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Background: Obesity is an important risk factor of cardiovascular disease (CVD).
Atherosclerosis can be considered an important signal of CVD. Primary physicians can
reduce the risk of CVD by preventing and treating obesity. Therefore, finding a tool to
diagnose the association of obesity with arteriosclerosis is important. The association
between obesity parameters and arterial stiffness remains controversial. To our knowledge,
no previous studies reported the relationships between multiple new anthropometric para-
meters (a body shape index [ABSI], body round index [BRI], and visceral adiposity index
[VAI]) and brachial-ankle wave velocity (ba-PWV) as an indicator of CVD risk, especially in
the Korean population.

Objective: To investigate the relationships between arterial stiffness (assessed using ba-
PWV) and anthropometric parameters estimated on the basis of body mass index (BMI),
waist circumference (WC), ABSI, BRI, and VAI, and to identify the indicators of obesity that
best represents CVD risk.

Methods: A total of 2,647 adults (1,474 men and 1,173 women) were recruited for this
cross-sectional study. The correlations between the anthropometric indexes (BMI, WC,
ABSI, BRI, and VAI) and mean ba-PWV were analyzed. A multivariate linear regression
analysis was performed to evaluate the association between each anthropometric and the
presence of arterial stiffness.

Results: We investigated the relationships between the obesity parameters and ba-PWV by
adjusting the covariates (age, diabetes mellitus [DM], hypertension [HTN], and smoking
status) related to the mean ba-PWV. In the multivariate regression analysis, ABSI (men:
£ =0.066, p<0.01; women: f =0.087, p<0.001) and VAI (men: g =0.067, p<0.01; women:
£ =0.136, p<0.001) were found to be significantly correlated with the mean ba-PWYV in both
men and women in Korea.

Conclusion: Among the new obesity indices, ABSI and VAI were found to be significantly
associated with arterial stiffness, represented by the mean ba-PWYV, in both men and women
in Korea. These results suggest that ABSI and VAI may be convenient, highly cost-eftective,
and simple assessment tools for obesity and CVD risk in clinical practice.
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Introduction

Obesity is defined as a physiological state of chronic imbalance in systemic energy
metabolism in which the caloric intake exceeds energy expenditure.' Visceral fat
can especially produce many compounds with autocrine, paracrine, and endocrine
activities, which could influence metabolism and the cardiovascular system.’
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Therefore, obesity is an important risk factor of cardiovas-
cular disease (CVD).>* Physicians can play an important
role in reducing the CVD risk through obesity prevention
and treatment. Therefore, identifying a tool to diagnose
obesity, which has been found to be significantly asso-
ciated with arteriosclerosis, that can be easily used in
clinical practice is important. The body mass index
(BMI) has been widely used as a diagnostic index of
general obesity, but it does not differentiate muscle and
fat masses, or reflect fat distribution.>> Waist circumfer-
ence (WC), a simple anthropometric parameter of abdom-
inal obesity or fat distribution, has been suggested as an
alternative to BMI. However, several studies have revealed
that WC is highly correlated to BMI; consequently, its
usefulness on its own is limited.*” To overcome these
limitations, new anthropometric parameters were identi-
fied. In 2010, Amato et al developed the visceral adiposity
index (VAI), a sex-specific indicator of visceral fat distri-
bution based on WC and BMI, and triglyceride (TG) and
high-density lipoprotein-cholesterol (HDL-C).*'° In the
study of Amato and Giordano,' the VAI was discovered
as a valuable index of visceral fat function and insulin
sensitivity, which showed high correlation with cardiome-
tabolic risk. Krakauer et al proposed a new indicator
known as a body shape index (ABSI), using a standardized
WC based on BMI and height, and found that it reflects
mortality hazard better than BMI and WC.>'"'> The body
roundness index (BRI), an indicator of body fat and visc-
eral adipose tissue percentage, was invented by Thomas et
al (2013) and is suggested to be useful for evaluating
health status.>'?

Arterial stiffness is a pathological disorder that con-
tributes to both CVD and mortality due to vascular
damage. Aortic pulse wave velocity (aPWV) is an inde-
pendent predictor of CVD.'"* A recent study by
Tsuchikura and Shoji'> showed that brachial-ankle wave
velocity (ba-PWYV), a more convenient tool to evaluate
is highly correlated with aPWV.
Therefore, ba-PWV can also be used as a surrogate mar-
ker of CVD risk.”"?

Previous studies showed that obesity parameters were

arterial stiffness,

risk factors of arterial stiffness, but this finding has been
controversial. To our knowledge, no previous studies
reported the relationship between multiple new anthropo-
metric parameters (ABSI, BRI, and VAI) and ba-PWYV, as
an indicator of CVD risk, especially in the Korean popu-
lation. Therefore, this study aimed to investigate the
relationship between arterial stiffness (assessed using

ba-PWV) and anthropometric parameters estimated on
the basis of BMI, WC, ABSI, BRI, and VAI.

Methods

Participants

We conducted a cross-sectional study based on data
obtained from medical records. We included participants
who underwent a routine health checkup at a health pro-
motion center of the Pusan National University Hospital
between January 2013 and December 2015. A total of 398
individuals were excluded on the basis of the following
criteria: ABI <0.9, implying the presence of peripheral
arterial disease; BMI <18.5 kg/m?; history of CVD (his-
tory of coronary artery disease, myocardial infarction,
stroke, and history of medication for diagnosed angina);
and ba-PWV >3.0 standard deviations from the mean
value. Finally, 2,647 adults (1,474 men and 1,173
women) were included in this study.

All the participants completed a questionnaire and
were interviewed by the physician regarding their medical
history, family history, and lifestyle information (including
smoking status, alcohol consumption, and exercise habit).
Diabetes mellitus (DM), hypertension (HTN), or dyslipi-
demia history was defined as a history of medication use
or physician diagnosis. CVD history was defined as the
presence of a previous coronary artery disease, myocardial
infarction, stroke, and history of medication use for a
diagnosed angina. Smoking status was classified as smoker
(current and ex-smokers) and non-smoker (those who had
never smoked). Moderate drinking was defined as consum-
ing >14 g of alcohol per day for women and >28 g of
alcohol per day for men.'® Physical activity was defined as
moderate to severe physical activity for >150 min per
week.”

This study was eligible for exemption from IRB review
because it was based on retrospective medical record and
the data was anonymous. The study protocol was approved
by the Institutional Review Board of Pusan National
University Hospital (PNUH, IRB No. H-1811-004-072).

Data collection

Anthropometric parameters

Weight and height were measured in light clothing and
without wearing shoes by using a digital scale with an
accuracy of 0.1 kg and 0.1 cm, respectively. WC was
measured with a tape measure in the middle of the
lower border of the ribs and the iliac crest. BMI was
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calculated as weight (kg) divided by the square of
height (m).
ABSI, BRI, and VAI were calculated using the follow-

ing formulas:*'®

e ABSI

wC

ABSI = : ]
(BMIE x heighti)

e BRI

(%)’

BRI =364.2 —365-5 X 4|1 ————
(0.5 x height)

e VAI

wC (TG
39.68 + (1.88 x BMI) 1.03

1.31
X [
HDL

Females : VAI = (

Males : VAI = (

we « (X6
36.58 + (1.89 x BMI) 0.81

1.52
X [
(HDL>

Ba-pwv measurement
Ba-PWV as an indicator of arterial stiffness’ was measured

in supine position after a 5-min rest by using an automated
device (Model BP-203RPE-III, Omron, Japan). The instru-
ment collected waveform data from cuff sensors applied on
the right brachium and both ankles. The ba-PWYV value was
automatically calculated using the following equation: ba-
PWYV = (La — Lb)/Tba. Tba represents that time intervals
between the brachium and the ankle. La represents the
distance from the heart to the ankle in the following equa-
tion: (La) =0.8129x% height (cm) +12.328. Lb represents the
distance from the heart to the right brachium in the follow-
ing equation: (Lb) =0.2195x height (cm) — 2.0734."° The
mean ba-PWYV (right and left) values were used for the
analysis.

Laboratory measurements
Venous blood samples were obtained from the antecubital
vein after an overnight fast of at least 8 h to measure the

total cholesterol, HDL-C, TG, and fasting plasma glucose
levels using a certified auto-analyzer (Hitachi 7600
Analyzer [Hitachi Co., Ltd., Tokyo, Japan] and Synchron
LX 20 [Beckman Coulter, Fullerton, CA, USA]). High-
sensitivity C-reactive protein (hs-CRP) levels were
assessed using a Behring BN II Nephelometer (Dade

Behring, Marburg, Germany).

Statistical analyses

The baseline characteristics of continuous data were pre-
sented as mean and standard deviation, whereas categori-
cal data were expressed as frequencies (n, number) and
percentages (%). The chi-square or two-sample #-test was
used to compare demographic and clinical characteristics
between the men and women. The Pearson correlation
coefficients are calculated to determine the correlation
between the anthropometric parameters and the mean ba-
PWV. Considering the difference between the anthropo-
metric parameters and the mean ba-PWV in the men and
women, the participants were divided into two groups
according to sex, and the data were analyzed separately.
A standardized linear regression analysis was performed to
determine the effects of demographic and clinical charac-
teristics, and anthropometric parameters on the mean ba-
PWYV, unadjusted and adjusted for age. To examine the
association between the obesity parameters and the mean
ba-PWYV, and the covariates, a final multivariate linear
regression analysis was performed. A two-tailed p-value
of <0.05 was considered statistically significant. All statis-
tical analyses were performed using SPSS ver. 21.0 for
Windows (SPSS, Inc., Chicago, Illinois, USA).

Results

The baseline characteristics of 2,467 participants are pre-
sented in Table 1. The participants consisted of 1,474 men
(55.69%) and 1,173 women (44.31%), with a mean age of
46.42+11.74 years (men: 47.19+11.22 years; women:
45.45+12.30 years). The mean ba-PWV was 1300.53
+209.61 and was statistically significantly higher in the
men than in the women (1345.30+187.39 vs 1244.27
+222.20, p< 0.001). Compared with the women, the men
were older and exhibited significantly higher values of the
anthropometric indexes (BMI, WC, ABSI, BRI, and VAI)
and biomarkers such as total cholesterol, TG, HDL, and
glucose levels, except CRP level (p=0.297). As the unit of
ABSI is too small, ABSI x100 is represented in Tables 1,
3, and 4. No significant differences in diabetes mellitus
and dyslipidemia histories and physical activity were
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Table | Baseline characteristics of the participants N=2647

Variable Total Male Female pt
(n=2647) (n=1474) (n=1173)

Age (y) 46.42%11.74 47.19£11.22 45.45%12.30 <0.00 |

Anthropometric Index
BMI (kg/m?) 23.83+3.16 24.65+2.91 22.79+3.16 <0.00 |
WC (cm) 82.97+9.12 86.67+7.83 78.31+8.48 <0.00 | ##*
ABSI %100 7.77+0.43 7.81£0.35 7.72+0.50 <0.00 | ##*
BRI 3.35+0.97 3.46+0.86 3.23£1.08 <0.00 |
VAI 1.45%1.41 1.61x1.43 1.24+1.36 <0.00 | ##*

Biochemical Markers
TC (mg/dL) 190.95+36.30 194.03+36.03 187.28+34.94 <0.00 | ##*
TG (mmol/L) 1.24+0.87 1.46+0.97 0.91+0.48 <0.00 |
HDL (mmol/L) 1.47+0.40 1.34+0.35 1.64+0.39 <0.00 |
AST 22.48+11.91 24.63%13.30 19.79+9.22 <0.00 | ##*
BUN 12.74+4.21 13.36+4.48 11.97+3.70 <0.00 |
Cr 0.80+0.38 0.92+0.46 0.65+0.12 <0.00 |
Glu (mg/dL) 90.12+20.1 1 92.80+23.15 86.75+14.81 <0.00 |
Uric acid 5.19%1.44 5.95£1.30 4.25+0.97 <0.00 1%+
CRP 0.12+0.36 0.13£0.31 0.11+0.42 0.297
Mean ba-PWV 1300.53+209.6 1345.30+187.39 1244.274222.20 <0.00 |
SBP (mmHg) 120.82+15.66 124.66+14.77 116.00+15.43 <0.00 1%+
DBP (mmHg) 74.28+10.76 77.05+10.44 70.79+10.12 <0.00 1%+
HR (bpm) 72.95£10.50 71.84+10.23 74.35£10.67 <0.00 |

Disease History®
Diabetes mellitus, n (%) 43 5.1 34 0.35
Hypertension, n (%) 13.1 15.9 9.5 <0.00|*#*
Dyslipidemia, n (%) 10.2 1.3 8.7 0.26

Health-related Behavior
Smoking®, n (%)° 434 72.9 6.5 <0.00 |5
Drinking®, n (%)° 47.8 63.5 28.1 <0.00 | *#*
Inactivity?, n (%)° 80.2 79.3 8l1.4 0.176

Notes: **p<0.001. Values are presented as mean = SD or number (percentage). *The p-value was calculated using t and ,{2 tests. “Disease history based on medication or
the physician’s diagnosis. "Non-smokers, never smoked; smokers, have smoked. “Moderate drinking (214 g/day of alcohol for women and 224 g/day of alcohol for men).

9Inactivity, did not perform moderate-intensity exercise at least 30 min.

Abbreviations: BMI, Body mass index; WC, Waist circumference; ABSI, A body shape index; BRI, Body round index; VAI, Visceral adiposity index; TC, Total cholesterol;
TG, Triglyceride; HDL, High-density lipoprotein; AST, Aspartate aminotransferase; BUN, Blood urea nitrogen; Cr, Creatinine; Glu, Glucose; CRP, C-reactive protein; ba-
PWY, Brachial-ankle pulse wave velocity; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; HR, Heart rate.

observed between the men and women. However, the male
participants predominantly consisted of participants with a
hypertension history (men: 15.9%: women; 9.5%,
p< 0.001), smoking status (men: 72.9%; women: 6.5%,
p< 0.001), and drinking history (men: 63.5%; women:
28.1%, p< 0.001). No significant sex-related differences
were found in the proportion of participants in the inactive
groups who did not have an exercise history (men: 79.3%;
women: 81.4%, p=0.176).

In this study, traditional CVD risk factors such as
systolic blood pressure (SBP), diastolic blood pressure
(DBP), heart rate, and levels of total cholesterol, TGs,

and HDL were used to evaluate the correlations between
the obesity indexes and CVD. The results are shown in
Table 2. SBP, DBP, TC, and TG levels positively corre-
lated and HDL level negatively correlated with all the
obesity indexes. In addition, the mean ba-PWV, which
represents atherosclerosis, was significantly associated
with all the anthropometric parameters.

We confirmed whether disease history, social history
(including smoking and drinking statuses), and obesity
indices are associated with ba-PWYV (Table 3). As a result,
DM and HTN history and smoking status significantly
correlated with mean ba-PWV. In the men, BMI was not
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Table 2 Correlations of the anthropometric parameters with the CVD risk factors
BMI wcC ABSI BRI VAI AST Cr Glu CRP
SBP 0.384** 0.391** 0.1 16** 0.356** 0.183** 0.170%* 0.186** 0.173%* 0.040%*
DBP 0.367°* 0.368** 0.08|** 0.313%* 0.197%* 0.162* 0.165** 0.166** 0.029
HR —0.036 —0.051** —0.007 —0.012 0.048* 0.015 —0.021 0.075%* 0.102°*
TC 0.196** 0.195%* 0.085%* 0.207* 0.240%* 0.169** 0.046* 0.118%* —0.01'1
TG 0.357#* 0.362% 0.059** 0.274%* 0.913%* 0.173%* 0.095%* 0.243%* 0.060°**
HDL —0.363** —0.379% —0.062** —0.270%* —0.522%* —0.096** —0.152% —0.139%* —0.099**
Mean ba-PWV 0.179%* 0.259%* 0.2577* 0.303* 0.160** 0.210%* 0.163** 0.263** 0.074*

Notes: *p< 0.05, **p< 0.01, for the correlation coefficient.

Abbreviations: BMI, Body mass index; WC, Waist circumference; ABSI, A body shape index; BRI, Body round index; VAI, Visceral adiposity index; SBP, Systolic blood
pressure; DBP, Diastolic blood pressure; HR, Heart rate; TC, Total cholesterol; TG, Triglycerides; HDL, High-density lipoprotein; ba-PWYV, Brachial-ankle pulse wave velocity.

Table 3 Association between the mean ba-PWYV and the clinical characteristics or obesity parameters

Variable Male Female

Unadjusted Adjusted for age Unadjusted Adjusted for age

B SE P B SE P p SE P B SE P
Age 0.476 0.383 0.690 0.382 *
Diabetes mellitus 0.192 21.803 * 0.111 19.711 * 0.155 35.331 * 0.051 26.132 0.018
Hypertension 0.222 13.025 * 0.098 12.170 * 0.329 20.852 * 0.094 17.001 *
Dyslipidemia 0.086 15.347 0.001 0.035 13.625 0.134 0.183 22.645 * 0.029 17.098 0.175
Smoking 0.045 10.969 0.082 0.010 9.688 0.659 —0.072 26.299 0.014 0.050 19.336 0.021
Drinking —0.082 10.107 0.002 0.028 9.162 0.232 —0.178 14.204 * 0.017 10.885 0.429
Inactivity —-0.010 12.052 0.702 0.042 10.657 0.067 —0.036 16.675 0.219 0.030 12.122 0.162
BMI 0.012 1.679 0.656 0.009 1.477 0.684 0.220 2.006 * 0.121 1.485 *
wcC 0.053 0.623 0.044 0.022 0.549 0.335 0.292 0.732 * 0.142 0.559 *
ABS| x100 0.198 13517 * 0.075 12.562 0.002 0.273 12.454 * 0.095 9.648 *
BRI 0.162 5.586 * 0.063 5.087 0.007 0.389 5.550 * 0.182 4.485 *
VAI 0.045 3413 0.083 0.072 3.001 0.002 0.235 4.633 * 0.147 3410 *

Notes: *p< 0.001, for the correlation coefficient. The p-values were obtained using a generalized regression analysis.
Abbreviatiopns: f, Standardized coefficient; ba-PWYV, Brachial-ankle pulse wave velocity; BMI, Body mass index; WC, Waist circumference; ABSI, A body shape index; BRI,

Body round index; VA, Visceral adiposity index.

statistically significantly related to ba-PWV even before
age adjustment. After adjusting for age, ABSI, BRI, and
VAI were associated with mean ba-PWV. In the men, DM
and HTN histories were significantly associated with mean
ba-PWV after adjusting for age. In the women, all the
anthropometric parameters were positively associated
with the mean ba-PWV. DM and HTN histories, and
smoking status were significantly associated with the
mean ba-PWV after adjusting for age in the women
(Table 3).

Finally, the relationships between the obesity para-
meters and ba-PWV were investigated by adjusting for
covariates (men: DM and HTN histories; women: DM
history, HTN history, and smoking) related to the mean
ba-PWV. In the multivariate regression analysis, ABSI
(men: § =0.066, p<0.01) and VAI (men: § =0.067, p<0.01)

were found to be associated with the mean ba-PWYV in the
men. By contrast, all the obesity indices (WC: g =0.129,
p<0.01; BMI: g =0.108, p<0.01; ABSI x100: § =0.087,
p<0.01; BRI: g =0.167, p<0.01; and VAI: B =0.136,
p<0.01) were significantly associated with ba-PWV only
in the women. In the men, BMI was negatively associated
with the mean ba-PWYV, and the other parameters such as
WC and BRI were not statistically significant.

Discussion

Obesity is an important risk factor of cardiovascular dis-
ease (CVD). Atherosclerosis can be considered an impor-
tant signal of CVD. Primary physicians can reduce the
CVD risk by preventing and treating obesity. Therefore,
identifying a tool to diagnose obesity, which is associated
with arteriosclerosis, is important. Evaluation of ba-PWV
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Table 4 Association between the mean ba-PWYV and the anthropometric parameters

Mean ba-PWV Male Female

B p P 95% CI B p P 95% CI
wcC 0.033 0.001 0.953 —1.056 to 1.121 3.375 0.129 * 2.272-4.477
BMI —0.654 -0.010 0.660 —3.275 to 2.264 7.631 0.108 * 4.709-10.553
ABSI x100 34.895 0.066 0.005 10.362-59.429 38.667 0.087 * 19.799-57.535
BRI 9.080 0.042 0.078 —1.008 to 19.168 34.522 0.167 * 25.611-43.433
VAI 8.771 0.067 0.003 2.931-14.611 22.258 0.136 * 15.535-28.981

Notes: *p< 0.001, for the correlation coefficient. Adjustment for age, hypertension history, diabetes mellitus history, and smoking status. The p-values were obtained using a

generalized regression analysis.

Abbreviations: f, Standardized coefficient; ba-PWYV, Brachial-ankle pulse wave velocity; Cl, confidence interval; BMI, Body mass index; WC, Waist circumference; ABSI, A

body shape index; BRI, Body round index; VAI, Visceral adiposity index.

is crucial in predicting the risk of cardiovascular events
among individuals.?

We considered the mean ba-PWYV as a risk factor for
CVD and investigated its association with obesity index
(Table 2). In addition, DM and HTN histories, and smok-
ing status were significantly correlated with the mean ba-
PWV (Table 3). Finally, this cross-sectional study found
that ABSI and VAI were significantly associated with the
mean ba-PWYV in both sexes (Table 4).

Unexpectedly, BMI negatively correlated with ba-PWV
in the men (Table 4). BMI, WC, and BRI were statistically
significantly associated with mean ba-PWV only in the
women. This sex-specific difference is based on body fat
distribution. Visceral fat tends to be predominant in men,
whereas subcutaneous fat is predominant in women; this
difference might confirm the existence of such sex-related
difference.”’ Therefore, our findings can be partially
explained by the fact that BMI does not differentiate
between fat and muscle or does not reflect fat distribution.’
On the basis of the study by Czernichow et al,*> ba-PWV
did not correlate with BMI or body fat in the middle-aged
participants. The lack of a significant correlation between
WC and ba-PWYV in the male group can also be explained
by the fact that WC cannot distinguish between visceral and
subcutaneous fats.'® The BRI, which is based on height and
WC, is known as a better predictor of visceral adiposity and
body fat than BMI and WC. However, the predictive value
of BRI for metabolic syndrome and CVD risk remains
controversial. One study found its potential to identify
DM, whereas another study showed that BRI is not better
than classic obesity parameters in predicting metabolic
syndrome.** In our present study, BRI positively correlated
with ba-PWYV only in the women, which suggests that it is
not a superior measurement to identify arterial stiffness in
the Korean population. These discrepancies could be

explained by ethnic differences, and the different character-
istics and sizes of the study sample.

The ABSI, a newly proposed obesity index, was
also positively associated with visceral adiposity.”® A
previous study presented that ABSI could be a sub-
stantial marker of arterial stiffness in patients with type
2 DM.?° A more recent study by Zhang et al'®
cated that waist-to-height ratio, ABSI, and BRI were
related to arterial stiffness. VAI, which is based on
BMI, WC, TG levels, and HDL level, is a new sex-
specific indicator of fat distribution.” In a previous

indi-

study, among 5,158 community-dwelling individuals,
Yang et al’ showed that VAI could be a surrogate
marker for obesity assessment and its impact on ather-
Our
reported in the previous studies. ABSI and VAI signif-
icantly correlated with the mean ba-PWV in both the
men and women in Korea. These results suggest that

osclerosis. data were consistent with those

ABSI and VAI may be convenient and highly cost-
effective to apply as simple assessment tools for obe-
sity and CVD risk in clinical practice.

This study has several strengths. To the best of our
knowledge, this is the first study to examine the relation-
ships between arterial stiffness and multiple anthropo-
metric parameters (ABSI, BRI, and VAI) in the Korean
population. Second, health behaviors such as smoking,
drinking status, and physical inactivity that could influence
anthropometric parameters were also assessed.

The study also has some limitations. First, it has a
small sample size (n=2,746). Second, it has a cross-
sectional design, which cannot establish a cause-effect
relationship. Third, our study focuses only on the
of this
study cannot be applied to other regions and ethnic

Korean population. Therefore, the results

groups.
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Conclusion

In

conclusion, among the new obesity indices, ABSI and

VAI have been found to be significantly associated with

arterial stiffness, as represented by the mean ba-PWYV in

both the men and women in Korea. Further studies with a

large number of participants with various ethnicities are

needed to determine the true validity of the anthropometric

parameters as diagnostic indexes to identify CVD risk.
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