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Background. BMI has been evaluated as an old criterion to evaluate obesity in individuals, but it does not assess abdominal
obesity and lean mass. We aimed to evaluate the possible relationship of new anthropometric indices (namely, a body shape
index (ABSI), the body roundness index (BRI), the visceral adiposity index (VAI), the visceral fat area (VFA), and waist-hip
ratio (WHR)), with one of the known critical factors of atherosclerosis, arterial stifness. Methods. Overall 5921 individuals
were enrolled and were divided into four groups according to BMI. Novel anthropometric parameters including, ABSI, BRI,
VAI, VFA, and WHR were calculated. Te carotid-femoral pulse wave velocity (cf-PWV) was used to evaluate arterial
stifness. Multiple regression analysis was performed to assess the relationship between cf-PWV and innovative An-
thropometric indices. Results. Tis study population consisted of 3109 women and 2812 males. In men with overweight, cf-
PWV was signifcantly related to BMI, ABSI, BRI, WC, VAI, VFA, and WHR. However, among men with obesity, cf-PWV
was associated with BRI, VAI, and VFA. Among women with overweight, cf-PWV was also related to all mentioned indices
except ABSI; although, cf-PWV was only associated with VFA and WHR in women with obesity. Conclusion. Our results
showed that VFA in women and VAI in men are strongly related to arterial stifness and can be used to identify predictors of
vascular disease or organic vascular dysfunction.

1. Introduction

Obesity is one of the problems of today’s world that has
afected almost all societies and leads to signifcant com-
plications such as increased insulin resistance, hyper-
lipidaemia, and hypertension [1]. Various studies have
shown that one of the types of increased body fat and obesity

associated with cardiovascular complications is increased
abdominal fat and abdominal obesity [2].

BMI has been evaluated as an old criterion to check
obesity in people, but it does not evaluate abdominal obesity
and lean mass; therefore, in recent years, newer criteria are
used in addition to BMI to evaluate obesity [3]. New indices,
namely, a body shape index (ABSI), the body roundness
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index (BRI), the visceral adiposity index (VAI), the visceral
fat area (VFA), and waist-hip ratio (WHR), have been re-
cently proposed as anthropometric measures. ABSI is sta-
tistically independent of height, BMI, and WC (waist
circumference) and can be better regarded as abdominal
obesity [4]. Te BRI is another composition index that is
based on WC and height [5]. VAI is a sex-specifc surrogate
indicator of visceral adiposity accumulation and dysfunc-
tion, and it is calculated with both common anthropometric
(bodymass index (BMI) and waist circumference (WC)) and
lipidemic (triglycerides (TG) and high-density lipoprotein
(HDL) cholesterol) measurements and is independently
related with cardiometabolic risk. Also, VAI was proposed as
a new anthropometric measure in 2010 [6]. VFA measures
the fat that is stored around a number of critical internal
organs, including liver, intestine, and pancreas [7]. WHR is
one of the markers of abdominal obesity and has shown an
improved ability to identify cardiovascular disease [3]. One
study showed that VAI was the useful tool in the men
population for the assessment of cardiometabolic risk as-
sociated with visceral obesity [6]; furthermore, VFA can be
used to predict atherosclerotic cardiovascular diseases in
both genders [8, 9].

Several studies have indicated that VAI is more strongly
associated with cardiovascular risk and metabolic risk [10].
Also, VFA correlated signifcantly with glucose intolerance,
hypertriglyceridemia [11], hypertension, and cardiac dys-
function in obese subjects [12]. Very few studies to date have
examined the diferences between VFA, VAI, WHR, and
other anthropometric indices on identifying hypertension
and cardiovascular disease (CVD).

CVD is one of the most important causes of death in the
world, and about 50% of the causes of death are caused by
noncommunicable diseases [12]. Arteriosclerosis is infu-
enced by various factors such as age, increased blood
pressure, infammation, and hyperlipidaemia [12], and it has
been shown in various studies that the increase in arterio-
sclerosis has a direct relationship with the increase in car-
diovascular events [13–15].

Terefore, knowing the risk factors and preventing them
and using a safe method to determine the presence of arterial
stifness is very essential. Aortic arterial stifness, which can
be indirectly measured by pulse wave velocity (PWV) re-
fects changes in arteriosclerosis [16]. PWV is one of the safe,
robust, reproducible, and noninvasive methods to evaluate
arterial stifness [17].

Since arterial stifness is related to cardiovascular events,
identifying predisposing factors for arterial stifness and
prevention and treatment of these factors are helpful in
preventing cardiovascular events. Also, previous studies in
diferent countries and ethnicities claimed that anthropo-
metric measurements have diferent prognostic values for
arterial stifness, and the predictive power of anthropometric

indices should be identifed for diferent ethnicities [18, 19].
Terefore, in this study, we decided to evaluate the re-
lationship between arterial stifness and new body compo-
sition indices in the Persian cohort study.

2. Materials and Methods

2.1. Subjects. Te PERSIAN Organizational Cohort Study in
Mashhad (POCM) was launched in 2017 to investigate life-
style and risk factors for noncommunicable diseases (espe-
cially cardiovascular events). Details of the Persian Cohort
Study have been reported formerly [20]. Between August 2017
andMay 2022, individuals (aged 30–70 years) were selected to
enroll in the present study. A total of 6093 participants
qualifed for the analyses. Among these 6093 individuals, 172
were excluded; 102 were excluded due to incomplete arterial
stifness data, and 70 were excluded due to the nonexistence of
other data. After these exclusions, 5921 participants (2812men
and 3109 women) were eligible for the studies. Baseline as-
sessments were obtained by face-to-face interviews or ex-
aminations. Te questionnaires consist of demographic
characteristics such as marital status and education years (low
education means< 9 years, middle education means
9–12 years, high education means> 12 years) and physical
activity (light< 3.0, intermediate 3.0–5.9, high≥ 6.0) [21, 22],
personal and familial medical history, and also smoking and
the related data were collected by a standardized questionnaire
[16, 22]. Te Persian cohort study was approved by the In-
stitutional Ethics Committee of Mashhad University of
Medical Sciences (IR.MUMS.REC.1395.526; January 2017)
and was conducted according to the guidelines of the Dec-
laration of Helsinki. Te informed consent was achieved from
all participants before participation.

2.2. Clinical and Biochemical Analyses. At the baseline
POCM examination, calibrated devices and standardized
questionnaires were utilized by expert personnel (cardi-
ologists, general practitioners, nurses, and dietitians) to
collect all the data/information required by the study
protocol [15, 20, 23, 24]. Weight (kilograms), waist and
hip circumference (centimeter), height (meters), BMI (kg/
m2), and anthropometric measurements were calculated
using US National Institutes of Health protocols [25].
ABSI and BRI were calculated using the following for-
mulas [5, 26]:

ABSI �
WC

(BMI2/3∗ height1/2)
,

BRI � 364.2 − 365.5 × 1 −
WC

2π20.5
.

(1)

Te VAI was calculated based on the following sex-
specifc formulas [6]:
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Males: VAI �
WC

39.68 +(1.88 × BMI)
  ×

TG
1.03

  ×
1.31
HDL

 ,

Females: VAI �
WC

39.58 +(1.89 × BMI)
  ×

TG
0.81

  ×
1.52
HDL

 .

(2)

Biochemical measurements were collected in a sitting
position after 12 hours of fasting in the morning (BT1500
auto analyzer, Biotechnical Instruments, Rome, Italy). We
used the standard methods of the World Health Organi-
zation (WHO) to measure fasting blood sugar (FBS), liver
enzyme levels, serum lipid profles, and other biochemical
parameters. Te Carotid-femoral pulse wave velocity (cf-
PWV), used to evaluate arterial stifness, was measured with
the SphygmoCor XCEL System (AtCor Medical In-
corporation) [27]. Te test needs at least a 6 h fasting state
and no cafeine, tobacco, and alcohol use for 12 hours prior
to performing the test [28, 29]. Te details of cf-PWV have
been explained in previous studies [20, 27].

2.3. Statistical Analysis. Descriptive statistics of the study
population were divided based onmen and women and BMI
(underweight <18.5 kg/m2, normal: 18.5–24.9 kg/m2, over-
weight: 25–29.9 kg/m2, and obese: 30 kg/m2). Continuous
variables were expressed as mean± standard deviation and
discrete variables were expressed as a number and per-
centages. Diferences among the groups were tested with
a one-way analysis of variance (ANOVA) (continuous
variables) or χ2 test (categorical variables). Multiple re-
gression analysis was used to determine the association of
anthropometrics variables on cf-PWV.Te following factors
were considered as independent variables: age, SBP, DBP,
FBS, TG, and hypertension. All analyses were performed
using SPSS software version 22, and P< 0.05 was considered
statistically signifcant.

3. Results

A total of 5921 Persian adults (2812 men, 47.5%; 3109
women, 52.5%) were divided into four groups according to
the BMI classifcation of the World Health Organization
(WHO). Te baseline characteristics such as demographic,
anthropometric, arterial stifness, laboratory fndings, and
clinical history are shown in Tables 1 and 2. Men had higher
proportions of diabetes, age, cf-PWV, waist circumference,
smoking, FBS, SBP, and DBP than women, but women had
signifcantly higher VFA and hypertension than men. Te
mean VAI was 2.04 (underweight; n� 26), 3.38 (normal;
n� 883), 4.51 (overweight; n� 1447), and 4.66
(obesity� 456) in men. Te mean VFA were 48.9 in un-
derweight, 98.5 in normal, 140.5 in overweight, and 187.3 in
obese women.

Correlations between cf-PWV and the anthropometric
measurements are shown in Table 3. In men with over-
weight, cf-PWV was signifcantly related to all indices: BMI
(coefcient� 0.07, P � 0.030), ABSI (coefcient� 0.14,
P< 0.001), BRI (coefcient� 0.2, P< 0.001), WC

(coefcient� 0.14, P< 0.001), VAI (coefcient� 0.08,
P< 0.001), VFA (coefcient� 0.2, P � 0.004), and WHR
(coefcient� 0.15, P< 0.001). However, among men with
obesity, cf-PWV was associated with BRI (coefcient� 012,
P � 0.009) VAI (coefcient� 1.01, P � 0.009) and VFA
(coefcient� 0.17, P � 0.02). Among overweight women, cf-
PWV was also related to all indices: BMI (coefcient� 0.14,
P< 0.001), BRI (coefcient� 0.06 P< 0.001), WC (coef-
fcient� 0.06, P< 0.001), VAI (coefcient� 0.16, P< 0.001),
WHR (coefcient� 0.13, P< 0.001), and VFA (coef-
fcient� 0.19, P< 0.001) except ABSI (coefcient� 0.003,
P � 0.91). Although, cf-PWV was only associated with VFA
(coefcient� 0.186, P< 0.001), and WHR (coefcient� 0.17,
P< 0.001) in women with obesity.

As shown in Table 4, multiple regression analysis was
then performed to detect the variables that were strongly
related to cf-PWV. Te interaction between cf-PWV and
anthropometric indices was infuenced by age, SBP, DBP,
FBS, TG, and hypertension in both men and women. No-
tably, the results were diferent between men with obesity
and men with overweight. As shown in model III, cf-PWV
was signifcantly associated with VAI (β� 0.54, P< 0.001),
VFA (β� 0.07, P< 0.001), WC (β� 0.04, P< 0.001), and
WHR (β� 0.08, P< 0.001) in men living with overweight.
However, cf-PWV was only related to VAI (β� 0.65,
P< 0.001) in men with obesity. In women living with
overweight, cf-PWV was signifcantly associated with BMI
(β� 0.06, P< 0.001), VFA (β� 0.10, P< 0.001), and WHR
(β� 0.07, P< 0.001) in model III. Similarly, cf-PWV was
signifcantly associated with VFA (β� 0.11, P< 0.001) and
WHR (β� 0.05, P< 0.001) in women with obesity. Our
results showed that VFA in women and VAI inmen were the
key factor that was strongly correlated with cf-PWV.

4. Discussion

In our cross-sectional study conducted in the population of
5921 Persian adults, after removing all confounding factors,
we found that among the anthropometric indicators, VFA in
women and VAI in men are related to arterial stifness.

Arterial stifness is known as a strong predictor of
atherosclerosis, and as reported in various studies, athero-
sclerosis is strongly associated with cardiovascular events
and mortality [30, 31]. Terefore, by evaluating the stifness
in the artery in patients and normal people, an estimate of
cardiovascular events can be obtained.

In general, it has been seen that the use of anthropo-
metric indices as new methods of evaluating central obesity
and visceral obesity to determine the prognosis of arterial
stifness and subsequent cardiovascular events is
reasonable [32].
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Table 4: Comparison of the association of anthropometric measurements based on obesity status.

Unadjusted Model I Model II Model III

β R2 P

value β R2 P

value β R2 P value β R2 P value

Men

Underweight� 26

ABSI 0.07 −0.03 0.72 0.09 0.06 0.66 0.10 0.14 0.64 0.09 0.23 0.66
BRI −0.04 −0.04 0.88 −0.07 0.06 0.73 −0.05 0.15 0.81 −0.30 0.33 0.20
VAI −0.21 0.01 0.33 −0.26 0.15 0.19 −0.35 0.30 0.11 −0.38 0.28 0.45
BMI 0.08 −0.03 0.68 0.05 0.05 0.77 0.18 0.17 0.36 0.13 0.24 0.50
VFA 0.08 0.17 0.40 0.06 0.05 0.74 0.13 0.15 0.52 0.10 0.23 0.63
WC −0.04 0.03 0.87 0.08 0.06 0.67 0.10 0.15 0.62 −0.10 0.26 0.65
WHR 0.21 0.06 0.30 0.28 0.13 0.15 0.32 0.24 0.12 0.21 0.27 0.31

Normal� 883

ABSI 0.09 −0.01 0.80 −0.03 0.17 0.33 −0.02 0.21 0.38 −0.03 0.21 0.32
BRI 0.18 0.03 <0.001 0.07 0.16 <0.001 0.06 0.19 <0.001 0.05 0.21 <0.001
VAI 0.13 0.01 <0.001 0.12 0.18 <0.001 0.10 0.20 <0.001 0.03 0.21 0.71
BMI 0.09 0.07 <0.001 0.11 0.18 <0.001 0.09 0.21 <0.001 0.07 0.22 <0.001
VFA 0.20 0.04 <0.001 0.15 0.20 <0.001 0.13 0.21 <0.001 0.12 0.24 <0.001
WC 0.13 0.01 <0.001 0.13 0.18 <0.001 0.11 0.20 <0.001 0.10 0.22 <0.001
WHR 0.13 0.01 <0.001 0.16 0.20 <0.001 0.13 0.21 <0.001 0.11 0.23 <0.001

Overweight� 1447

ABSI 0.07 0.05 <0.001 0.01 0.19 0.47 0.01 0.24 0.46 0.01 0.25 0.55
BRI 0.17 0.03 <0.001 0.01 0.19 0.61 −0.02 0.24 0.93 −0.01 0.25 0.70
VAI 0.04 0.02 <0.001 0.12 0.20 <0.001 0.11 0.24 <0.001 0.54 0.25 <0.001
BMI 0.05 0.03 <0.001 0.03 0.19 0.11 0.01 0.23 0.50 0.01 0.25 0.52
VFA 0.18 0.03 <0.001 0.09 0.20 <0.001 0.07 0.25 <0.001 0.07 0.26 <0.001
WC 0.12 0.01 <0.001 0.06 0.19 <0.001 0.05 0.24 <0.001 0.04 0.25 <0.001
WHR 0.13 0.01 <0.001 0.10 0.20 <0.001 0.09 0.24 <0.001 0.08 0.26 <0.001

Obesity� 456

ABSI 0.08 0.05 0.07 0.05 0.10 0.24 0.05 0.14 0.21 0.05 0.14 0.22
BRI 0.03 0.01 <0.001 0.06 0.11 0.15 0.07 0.14 0.12 0.07 0.15 0.10
VAI 0.92 0.01 <0.001 0.04 0.11 <0.001 0.13 0.14 <0.001 0.65 0.14 <0.001
BMI 0.01 0.02 0.70 0.01 0.10 0.18 −0.02 0.15 0.53 −0.03 0.14 0.51
VFA 0.05 0.01 <0.001 0.02 0.10 <0.001 0.03 0.14 <0.001 0.04 0.14 0.45
WC 0.01 −0.02 0.77 −0.06 0.10 0.95 −0.02 0.14 0.16 −0.03 0.14 0.52
WHR 0.04 0.01 0.34 0.03 0.10 0.14 0.02 0.14 0.96 −0.08 0.13 0.85

Women

Underweight� 21

ABSI 0.11 −0.04 0.63 0.16 0.50 0.35 0.18 0.60 0.30 0.09 0.65 0.60
BRI 0.06 −0.04 0.80 0.04 0.47 0.80 0.05 0.57 0.75 0.01 0.64 0.94
VAI 0.38 0.10 0.86 0.17 0.50 0.33 0.24 0.63 0.14 −0.16 0.64 0.78
BMI −0.30 0.38 0.19 −0.37 0.62 <0.001 −0.37 0.74 <0.001 −0.30 0.72 0.09
VFA −0.35 0.08 0.11 −0.42 0.66 <0.001 −0.44 0.80 <0.001 −0.40 0.18 <0.001
WC 0.03 −0.05 0.88 0.11 0.48 0.52 0.12 0.58 0.50 0.05 0.64 0.75
WHR 0.10 −0.04 0.64 −0.24 0.52 0.19 −0.15 0.60 0.37 −0.18 0.68 0.26

Normal� 1057

ABSI −0.01 −0.01 0.96 −0.03 0.18 0.30 −0.06 0.12 0.83 −0.05 0.21 0.85
BRI 0.07 0.04 <0.001 −0.01 0.18 0.54 0.01 0.21 0.57 0.01 0.22 0.70
VAI 0.08 0.07 <0.001 0.02 0.18 0.45 −0.01 0.21 0.71 −0.16 0.22 <0.001
BMI 0.11 0.01 <0.001 0.09 0.19 <0.001 0.08 0.22 <0.001 0.07 0.22 <0.001
VFA 0.12 0.01 <0.001 0.08 0.18 <0.001 0.06 0.21 <0.001 0.05 0.22 <0.001
WC 0.04 0.01 0.13 0.06 0.18 0.85 0.02 0.21 0.40 0.02 0.22 0.44
WHR 0.08 0.07 <0.001 0.07 0.19 <0.001 0.04 0.21 0.11 0.04 0.22 0.11

Overweight� 1439

ABSI 0.02 0.01 0.40 −0.02 0.15 0.38 0.01 0.18 0.99 −0.06 0.21 0.80
BRI 0.1 0.09 <0.001 −0.09 0.15 0.73 −0.04 0.18 0.86 −0.02 0.21 0.40
VAI 0.20 0.03 <0.001 0.12 0.16 <0.001 0.09 0.19 <0.001 −0.03 0.21 0.62
BMI 0.13 0.16 <0.001 0.09 0.16 <0.001 0.07 0.19 <0.001 0.06 0.22 <0.001
VFA 0.18 0.03 <0.001 0.11 0.16 <0.001 0.11 0.20 <0.001 0.10 0.22 <0.001
WC 0.09 0.08 <0.001 0.03 0.15 0.18 0.04 0.18 0.09 0.02 0.21 0.33
WHR 0.14 0.02 <0.001 0.10 0.16 <0.001 0.09 0.20 <0.001 0.07 0.22 <0.001

Obesity� 592

ABSI 0.16 −0.01 0.70 −0.06 0.13 0.09 −0.07 0.15 0.07 −0.08 0.16 <0.001
BRI 0.07 0.04 0.08 −0.03 0.12 0.45 −0.05 0.15 0.20 −0.07 0.16 0.06
VAI 0.06 0.02 0.15 0.05 0.11 0.19 0.02 0.15 0.50 −0.05 0.16 0.53
BMI 0.10 0.09 <0.001 0.08 0.13 <0.001 0.05 0.16 0.16 0.03 0.16 0.40
VFA 0.16 0.02 <0.001 0.09 0.13 <0.001 0.06 0.15 0.10 0.11 0.16 <0.001
WC 0.06 0.03 0.11 0.01 0.12 0.80 −0.04 0.15 0.92 −0.02 0.16 0.50
WHR 0.13 0.01 <0.001 0.10 0.14 <0.001 0.06 0.15 0.11 0.05 0.16 <0.001

Model I: adjusted for age. Model II: model I + SB, DB. Model III: model II + FBS, TG, hypertension.
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In our study, in men with overweight, the arterial stifness
index was related to BMI-ABSI-BRI-WC-VAI-VFA-WHR
and among men with obesity, a signifcant relationship was
reported with BRI-VAI-VFA. Also, after modeling and re-
moving confounding factors such as age, SBP, DBP TG, and
hypertension, we came to the conclusion that arterial stifness
in overweight men is related to VAI-VFA-WC-WHR, and in
men with obesity, it is only related to VAI. Also, in women
with overweight, arterial stifness index is related to BMI-BRI-
WC-VAI-WHR-VFA criteria, and it is not related to ABSI. In
women living with obesity, this index is related to VFA-WHR.
But after modeling, it was found that in women with over-
weight, arterial stifness is related to BMI-VFA-WHR, and in
women with obesity, it is related to VFA-WHR.

BMI is one of the oldest measures to evaluate obesity in
people; still, this measure does not diferentiate between fat
tissue and muscle mass [33, 34]. In addition, BMI does not
distinguish the distribution of body fat in peripheral and
abdominal areas [34, 35] although various studies have
shown that fat deposits in the center and viscera are espe-
cially more harmful [36].

Several studies have reported that in Asian people, the
distribution of fat, especially in the abdominal area, is more
common than in European people. Tis factor is more
common in Asian people than in European people with the
same BMI and WC, despite the presence of metabolic
syndrome and the risk of cardiovascular events [37, 38].

Also, in the study of Choi et al., it was reported that BMI
is inversely related to arterial stifness in men, and BMI,WC,
and BRI in women are related to arterial stifness, and this
diference is due to the diferent distribution of fat in the
body of women and men [39]. Because the majority of fat in
men’s bodies is visceral fat and subcutaneous fat in women’s
bodies. Considering the above, BMI is not a suitable factor
for assessing the risk of cardiovascular events, especially in
Asian people. In various studies, the role of BMI in relation
to the evaluation of arterial stifness has not been completely
eliminated, but in various articles, new anthropometric
factors have a greater and more important role in the
evaluation of arterial stifness in people with weight gain and
obesity because in these new factors, the role of fat visceral is
bolder and more important [16].

In the recent reports of the World Health Organization,
it has been stated that WC is a substitute for BMI to de-
termine the risk of diseases [40]. However, in Zhang et al.’s
study, it was shown that WC has a weak relationship with
arterial stifness in women without the risk factors of di-
abetes and high blood pressure. It has an inverse relationship
with arterial stifness in men [32].

BMI and WC could not accurately represent abdominal
visceral fat, so the newer ABSI and BRI measures were used,
although these older measures of BMI, WC, and WHR were
essential in previous studies to assess cardiovascular met-
abolic risk [40].

A valuable anthropometric index that was investigated in
our study subjects was the ABSI index, which in our study was
related to arterial stifness with weight gain in men, but after
removing the confounding factors, this factor was not sig-
nifcantly associated with arterial stifness in any of the groups.

Tis index has been mentioned in various studies as an
independent factor of weight height and BMI and it has been
reported that it has a direct relationship with visceral fat and
the risk of mortality and disease [1, 26]. In several studies, the
relationship of this index with cancer mortality and car-
diovascular disorders was compared with BMI, WC, and
WHtR indices, and the relationship of this index was re-
ported to be stronger and it was even accepted that this index
is a marker of arterial stifness in type 2 diabetes patients
[1, 41] But later in several studies, it was seen that this index
is a weaker index than BMI and WC for evaluating car-
diovascular events and metabolic syndrome [42–44] Zhang
et al. also concluded that in the population of Chinese
people, this index is not a very good index for evaluating
arterial stifness [32].

In previous studies, it has also been reported that WHR,
ABSI, and BRI have a strong relationship with arterial
stifness in both sexes, while BMI and WC have an inverse
relationship with arterial stifness. Also, two new anthro-
pometric indices, ABSI and BRI, can predict Arterial stif-
ness indicators are valuable [44]. In this cross-sectional
study, we found that new anthropometric indices had
a signifcant relationship with PWV in both gender cate-
gories, while BMI and WC showed a negative relationship
with PWV [32].

Another studied index is BRI, which has been shown in
studies to be a better index than BMI andWC for evaluating
body fat and visceral adipose tissue volume [5] But com-
pared to other anthropometric indicators, not many studies
have been conducted to assess the risk of metabolic syn-
drome and cardiovascular events. Only a few studies have
described this index as valuable in evaluating cardiovascular
events [44–46].

In our study, arterial stifness in men with weight gain,
men with obesity, and women with weight gain had a sig-
nifcant relationship with this index. In another published
study, it was also reported that the BRI index with stifness
arterial correlates in the Chinese population [32].

One of the anthropometric indicators that had a signif-
icant relationship with arterial stifness in both women and
men in our study was the WHR factor, which measures the
ratio of waist circumference to hip circumference. In the
study of Zhou et al., it was reported that this factor has the
best relationship with increased blood pressure in men [47].

WHR is one of the obesity parameters that are more
related to abdominal obesity and has been shown in studies
to be related to cardiovascular and cerebrovascular
diseases [48].

In our study, this index was related to weight gain in men
and in women with weight gain and in women with obesity
and arterial stifness and after removing the confounding
factors of this WHR index with arterial stifness in men with
weight gain and women with weight gain and Obesity is
related.

It was also seen in a systematic review that WHR is
a suitable screening assessment for metabolic syndrome in
adults [49], and this factor can determine the risk of cardio-
vascular events and metabolic syndrome in nonobese people
[50]. Tis case was the same as the fndings of the Zhang et al.
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study [32]. All these cases show that WHR is a suitable index
for evaluating central obesity and can be a reliable measure in
evaluating diseases related to central obesity, including met-
abolic syndrome and cardiovascular disorders.

Another anthropometric index is VAI, which was shown
in our study to be very strongly related to arterial stifness
in men.

VAI is an index that shows the distribution of fat in the
body based on BMI, WC, TG levels, and HDL levels. In the
study of Yang et al., it was shown that this index could be
a measure of obesity and assessment of atherosclerosis [51]
And, in Cho et al. study and arterial stifness in the Korean
population, it was seen that VAI in men and women is
related to arterial stifness [39].

Another essential index in evaluations is VFA, which in
our study was found to be strongly related to arterial stifness
in women. In the Li et al. study, it was also shown that this
index has a direct relationship with arterial stifness [16].
Also, in this study, it was shown that VFA in people with
weight gain and obesity is related to arterial stifness, and the
relationship of this index with arterial stifness is more
potent than other indices [16]. Although in some previous
studies, it was shown that the correlation of this index with
arterial stifness is weak [1].

In the Zajac et al. study, which investigated the re-
lationship between VFA and metabolic syndrome in the
female population, they concluded that metabolic syn-
drome in women is directly related to the VFA index [8]. In
Zhang et al. study, they also concluded that the VFA index
in women has a strong relationship with hypertension [7].
Several studies have reported that in Asians, the distri-
bution of total body fat in the abdomen is higher and the
incidence of CVD and metabolic risk factors are higher
than in European people with the same BMI [37, 38]
Terefore, BMI as a predictor of vascular disease or organic
vascular dysfunction, it is not suitable especially for
Asians [32].

Population-based cohort design, with a large number of
participants, in Mashhad, the second largest city in Iran and,
considering innovative Anthropometric indices in Persian
adults are some of the strengths of the current study. Te
standard questionnaires consist of demographic character-
istics, physical activity, personal and familial medical his-
tory, and smoking. Also, clinical and biochemical analyses
may improve the judgment of the results. Using Pulse wave
velocity (PWV), the safe, robust, reproducible, and non-
invasive methods to evaluate arterial stifness are strengths.

Although this study’s fndings may not be generalizable to
other ethnicities, the results might still be applicable because
of mostly consistent with previous studies around the world.

5. Conclusion

Te result of the current study confrmed that the VFA index
in women and the VAI index in men are strongly related to
arterial stifness. Terefore, the recommendation to improve
these indices, such as lifestyle modifcations and exercise
habits developments, can improve arterial stifness, which
logically results in less cardiovascular disease.
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