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Abstract
Based on the obesity paradox, people with a normal body mass index (BMI) may have a higher risk of mortality than those
with a BMI that falls within the obese range. Despite the availability of other anthropometric measures, obesity is commonly
evaluated based on BMI. A body shape index (ABSI) and body roundness index (BRI) have recently been proposed as new
anthropometric measures that are calculated with height, weight, and waist circumference. This study investigated the
associations between the traditional and new body composition indices and arterial stiffness using the brachial-ankle pulse
wave velocity (baPWV). Overall, 3512 individuals (1228 men and 2284 women) were enrolled and were divided into two
groups according to BMI. Multiple regression analysis was performed to assess the relationship between baPWV and body
composition. baPWV was significantly associated with ABSI (β= 0.087, p= 0.002), visceral adipose tissue (VAT; β=
0.081, p= 0.002), and the visceral/subcutaneous adipose tissue (VAT/SAT) ratio (β= 0.108, p < 0.001) in non-obese men.
In non-obese women, baPWV was significantly associated with several variables but not the VAT/SAT ratio. Similarly,
baPWV was significantly associated with BMI (β= 0.103, p= 0.038), BRI (β= 0.104, p= 0.036), VAT (β= 0.167, p=
0.001), and the VAT/SAT ratio (β= 0.106, p= 0.028) in obese women. ABSI can be used with high accuracy to evaluate fat
distribution in non-obese men to predict arterial stiffness. However, the BRI should be used in addition to BMI to assess the
body composition of women more accurately. ABSI and the BRI can be used to identify predictors of vascular remodeling or
organic vascular dysfunction.
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Introduction

Obesity is an established risk factor for type 2 diabetes,
arteriosclerosis, and cardiovascular disease (CVD) [1–3].
However, some studies have shown that obesity as defined
by body mass index (BMI) has a protective effect on health
and reduces all-cause mortality [4–6]. This phenomenon in
which people with a normal BMI may have a higher risk of

mortality than those with a BMI within the obese range is
called the “obesity paradox” [6, 7].

New indices, namely, a body shape index (ABSI) and the
body roundness index (BRI), have been recently proposed
as anthropometric measures. ABSI was proposed as a new
anthropometric measure in 2012, and it is calculated with
waist circumference (WC), BMI, and height [8, 9]. Several
studies have reported that ABSI is more strongly associated
with mortality than BMI or WC [9–11]. It is also known
that ABSI is associated with cardiometabolic risk factors
and arterial stiffness [8, 12]. Furthermore, high score of
ABSI may be more related to visceral adipose tissue (VAT)
than peripheral adipose tissue [9].

The BRI is another composition index that is based on
WC and height [13] and is considered a predictor of
body fat and VAT. One study showed that ABSI was
the best predictor of coronary heart disease in men,
whereas the BRI was the best anthropometric index in
women [14].
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Several studies have indicated that VAT is more
strongly associated with metabolic risk and cardiovascular
risk than subcutaneous adipose tissue (SAT) [15–17].
However, this association is unclear, and conflicting
results have been obtained [18, 19]. VAT may also show a
U-shaped pattern similar to that of BMI; thus, it may
also reflect the “obesity paradox” [18]. The obesity
paradox status can be described using several concepts,
including “metabolically healthy/unhealthy obesity,”
which describes patients with non-obesity/obesity using
major metabolic factors instead of BMI [6]. In general,
studies have shown that fat distribution, and not fat
deposit, is the key factor explaining the obesity paradox
[6]. The VAT/SAT ratio is used as a metric index of fat
distribution, and some studies have suggested that the
VAT/SAT ratio is associated with cardiometabolic risk
and mortality [17, 19] and CVD [20].

Despite the availability of other anthropometric mea-
sures, obesity is commonly evaluated according to BMI,
and people with a normal BMI but at high risk of mortality
tend to slip by health examinations based on their normal
BMI. ABSI and BRI, to a greater extent than BMI, are
useful surrogate biomarkers of CVD that can be used to
circumvent the obesity paradox. Arterial stiffness is a
known high-risk factor of CVD and other cardiovascular
conditions [21]. We selected the brachial-ankle pulse wave
velocity (baPWV) to evaluate arterial stiffness since
baPWV is a currently used, basic, widely accepted assess-
ment tool. This study aimed to investigate the differences in
using traditional and new body composition indices to
evaluate arterial stiffness.

Methods

Participants

The Japan Multi-Institutional Collaborative Cohort Study
was launched in 2005 to investigate gene–environmental
interactions in lifestyle-related diseases [22]. This study
included individuals who were enrolled in the Japan Multi-
Institutional Collaborative Cohort Study second survey in
the Kyoto area from 2013 to 2017. A total of 3913 parti-
cipants were eligible for the analyses. All subjects under-
went a routine health checkup. Among these 3913
participants, 401 were excluded; 353 were excluded due to
insufficient laboratory data, and 48 were excluded due to
the absence of other data. After these exclusions, 3512
individuals (1228 men and 2284 women) were eligible for
the analyses. The participants were divided into four groups
by obesity status and sex based on previous studies indi-
cating that differences in BMI and/or sex influenced arterial
stiffness [23, 24].

The study was approved by the Institutional Ethics
Committee of the Kyoto Prefectural University of Medicine
(approval number: RBMR-E-36–8 at 2013) and was con-
ducted in accordance with the principles of the Declaration
of Helsinki. All participants provided written informed
consent before participation.

Clinical and biochemical analyses

The following lifestyle and medical information obtained
through self-administered questionnaires was evaluated:
alcohol consumption status (ethanol/day), smoking status
(assessed using the Brinkman index (number of cigarettes
smoked per day × total number of years smoked)), sleeping
time, current medications, and physical activity (assessed as
metabolic equivalents (METs) [25] for daily and leisure
activities). The alcohol content of each type of beverage
(Japanese sake, beer, shochu, whiskey and wine) was calcu-
lated; the alcohol consumption was determined by calculating
the number of drinks per day, and this amount was converted
into 23 g of ethanol. In addition, anthropometric data obtained
from the health check-ups were collected. WC was measured
at the umbilical level during minimal respiration in a standing
position. BMI was calculated as weight divided by the square
of the height (kg/m2). ABSI and the BRI were calculated
based on previous studies [9, 13].

VAT and SAT were measured using a dual bioelectrical
impedance analyzer (DUALSCAN, Omron Healthcare Co.
Ltd., Kyoto, Japan). The brachial-ankle pulse wave velocity
(baPWV), used to evaluate arterial stiffness, was measured
with a volume-plethysmographic apparatus (BP-203RPE II
form PWV/ABI, Omron Healthcare Co. Ltd., Kyoto,
Japan). We simultaneously measured baPWV on both the
right and left sides, and the average values in each indivi-
dual were subjected to statistical analysis. The cut-off point
for obesity was set at a BMI of 25 kg/m2 according to the
definition of obesity in Japan [26].

Statistical analysis

Continuous variables were expressed as the means ± stan-
dard deviations (SDs) or range. Spearman’s rank correlation
analysis was performed to assess the relationship between
the baPWV and other variables, including body composi-
tion. Multiple regression analysis was performed to assess
the combined influence of variables on baPWV. To exam-
ine the effects of various factors on baPWV, the following
factors were considered as independent variables: age, daily
alcohol consumption, Brinkman index, sleeping time,
METs, drug treatment for hypertension, dyslipidemia, and
diabetes. All statistical analyses were performed using SPSS
statistical software version 25 (IBM Japan, Tokyo, Japan),
and P < 0.05 was considered statistically significant.
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Results

A total of 3512 participants were divided into two groups
according to the BMI cut-off of 25 kg/m2. The anthropo-
metric measurements and questionnaires used in this study
are shown in Table 1. The mean ABSI was 0.080 in both
obese (mean age, 58.4 years; n= 347) and non-obese men
(mean age: 58.7 years; n= 881). ABSI was not different
among those who were obese. Moreover, the mean ABSI
was 0.081 in non-obese women (mean age: 56.9 years; n=
1983) and 0.082 in obese women (mean age: 58.2 years; n
= 301). The mean VAT/SAT ratio was 0.543 in non-obese
men and 0.560 in obese men. Moreover, the mean VAT/
SAT ratio was 0.434 in non-obese women and 0.385 in
obese women. The VAT/SAT ratio was not significantly
different between non-obese and obese men, whereas it was
significantly different between obese and non-obese
women.

Correlations between baPWV and the anthropometric
indices are shown in Table 2. In non-obese men, baPWV
was significantly related to all indices: BMI (coefficient=
0.073, p= 0.030), ABSI (coefficient= 0.321, p < 0.001),

BRI (coefficient= 0.301, p < 0.001), WC (coefficient=
0.164, p < 0.001), VAT (coefficient= 0.217, p < 0.001),
SAT (coefficient= 0.098, p= 0.004), and the VAT/SAT
ratio (coefficient= 0.194, p < 0.001). However, baPWV
was only associated with ABSI (coefficient= 0.255, p <
0.001), BRI (coefficient= 0.232, p < 0.001), VAT (coeffi-
cient= 0.207, p < 0.001), and the VAT/SAT ratio (coeffi-
cient= 0.286, p < 0.001) among obese men. Among
non-obese women, baPWV was also related to all indices:
BMI (coefficient= 0.135, p < 0.001), ABSI (coefficient=
0.342, p < 0.001), BRI (coefficient= 0.346, p < 0.001), WC
(coefficient= 0.252, p < 0.001), VAT (coefficient= 0.323,
p < 0.001), SAT (coefficient= 0.206, p < 0.001), and the
VAT/SAT ratio (coefficient= 0.136, p < 0.001); however,
baPWV was only associated with ABSI (coefficient=
0.236, p < 0.001), BRI (coefficient= 0.232, p < 0.001),
VAT (coefficient= 0.274, p < 0.001), and the VAT/SAT
ratio (coefficient= 0.248, p < 0.001) in obese women.

Multiple regression analysis was then performed to
identify the variables that were strongly associated with
baPWV (Table 3). When the number of adjustment factors
increased from Model I to III, the number of body

Table 1 Characteristics of participants according to obesity

Men Women

Non-obesity Obesity Non-Obesity Obesity

n= 881 n= 347 n= 1983 n= 301

Mean/
median

SD/mini-
max

Mean/
median

SD/mini-
max

p-value Mean/
median

SD/mini-
max

Mean/
median

SD/mini-
max

p-value

Age (years) 58.7 10.3 58.4 9.87 0.407 56.9 9.96 58.2 9.64 0.032

BMI (kg/m2) 22.1 1.88 27.2 1.95 <0.001 20.7 2.08 27.5 2.51 <0.001

WC (cm) 81.5 6.28 93.6 6.28 <0.001 76.5 6.92 93.3 7.17 <0.001

ABSI 0.080 0.004 0.080 0.004 0.301 0.081 0.005 0.082 0.004 0.001

BRI 3.03 0.669 4.47 0.819 <0.001 3.19 0.866 5.45 1.03 <0.001

VAT (cm2) 67.5 28.9 109 32.3 <0.001 46.3 20.4 88.0 32.1 <0.001

SAT (cm2) 124 37.2 198 42.2 <0.001 116 50.4 239 62.4 <0.001

VAT/SAT ratio 0.543 0.191 0.560 0.157 0.098 0.434 0.190 0.385 0.150 <0.001

METs 13.8 10.5 13.9 10.8 0.837 15.0 10.1 14.4 10.9 0.070

Brinkman index 363 0–3060 490 0–3300 0.024 0 0–1960 0 0–2580 0.080

Alcohol (g/day) 12.7 0–250 14.3 0–128 0.248 0 0–117 0 0–116 0.081

sleep time (hour) 6.50 3–10 6.00 3–9 0.005 6.00 3–10 6.00 3–10 0.016

PWV (cm/s) 1482 330 1474 303 0.684 1354 318 1445 296 <0.001

Drug treatment n % n % n % n %

Hypertension 175 19.9 129 37.2 <0.001 201 10.1 80 26.6 <0.001

Dyslipidemia 130 14.8 78 37.5 0.002 250 12.6 74 24.6 <0.001

Diabetes 40 4.50 32 9.20 0.003 24 1.20 15 5.00 <0.001

BMI body mass index, WC waist circumference, ABSI a body shape index, BRI body roundness index,

VAT visceral adipose tissue, SAT subcutaneous adipose tissue, METs metabolic equivalents, PWV pulse wave velocity

p-values were determined using Wilcoxon test or Chi-squared test between status
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composition factors that were significantly associated with
baPWV tended to decrease. The interaction between
baPWV and body composition was influenced by hyper-
tension, dyslipidemia, diabetes, and lifestyle factors in both
men and women.

Notably, the results were different between non-obese
and obese men. As shown in model III, baPWV was sig-
nificantly associated with ABSI (β= 0.087, p= 0.002),
VAT (β= 0.081, p= 0.002), and the VAT/SAT ratio (β=
0.108, p < 0.001) in non-obese men. However, baPWV was
only related to the VAT/SAT ratio in obese men. These
results showed that the VAT/SAT ratio was the key factor
that was strongly correlated with baPWV.

In non-obese women, baPWV was significantly asso-
ciated with several variables, with the exception of the
VAT/SAT ratio (β= 0.022, p= 0.205), as follows: BMI
(β= 0.046, p= 0.007), ABSI (β= 0.090, p < 0.001), BRI
(β= 0.099, p < 0.001), WC (β= 0.079, p < 0.001), VAT
(β= 0.130, p < 0.001), and SAT (β= 0.096, p < 0.001) in
model III. Similarly, baPWV was significantly associated
with BMI (β= 0.103, p= 0.038), BRI (β= 0.104, p=
0.036), VAT (β= 0.167, p= 0.001), and the VAT/SAT
ratio (β= 0.106, p= 0.028) in obese women.

Discussion

Obesity is an established risk factor for CVD. Currently,
obesity is identified based on BMI or WC [6, 23, 27].
However, individuals with a BMI >30 or <18.5 have high
mortality rates [6, 28, 29]. In the obesity paradox, obesity
has a protective effect on health and reduces the risk of all-
cause mortality. This paradox indicates that non-obese
metabolically unhealthy people have a higher risk of CVD
than those who are obese and metabolically healthy.

Fat distribution should also be categorized differently
based on non-obese or obese status because the body
composition is different, and the metabolic status cannot be
accurately assessed using only one index, such as BMI.
Although BMI is widely used, it does not accurately mea-
sure fat content, reflect the proportions of muscle and fat, or
account for sex and racial differences in fat content and the
distribution of visceral and subcutaneous fat [9]. Thus, BMI
cannot accurately reflect fat distribution. The relationship
between body composition indices and baPWV differs
according to obesity and/or sex (Table 2). Furthermore, an
analysis adjusted for lifestyle and anamnesis in men showed
no relationship between BMI and baPWV (Table 3), indi-
cating that fat distribution influences changes in baPWV. It
was very difficult to find non-obese metabolically unhealthy
people. BMI or WC is commonly used to determine obesity
or non-obesity in the general population. However, other
indices can be used to measure body composition. In par-
ticular, VAT, SAT, and the VAT/SAT ratio can be used to
evaluate fat deposits and distribution. ABSI and the BRI are
newer indices that can be calculated easily [9, 13]; there-
fore, we focused on ABSI and the BRI calculated with WC,
BMI, and height. Some studies reported that ABSI and the
BRI were associated with CVD [8, 12, 14]. However,
whole-body vibration training led to reductions in arterial
stiffness, central blood pressure, and wave reflections in
young obese women [30]. An effective intervention should
be focused on vascular health promotion and obesity pre-
vention in young obese patients. Using cost-effective basic
assessment tools, such as ABSI and the BRI anthropometric
indices, arterial stiffness can be assessed, thus allowing for
early clinical management of patients.

Multiple regression analysis showed that baPWV was
correlated with ABSI, VAT, and the VAT/SAT ratio among
non-obese men, whereas baPWV was only correlated with

Table 2 Correlations between
baPWV and anthropometric
indices

Men Women

Non-obesity Obesity Non-obesity Obesity

n= 881 n= 347 n= 1983 n= 301

Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value

BMI 0.073 0.030 0.014 0.789 0.135 <0.001 −0.008 0.885

ABSI 0.321 <0.001 0.255 <0.001 0.342 <0.001 0.236 <0.001

BRI 0.301 <0.001 0.232 <0.001 0.346 <0.001 0.232 <0.001

WC 0.164 <0.001 0.073 0.174 0.252 <0.001 0.099 0.086

VAT 0.217 <0.001 0.207 <0.001 0.323 <0.001 0.274 <0.001

SAT 0.098 0.004 −0.040 0.460 0.206 <0.001 0.041 0.484

VAT/SAT ratio 0.194 <0.001 0.286 <0.001 0.136 <0.001 0.248 <0.001

BMI body mass index, WC waist circumference, ABSI a body shape index, BRI body roundness index,

VAT visceral adipose tissue, SAT subcutaneous adipose tissue,METs metabolic equivalents, PWV pulse wave
velocity
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the VAT/SAT ratio among obese men. In contrast, baPWV
was not correlated with BMI or WC. These results indicate

that fat distribution is more important than fat deposits in
men. Among non-obese women, baPWV was correlated

Table 3 Comparison of the association of various anthropometric measures of fat distribution based on obesity status

Model Ia Model IIb Model IIIc

Beta p-value aR2 Beta p-value aR2 Beta p-value aR2

Men Non-
obesity
n= 881

BMI 0.003 0.920 0.368 −0.018 0.497 0.409 −0.030 0.240 0.449

ABSI 0.127 <0.001 0.382 0.098 0.001 0.417 0.087 0.002 0.454

BRI 0.085 0.003 0.375 0.054 0.052 0.411 0.036 0.192 0.449

WC 0.047 0.081 0.370 0.014 0.605 0.409 0.002 0.942 0.448

VAT 0.125 <0.001 0.384 0.097 <0.001 0.418 0.081 0.002 0.454

SAT 0.035 0.191 0.370 0.018 0.496 0.409 0.009 0.723 0.448

VAT/
SAT
ratio

0.143 <0.001 0.389 0.122 <0.001 0.423 0.108 <0.001 0.459

Obesity
n= 347

BMI 0.048 0.289 0.294 0.039 0.387 0.326 0.028 0.535 0.329

ABSI 0.057 0.235 0.295 0.034 0.481 0.326 0.023 0.629 0.328

BRI 0.099 0.035 0.301 0.078 0.093 0.331 0.066 0.157 0.332

WC 0.048 0.294 0.294 0.025 0.570 0.326 0.009 0.835 0.328

VAT 0.136 0.003 0.310 0.098 0.033 0.334 0.088 0.065 0.335

SAT 0.011 0.803 0.292 0.006 0.888 0.325 −0.006 0.895 0.328

VAT/
SAT
ratio

0.137 0.004 0.309 0.100 0.037 0.334 0.098 0.047 0.336

Women non-
obesity
n= 1983

BMI 0.063 <0.001 0.411 0.062 <0.001 0.412 0.046 0.007 0.438

ABSI 0.103 <0.001 0.416 0.099 <0.001 0.419 0.090 <0.001 0.443

BRI 0.120 <0.001 0.419 0.118 <0.001 0.420 0.099 <0.001 0.444

WC 0.099 <0.001 0.416 0.096 <0.001 0.417 0.079 <0.001 0.442

VAT 0.153 <0.001 0.429 0.151 <0.001 0.429 0.130 <0.001 0.451

SAT 0.112 <0.001 0.419 0.111 <0.001 0.420 0.096 <0.001 0.445

VAT/
SAT
ratio

0.026 0.137 0.407 0.026 0.144 0.409 0.022 0.205 0.436

Obesity
n= 301

BMI 0.108 0.025 0.334 0.108 0.028 0.330 0.103 0.038 0.339

ABSI 0.028 0.586 0.324 0.023 0.658 0.319 0.017 0.746 0.330

BRI 0.109 0.023 0.335 0.107 0.028 0.330 0.104 0.036 0.339

WC 0.084 0.076 0.330 0.082 0.092 0.325 0.074 0.133 0.335

VAT 0.178 <0.001 0.355 0.176 <0.001 0.350 0.167 0.001 0.356

SAT 0.090 0.090 0.330 0.084 0.085 0.326 0.077 0.116 0.335

VAT/
SAT
ratio

0.118 0.014 0.337 0.114 0.018 0.331 0.106 0.028 0.340

BMI body mass index, WC waist circumference, ABSI a body shape index, BRI body roundness index,

VAT visceral adipose tissue, SAT subcutaneous adipose tissue, METs metabolic equivalents, PWV pulse wave velocity
aAdjusted for age
bAdjusted for age, daily alcohol drinking, brinkman index, sleeping time, METs
cAdjusted for age, daily alcohol drinking, brinkman index, sleeping time, METs, drug treatment for hypertension, dyslipidemia and diabetes
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with all indices except for the VAT/SAT ratio, whereas
baPWV was correlated with BMI, BRI, VAT, and the VAT/
SAT ratio among obese women. Moreover, baPWV was
more strongly correlated with BRI (β= 0.099) than BMI
(β= 0.046) among non-obese women. These results indi-
cated that although BMI and WC are widely used, they are
insufficient to accurately identify metabolically healthy/
unhealthy men and women. Thus, the influence of adipose
tissue distribution on health should also be evaluated based
on sex differences.

Adipose tissue distribution typically differs between men
and women. Men generally have larger amounts of VAT
than women, while women have larger amounts of SAT
[23, 31]. These sex differences in adipose tissue distribution
may contribute to a more insulin-sensitive environment in
women, as visceral and hepatic adiposity is associated with
increased insulin resistance [31]. The mean value of VAT/
SAT in men and women with/without obesity is described
in Table 1. These data indicate that due to obesity, men have
more VAT than SAT compared with women. Moreover,
normal weight evaluated by BMI may mask metabolically
healthy or unhealthy conditions because VAT accumulation
could not be detected. Some studies have reported that VAT
is a more important risk factor than SAT, independent of
total accumulation of fat [17, 19]. Increased VAT accu-
mulation causes vascular inflammation and insulin resis-
tance; thus, it is associated with atherosclerosis, diabetes,
and CVD [17, 19]. In particular, VAT is related to baPWV
among non-obese individuals of both sexes. These differ-
ences in fat distribution by sex and obesity status indicate
that ABSI is the most reliable index to assess metabolic
status in non-obese men, while BRI is the index of choice
for assessing metabolic status in women.

This study has some limitations. First, its cross-sectional
design and the inclusion of only Japanese participants limits
its applicability to the general population. Further studies in
other ethnic groups are needed to validate our findings. The
strength of the study is that a large number of participants
were included, and we implemented a population-based
cohort design. Another limitation is that the mean cut-off
values for ABSI and BRI have yet to be established; thus,
we were not able to categorize the ABSI and BRI of the
participants.

ABSI has high accuracy for evaluating fat distribution in
non-obese men to predict arterial stiffness. However, the
BRI should be used among women in addition to BMI to
assess body composition more accurately. ABSI and the
BRI can be used to identify metabolically healthy/unhealthy
individuals and can act as predictors for vascular remodel-
ing or organic vascular dysfunction.
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