabolic disorders [8]. Pulse wave velocity
(PWV) is the most commonly used quantitative assessment
tool of arterial stiffness, although PWV changes according
to changes in blood pressure (BP) at the time of measure-
ment [9]. The BP-dependency of PWV has led to an over-
estimation of the role of hypertension in epidemiological
studies. To overcome this problem, the CAVI has been de-
veloped [10].

CAVI is an arterial stiffness parameter that includes
the entire arterial tree from the aortic valve to the tibial
artery. This parameter has been theoretically and clini-
cally established to be independent of BP at the time of
measurement. This BP-independence gives CAVI the char-
acteristics of a tool for evaluating the ventricular-arterial
interaction. In other words, CAVI can evaluate vascular
wall stiffness in acute response to hemodynamic changes,
such as heart failure or sepsis. The value of CAVI in daily
clinical practice is not limited to predicting cardiovascular
(CV) events. CAVI reflects the severity of CVD risk factors
including glucose intolerance, hypertension, dyslipidemia,
sleep apnea, and smoking [10]. Since CAVI is a modifiable
indicator that can be improved through appropriate thera-
peutic interventions, it is useful not only for screening CVD
risk factors but also for determining the efficacy of treat-
ment.

Vascular toxicity due to various CVD risk factors can
be detected as an increase in CAVI, and a CAVI of 9.0 has
been proposed to be the optimal cut-off value for predicting
CVD in Asian people [10]. The prognostic value of CAVI
has been well established, and increased CAVI is an inde-
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Table 1. Summary of the association of CAVI with kidney outcomes in cross-sectional and longitudinal studies.

References Country ~ Population  Samplesize  Age (y) Baseline  Observational Objective vari- Cut-off of Summary
CAVI period able/Outcomes CAVI
Cross-sectional study
Kubozono et Japan Individuals 881 52+14 85%x13 - eGFR, CKD - Independent
al. 2009 [16] undergoing stage and association of
health checkups Proteinuria CAVI with
kidney function.
Nakamura ef Japan  Patients with 206 65.3 £8.7 9.38t010.7 - Serum cystatin - Independent
al. 2009 [17] any risks and/or C and eGFR association of
CAD CAVI with
kidney function.
Ito et al. 2015 Japan Obese patients 468 553+ 116 78+14 - eGFR (serum - Cystatin
[18] with diabetes Cystatin C- or C-based eGFR
Cr-based) correlated most
strongly with
CAVL
Liu et al. 2017 China Outpatients 656 - - - Urinary albumin - Independent
[19] excretion (UAE) association of
log UAE with
CAVL
Alizargar et al. Taiwan ~ Community 164 62.64 £+ 8.62 + 1.08 - eGFR - Independent
2019 [20] individuals 9.47 association of
CAVI with
kidney function.
Hitsumoto Japan  Patients with 245 63 + 13 87+14 - Renal resistive 9.0 Independent
2020 [21] hypertension index (RRI) association of
CAVI with RRI.
Longitudinal study
Itano et al. Japan Participants 24,297 462 +13.0 75+1.0 Mean: 3.1y eGFR <60, and 8.1 Persons with
2020 [22] without CKD at rapid eGFR CAVI >8.1 had
the baseline decline (<-3/y) a higher risk for
CKD events.
Satirapoj ef al. Thailand Patients with 352 67.8 £10.1  63.6%: ly Decrease in 9.0 Independent
2020 [23] high CVD risk CAVI >9 GFR >5/y association of
CAVI >9 with a
rapid declined
eGFR.
Jeong et al. Korea Patients above 8701 60.4 + 11.4 8.47 £ 1.21 Median: 7y  Doubling of - Higher risk of
2020 [24] 18 years serum Cr, a 50% the fourth
decreased eGFR quartile for
or development ESRD than the
of ESRD first quartile.
Nagayama et Japan Urbanresidents 27,864  Median45 Median 7.5 Mean: 3.5y eGFR <60 8.0 Superiority of
al. 2022 [25] without renal (IQR (IQR CAVI to
impairment 36-56) 6.9-8.2) haPWV and
CAVIO in
predicting
kidney function
decline.
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Table 1. Continued.

References Country  Population  Sample size  Age (y) Baseline Observational Objective vari- Cut-off of Summary
CAVI period able/Outcomes CAVI
Aiumtrakul ef Thailand Subjects with 4898 - - Sy eGFR decline - CAVI >9 was
al. 2022 [26] CVD risks over 40%, an independent
and/or diseases eGFR <15, risk for
doubling of composite
serum Cr, kidney
dialysis outcomes.
initiation and
death related to
renal causes
Nagayama et Japan Urbanresidents 27,864  Median45 Median 7.5 Mean: 3.5y eGFR <60 - TG and
al. 2023 [27] without renal (IQR (IQR TG/HDL-C
impairment 36-56) 6.9-8.2) ratio was
associated with
CAVI-mediated
kidney function
decline.
Nagayama et Japan Urbanresidents 27,648  Median 46 - Median: 3y  eGFR <60 8.0 (male) Serum uric acid
al. 2024 [28] without renal 7.9 (female) was associated
impairment with
CAVI-mediated
kidney function
decline.

CAVI, cardio-ankle vascular index; CAVI0, a variant of CAVI; eGFR, estimated glomerular filtration rate (mL/min/1.73 m?); CKD, chronic
kidney disease; CAD, coronary artery disease; CVD risk, cardiovascular disease risk; ESRD, end-stage renal disease; haPWV, heart-ankle

pulse wave velocity; IQR, inter-quartile range; Cr, creatinine; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; y, year(s); GFR,

glomerular filtration rate.

pendent predictor of all-cause mortality that is superior to
PWYV, even in the sub-population of individuals with end-
stage kidney disease [11]. Notably, the prognostic value
of CAVI was confirmed in a multinational setting and was
present even when limited to the primary prevention group
[12].

3. Prognostic Value of CAVI for Kidney
Function Decline

CKD, which is estimated to affect approximately 10%
of the world’s adult population [13], is known to share a
pathophysiology closely related to systemic vascular dys-
function. Decreased kidney function is often caused by
CVD risk factors including diabetes and hypertension [14].
On the other hand, CKD per se is known to independently
enhance arteriosclerosis via accumulation of uremic tox-
ins, increased oxidative stress and chronic inflammation,
altered lipoprotein metabolism and vascular calcification
[15]. Therefore, to break the vicious cycle between CKD
and systemic arteriosclerosis, both should be managed si-
multaneously in routine clinical practice. We first examined
the predictive ability of CAVI, focusing on kidney function
decline as a vascular outcome.

Table 1 (Ref. [16-28]) summarizes the association
of CAVI with kidney outcomes in cross-sectional and lon-
gitudinal studies. First, we will discuss the findings of
cross-sectional studies. Six cross-sectional studies [16-21]
have shown that CAVI is independently associated with es-
timated glomerular filtration rate (eGFR), serum cystatin
C and proteinuria. Furthermore, the association between
CAVI and kidney function has been established not only
biochemically, but also physiologically. The renal resis-
tive index (RRI) is measured utilizing duplex doppler ultra-
sonography, and is an indicator of dynamic and structural
changes in the renal vasculature. Hitsumoto has reported
that CAVI was independently associated with the RRI in
patients with essential hypertension [21].

Next, regarding the findings of longitudinal studies.
Several longitudinal studies [22—28] have also reported the
predictive ability of CAVI for kidney function decline. We
have reported the superior predictive ability of CAVI com-
pared to heart-ankle PWV (haPWV) and CAVIO0, a variant
of CAVI [25].

In general, increased CAVI precedes kidney function
decline. Fig. 1 (Ref. [28]) shows the relationship of base-
line CAVI with a change in kidney function over 3 consec-
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Fig. 2. Relationship of CAVI with tertiles of (A) BMI, (B) WC and (C) ABSI. *p < 0.001, ANOVA followed by post-hoc Bonferroni
test. CAVI was adjusted by gender, age, and SBP. A total of 62,514 Japanese urban residents who received health checks (median age:

42 years, male: 41.6%) were studied. CAVI, cardio-ankle vascular index; BMI, body mass index; WC, waist circumference; ABSI, a

body shape index; ANOVA, analysis of variance; SBP, systolic blood pressure. Data from Nagayama D, Watanabe Y, Yamaguchi T, et

al. [43].

utive years. Among Japanese individuals who underwent
health screening, a baseline CAVI above 9 was associated
with a greater decline in kidney function.

Increased CAVI reflects not only organic lesions in
macrovessels but also microcirculatory disorders induced
by inflammation and oxidative stress [10]. In addition, ar-
terial stiffening leads to increased pressure and flow pul-
satility which are transmitted downstream to the microcir-
culation, including the kidneys. This excessive pulsatile
load damages small arteries and glomeruli in the kidney
cortex [12]. Therefore, vascular aging indicated by high
CAVI may lead to kidney function decline via injury in the
microvasculature. As kidney dysfunction further enhances
systemic oxidative stress and inflammation, it is necessary
to identify the mediators of this vicious cycle. For ex-
ample, we have reported that lipid parameters, especially
serum triglycerides [27], and serum uric acid levels [28]
may contribute to kidney dysfunction mediated by CAVI.
Although the relationships between CAVI and kidney dys-
function are restricted in the Asian population, they are
common to both health screening recipients and patients
with CVD risks. On the other hand, it should be noted that
the above findings may not be generalizable. As some of

&% IMR Press

the studies presented in this section did not exclude primary
kidney disease, the endpoint of kidney function decline is
not necessarily due to increased arterial stiffness. There-
fore, it is possible that conventional anti-atherosclerotic
treatments that reduce CAVI may not inhibit the progression
of renal decline and the subsequent development of CVD.

4. Relationship of Abdominal Obesity with
CKD

Obesity can lead to CKD through both direct and indi-
rect pathways [29]. A systematic review and meta-analysis
predict that approximately 14% of males and 25% of fe-
males develop CKD as a clinical consequence of being
overweight or obese in industrialized countries [29]. Fur-
thermore, we have reported that maximum lifetime BMI is
associated with early hemodialysis initiation independent
of diabetes in Japanese hemodialysis patients [30]. On the
other hand, obesity-related kidney dysfunction may be re-
versible, as it has been reported that weight reduction ther-
apy utilizing a formula diet results in decreased serum cre-
atinine in type 2 diabetes patients with obesity [31].

CKD as an atherosclerotic disease may not be ade-
quately managed by focusing on BMI alone. The signifi-
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Table 2. Proposal to replace high WC by high ABSI as the criterion of visceral obesity in MetS diagnosis.

Japanese criteria

IDF criteria for Asians

NCEP-ATPIII criteria

Definition of MetS (1) + any two or more of (2) to (4)

(1) + any two or more of (2) to

Three or more of (1) to (5)
(5

Components

Visceral obesity WC >85 cm (males)

>90 cm (females)

WC >90 cm (males)
>80 cm (females)

WC >102 cm (males)
>88 cm (females)

Proposal to replace high WC by high ABSI (>0.080, both sexes) as the criterion of visceral obesity

(2) SBP >130 mmHg and/or

Hypertension
DBP >85 mmHg
Hyperglycemia  (3) FPG >110 mg/dL (6.11 mmol/L)
(4) TG >150 mg/dL (1.69 mmol/L)
Dyslipidemia and/or

(2) SBP >130 mmHg and/or
DBP >85 mmHg
(3) FPG >100 mmol/L (5.55

(2) SBP >130 mmHg and/or
DBP >85 mmHg
(3) FPG >100 mg/dL (5.55

mmol/L) mmol/L)

(4) TG >150 mg/dL (1.69

HDL-C <40 mg/dL (1.03 mmol/L)

(5) HDL-C <40 mg/dL (1.03
mmol/L, males)
<50 mg/dL (1.29 mmol/L,

(4) TG >150 mg/dL (1.69 mmol/L)
mmol/L)
(5) HDL-C <40 mg/dL (1.03
mmol/L, males)
<50 mg/dL (1.29 mmol/L,

females) females)

WC, weight circumference; ABSI, a body shape index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting

plasma glucose; HDL-C, high-density lipoprotein-cholesterol; TG, triglyceride; MetS, metabolic syndrome; IDF, International
Diabetes Federation; NCEP-ATPIII, National Cholesterol Education Program-Adult Treatment Panel I11. Adapted from Nagayama

D, Sugiura T, Choi SY, et al. [2].

cance of focusing on visceral fat accumulation to predict a
decline in kidney function is controversial. However, sev-
eral cohort studies have reported that visceral fat indica-
tors were associated with the progression of CKD. Madero
et al. [32] showed that visceral fat area (VFA) measured
by computed tomography, but not BMI and WC, was in-
dependently associated with a decline of eGFR of 30% or
more in the elderly participants. In addition, Kataoka et
al. [33] revealed that the visceral-to-subcutaneous fat ra-
tio (V/S ratio) also predicted a kidney function decline in
CKD patients. Our previous study showed that weight re-
duction therapy reduced CAVI in individuals with obesity
[10]. Notably, ACAVI was independently associated with
AVFA, but not with ABMI. Similarly, in the aforemen-
tioned study of weight reduction therapy using formula diet
[31], a decrease in serum creatinine correlated with a de-
crease in VFA. These findings suggest the possibility that
weight reduction therapies that reduce excess visceral fat
mass may be useful in attenuating vascular and/or nephrotic
toxicity. Besides, we have also reported on the relation-
ship between abdominal obesity indices and kidney dys-
function [2]. Among Japanese urban residents receiving
health screenings, several abdominal obesity indices, in-
cluding ABSI, waist-to-height ratio (WHtR) and conicity
index, showed stronger associations with kidney dysfunc-
tion compared with BMI and WC. Namely, it may be mean-
ingful to focus on the presence of abdominal obesity, rather
than just increased BMI, in order to manage obesity-related
glomerulopathy.

5. Criticisms of the Current MetS Concept in
Terms of Vascular Outcomes

The individual components of MetS; namely, central
obesity, insulin resistance, dyslipidemia and hypertension,
are all independent risk factors of atherosclerosis. The clus-
tering of these risk factors in MetS significantly elevates
the risk of developing CVD [34]. In addition, MetS is as-
sociated with CKD and microalbuminuria in both cross-
sectional and longitudinal studies [35]. On the other hand,
several criticisms of the MetS concept have emerged. As
an example, Reaven contended that WC as an indicator of
abdominal obesity is not necessarily related to insulin re-
sistance [36]. This implies that there is no clinical rele-
vance in applying the concept of abdominal obesity as a
requisite for the diagnosis of MetS. In addition, the study
of Ming et al. [37] confirmed an association between MetS
and CKD, but elevated WC did not show significantly in-
creased odds of CKD when adjusted for all components of
MetS. Similarly, the REGARDS study [38], a longitudinal
cohort study of community residents, revealed that WC was
not associated with end-stage kidney disease after adjust-
ment for obesity-related comorbidities, eGFR and urinary
albumin/creatinine ratio. Taken together, the clinical utility
of a diagnosis of MetS based on elevated WC is unclear,
and treatment of all CVD risk factors in the individual may
suffice. Alternatively, it may be preferable to utilize an an-
thropometric index that reflects vascular toxicity as an ele-
ment of MetS, independent of BMI and WC.
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Fig. 3. Comparison of the predictive ability of WC-MetS and ABSI-MetS for CAVI and kidney function decline. Comparison of
age-adjusted CAVI in MetS (+) vs. MetS (-) individuals diagnosed by Japanese MetS criteria using (A) WC (WC-MetS) or (B) ABSI

(ABSI-MetS). Data are presented as mean =+ standard deviation and analyzed by one-way analysis of covariance with the covariate set to

age followed by Bonferroni multiple comparison test. Kaplan-Meier curves for the rate of renal function decline in MetS (+) and MetS
(-) individuals diagnosed by Japanese MetS criteria using (C) WC-MetS or (D) ABSI-MetS. Kidney function decline was defined as
the occurrence of eGFR <60 mL/min/1.73 m?. A total of 5438 Japanese urban residents (median age 48 years at baseline, male 43.5%)

without kidney impairment who participated in a public health screening program for 4 consecutive years were studied. WC, waist

circumference; ABSI, a body shape index; MetS, metabolic syndrome; CAVI, cardio-ankle vascular index; eGFR, estimated glomerular
filtration rate (mL/min/1.73 m?). Data from Nagayama D, Sugiura T, Choi SY, et al. [2].

6. Obesity Paradox Regarding Vascular
Function

Flow-mediated dilation, the standard tool used to as-
sess vascular endothelial function, has been known to corre-
late positively with BMI in healthy young adults [39]. This
finding corroborates reports of an inverse relationship be-
tween CAVI and BMI in the general Japanese and Chinese
population [10,40]. In other words, increased BMI is asso-
ciated with improved vascular function, despite being a risk
factor for metabolic disorders. BMI is therefore speculated
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to primarily reflect a body composition with a vascular pro-
tective effect (such as subcutaneous fat and/or skeletal mus-
cle). This finding is consistent with the “obesity paradox”
phenomenon, an observation that obesity may contribute to
improved survival in patients with CVD [41]. Similarly, in
support of this paradoxical finding, it has been reported that
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 [42].
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Current MetS diagnostic criteria adopt WC as a sim-
ple indicator of visceral fat accumulation, as described
above. However, since WC correlates strongly with BMI,
the two are almost epidemiologically identical [43]. More-
over, Sugiura ef al. [44] reported that not only BMI, but
also WC, correlated inversely with CAVI in Japanese work-
ers, while visceral fat area correlated positively. Reaven
[36] emphasized that there are many non-MetS patients
who are clearly at higher risk of CVD than MetS patients
with high WC. In other words, the current MetS criteria,
which requires high WC, also runs the risk of identifying
individuals who benefit from the vasoprotective effects of
increased subcutaneous fat and/or skeletal muscle. This
speculation is also supported by the fact that, in the Ad-
vanced Approach to Atherosclerosis study [45], a multicen-
ter cross-sectional study in Europe, individuals with high
WC showed relatively low CAVI, despite having the same
degree of metabolic disorders. Based on the above, the suit-
able abdominal obesity index as a surrogate marker of vis-
ceral fat accumulation that exerts vascular toxicity should
be independent of the “obesity paradox”. ABSI, one of
the abdominal obesity indices mentioned above, was de-
signed to be minimally associated with BMI, and is calcu-
lated by dividing WC by an allometric regression of weight
and height. In other words, the ABSI is an index for quan-
tifying the transverse diameter of the body without the in-
fluence of the “obesity paradox”.

7. ABSI as a Novel Anthropometric Index
Reflecting Vascular Health

Recently, a number of anthropometric indices have
been developed to quantify the degree of abdominal obe-
sity more precisely than WC. Furthermore, these indices
have been shown to have better predictive ability for CVD
outcomes. For example, in the Norwegian Nord-Trendelag
Health Study 2, in which 61,016 participants were followed
for an average of 17.7 years, ABSI and WHtR, were both
more strongly associated with CV mortality than the es-
tablished indices including BMI, WC and waist-to-hip ra-
tio [46]. The association between ABSI and CVD mor-
tality did not alter even in a sensitivity analysis excluding
participants with high risk for CVD mortality at baseline
(i.e., known CVD, diabetes and current smokers). Simi-
larly, ABSI outperformed BMI and WC in predicting CVD
and all-cause mortality in meta-analyses [46—48]. Further-
more, findings showing an association between abdomi-
nal obesity indices and potential CVD risk factors were
also confirmed. Among the 3140 participants extracted
from the National Health and Nutrition Examination Survey
(NHANES) 2013-2014, increased ABSI was closely re-
lated to a high risk of abdominal aortic calcification (AAC),
and the discriminative power of ABSI for AAC was sig-
nificantly higher than that of BMI, WC, and WHtR [49].
Besides, a prospective study of 1718 Korean general resi-
dents found that WHtR, unlike BMI and waist-to-hip ratio,

was independently associated with new-onset hypertension
[50]. These findings suggest that some form of abdominal
obesity index, rather than WC, should be utilized to effec-
tively identify atherosclerotic disease.

We previously examined the relationship of vascu-
lar function with various abdominal obesity indices, using
CAVL. In a cross-sectional study of Japanese subjects un-
dergoing health screening, we examined the association of
CAVI with abdominal obesity indices comprising ABSI,
WC, WHtR, WC/BMI ratio and the conicity index [2]. In
this study, ABSI showed the highest discriminatory power
for CAVI above 9.0 (the cutoff value for coronary artery dis-
ease) compared to the other indices. In addition, stratified
analyses dividing each index into tertiles showed that BMI
and WC correlated negatively with confounders-adjusted
CAVI (Fig. 2A,B, Ref. [43]), whereas ABSI correlated pos-
itively (Fig. 2C). Furthermore, ABSI of 0.080 was the cutoff
value corresponding to a CAVI of 9.0 in both sexes. These
findings suggest that high ABSI, defined for convenience as
0.080 or higher, may be the most suitable marker of abdom-
inal obesity. We thus propose replacing high WC with high
ABSI in MetS diagnosis criteria to refine risk stratification,
as shown in Table 2.

All three representative diagnostic criteria for MetS
(Japanese, IDF, and NCEP-ATPIII) use WC as the indica-
tor of abdominal obesity. However, their cutoff values dif-
fer from each other. We propose to change the criteria for
abdominal obesity in all three diagnostic criteria, replacing
high WC with ABSI >0.080 for both men and women. Fur-
thermore, we examined whether using ABSI-based MetS
criteria (ABSI-MetS) has superior clinical significance than
the conventional WC-based MetS criteria (WC-MetS).

8. Clinical Significance of Replacing High
WC with High ABSI in MetS Diagnostic
Criteria

We examined the clinical significance of ABSI-MetS
in 5438 Japanese urban residents (median age 48 years) who
participated in a health screening program for four consec-
utive years, as shown in Fig. 3 (Ref. [2]). MetS was essen-
tially diagnosed using the Japanese criteria.

Individuals diagnosed with MetS using ABSI-MetS
had significantly higher age-adjusted CAVI compared with
non-MetS individuals (Fig. 3C), whereas no significant dif-
ference in age-adjusted CAVI was found between MetS and
non-MetS individuals diagnosed using WC-MetS (Fig. 3A).
The finding that individuals with MetS diagnosed using
WC-MetS do not necessarily show high CAVI is consis-
tent with the results of a large European multicenter study
[45]. Similarly, replacing high WC with high ABSI in
MetS diagnostic criteria has been shown to be useful for
identifying individuals with relatively high CAVI in stud-
ies of Japanese workers [51] and in the general Korean
population [46]. Furthermore, in our study, Kaplan-Meier
analysis of new-onset kidney function decline (¢GFR <60
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mL/min/1.73 m?) showed a significant difference in the in-
cidence of kidney function decline between Met and non-
Met individuals diagnosed using ABSI-MetS (Fig. 3D), but
no significant difference between the two groups when us-
ing WC-MetS (Fig. 3B). The ability of ABSI-MetS to pre-
dict kidney function decline remained after adjustment for
confounders including age, proteinuria, and treatment for
metabolic disorders in a Cox-proportional hazard analysis.
In other words, replacing high WC with high ABSI in the
MetS diagnostic criteria more efficiently identified subjects
at risk of kidney function decline and systemic arterial stift-
ening.

9. Concern and Prospect Regarding ABSI

Unlike WC, ABSI can precisely assess the vascular
toxicity induced by visceral fat accumulation by minimiz-
ing the vasoprotective body composition influence reflected
in BMI (i.e., the obesity paradox). However, it is un-
clear what therapeutic interventions can effectively reduce
ABSI, and it is also not known whether improved ABSI
contributes to a reduction in clinical outcomes. Moreover,
there is a limitation regarding ABSI in that it is inferior to
existing abdominal obesity indices in identifying abdomi-
nal obesity-related metabolic disorders [52]. To substanti-
ate this, ABSI has also been reported to have a relatively
weak association with visceral fat areas evaluated by com-
puted tomography [53].

As an explanation for this unsolved concern men-
tioned above, we speculate a possibility that high ABSI
does not necessarily reflect excess visceral fat accumula-
tion. We have reported that increased ABSI reflects ab-
dominal bulging beyond that expected for a given BMI, or a
geometric change from cylindricity to conicity [2]. Hence,
reduced skeletal muscle mass relative to WC may also re-
sult in higher ABSI. This consideration is consistent with a
previous report that stated high ABSI reflects the risk of sar-
copenia, including decreased hand grip strength [54]. Re-
cently, sarcopenia per se has been associated with vascular
dysfunction [55] and kidney function decline [56]. In the
future, the detailed relationship of ABSI with body compo-
sition needs to be clarified, including skeletal muscle mass.
If this is achieved, MetS diagnosis utilizing ABSI has the
potential to identify new pathophysiological conditions be-
yond visceral fat accumulation.

10. Conclusions

The present review illustrates that the use of ABSI in
MetS criteria can detect individuals with arterial stiffening,
which may lead to efficient stratification of the risk of kid-
ney function decline. Future research should examine the
following clinical questions: (1) whether MetS diagnosis
utilizing high ABSI also predicts CVD morbidity and mor-
tality; and (2) whether a therapeutic intervention that re-
duces ABSI is useful for improving clinical outcomes, in-
cluding metabolic disorders and atherosclerotic diseases.
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