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Background: The use of anthropometric indices is one of the new and low-cost diagnostic
methods of metabolic syndrome (MetS). The present study aimed to determine optimal cutoff
points for the visceral adiposity index (VAI), body roundness index (BRI), and a body shape
index (ABSI) in the prediction of MetS.

Methods: This cross-sectional study was performed on 10,000 individuals aged from
35 to 65 years, recruited in Ravansar Non-Communicable Diseases (RaNCD) cohort
study, in the west region of Iran, in 2019. MetS was defined according to International
Diabetes Federation (IDF) criteria. The receiver operating characteristic (ROC) curve
analysis was used to assess predictive anthropometric indices and determine optimal
cutoff values.

Results: The optimal cutoff points for VAI were 4.11 (AUC: 0.82; 95% CI: 0.81-0.84) in
men and 4.28 (AUC: 0.86; 95% CI: 0.85-0.87) in women to prediction of MetS. The optimal
cutoff points for BRI were 4.75 (AUC: 0.75; 95% CI: 0.74-0.77) in men and 6.17 (AUC:
0.62; 95% CI: 0.61-0.64) in women to prediction of MetS. The optimal cutoff points for
ABSI were 0.12 (AUC: 0.49; 95% CI: 0.47-0.51) in men and 0.13 (AUC: 0.49; 95% CI:
0.47-0.51) in women to prediction of MetS. The risk of MetS in men and women with a VAI
higher than the optimal cutoff point was, respectively, 9.82 and 11.44 times higher than that
in those with a VAI lower than the cutoft point.

Conclusion: Although VAI might not be very cost-beneficial compared to IDF, our study
showed VAL is a better predictor of MetS than BRI in adults. ABSI was not a suitable
predictor for MetS.

Keywords: metabolic syndrome, body shape index, body roundness index, visceral
adiposity index, ROC curve analysis

Introduction

Metabolic syndrome (MetS) is a complex metabolic disorder that imposes huge
social and economic costs on societies and has become an epidemic worldwide.'
A study in US (2009) reported patients with the MetS are at twice the risk of
developing cardiovascular disease (CVD) over the next 5 to 10 years as individuals
without the MetS, also the MetS confers a 5-fold increase in risk for type 2 diabetes.”
Besides, this doubles the mortality rate due to cardiac arrest and myocardial
infarction.® According to a systematic review conducted in 2014, the prevalence of
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MetS according to International Diabetes Federation (IDF)
criteria is that 30.7% and 34.2% for men and women in
Iran.*

Obesity can be the main factor in the occurrence of
MetS. Anthropometric indices, which indirectly indicate
body fat and obesity, can be one of the low-cost and acces-
sible ways to predict MetS.> Old and routine indicators
such as body mass index (BMI) and waist circumference
(WC) have some limitations. For example, WC is used to
diagnose abdominal obesity, but it is highly correlated with
BMI and is affected by body size (weight and height).”

A body shape index (ABSI) is one of the anthropometric
indicators that recently considered. Krakauer et al (2012)
showed that ABSI is an independent index of height, weight,
and BMI that predicts premature mortality better than BMIL*
Based on a study in China, ABSI is the best anthropometric
index in men for predicting CVD.? Another indicator is body
roundness index (BRI), which is based on WC and height.
Thomas et al (2013) showed that BRI is a good indicator of
body fat.'® A study in China found that BRI as a new anthro-
pometric index amongst Chinese women could perform bet-
ter for detecting a set of cardio-metabolic abnormalities than
BMI and waist-to-height ratio (WHtR)."" Another recently
introduced index for the expression of visceral fat is the
visceral adiposity index (VAI), which is based on two anthro-
pometric indices (WC and BMI) and two biochemical factors
(triglyceride and high-density lipoprotein) and has a separate
formula for men and women.'?

Previous studies reported some differences in cut points
among different ethnicities.'>'* The western regions of Iran
are chiefly populated by Kurdish ethnic groups. These are
regions where the Ravansar Non-Communicable Disease
(RaNCD) cohort study ongoing since 2014 and it shows
that the prevalence of obesity and overweight is higher than

in women.'>!®

in other regions of Iran especially
Accordingly, it is important to determine a cutoff point for
predicting risk of non-communicable diseases and offering
appropriate preventive interventions in the regions. This
study aims to identify the optimal cutoff points for ABSI,
BRI, and VAI indices for predicting the risk of MetS and
examine the association between these indices and MetS, in

adults.

Method
Study Population

In this cross-sectional study, we used the data from recruit-
ment phase of RaNCD cohort study in west of Iran in

2019. The RaNCD study is part of a prospective epide-
miological research study in Iran (PERSIAN). Ravansar is
a district with urban and rural areas, located in the west of
Iran in the province of Kermanshah with a population of
about 50,000 people, mainly from Iranian Kurdish ethni-
city. It is one of 21 centers in the PERSIAN cohort study.
Baseline data were collected in October 2014 forwards,
and 10,000 adults between the ages of 35 and 65 (both
men and women), who were registered as permanent resi-
dents of Ravansar were included in this cohort. Details for
rational and design of study have been published
before.'”"'® All the participants that met the inclusion
criteria were provided oral and written informed consent.
The study in accordance with the Declaration of Helsinki.
This study was registered with the Department of Research
and Technology (No. 98018) and approved by the Ethics
Committee of Kermanshah University of Medical Sciences
(IR.KUMS.REC.1398.158).

Inclusion and Exclusion Criteria

Participants included all individual from the first phase of
the cohort study. Exclusion criteria for the RaNCD cohort
study were unwillingness to attend the study, living in
Ravansar under nine months in a year, being a new inha-
bitant (under one year), being unable to attend the cohort
center or to communicate with interviewer’s (due to men-
tal or physical disability or any acute psychological dis-
order, blindness, deafness, and dumbness).

For the present study, the exclusion criteria were as
follows: pregnant women (n = 135), hormone and steroid
drug users (n = 871), patients with cancers (n = 93), people
with renal failure (n = 101) and people with incomplete
information (n = 69). Finally, out of 10,059 participants in
the cohort study, 8790 (4591 men and 4199 women) were
included in the study.

Data Collection
In the present study, basic demographic data, anthropometric
indices, biochemical parameters, blood pressure, and nutri-
tional assessment of the participants in the RaNCD cohort
study were provided. This information was collected by
a trained expert at the study site in Ravansar as follows:
Socio-demographic characteristics such as age, sex,
place of residency (rural\urban) and marital status
(Married\single\Widow, divorced) were collected using
digital questionnaires which were filled by an expert inter-
viewer. A self-completed questionnaire was used to assess
the smoking status and alcohol drinking. Participants were
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classified based on the smoking status as current smokers,
former smokers and never smokers. A question with two
options (yes\no) was used for drinking alcohol. The
PERSIAN Cohort standard physical activity questionnaire
was used to assess participants’ physical activity. The
questionnaire consisted of 22 questions about the different
activities of the person during the day, and finally based on
activity intensity, physical activity was divided into three
groups (light, moderate, high).

Measurements

Anthropometry Measurements

Weight was measured using Inbody 770 (Inbody Co,
Seoul, Korea) with a precision of 0.5 kg. The height of
the subjects was measured with BSM 370 (Biospace Co,
Seoul, Korea). The precision of the measurements was
0.1 cm. WC was measured with a flexible measuring
tape at a level midway between the lower rib margin and
the iliac crest to the nearest 0.5 cm. The other anthropo-
metric indexes were measured by the following formulas:

BMI = weight (kg) /height® (m)

ABSI = we

1
BMI 3 x Height 2

BRI = 364.2 — 365.5 x | 1 — <(WC/(2”))2>

(0.5 height)*

we (TG
39.68 + (1.88 x BMI 1.03

Men : VAI :(
1.31
>< R
HDL
Women : VAI (

1.52
X —_—
(HDL)

Biochemical Factors
According to our protocol for collection of the blood

we (18
39.58 + (1.89 x BMI 0.81

sample, after 8—12 hrs of fasting, blood samples were
collected from the ante-brachial vein. Serum and plasma
samples were centrifuged and stored in aliquots in cryo-
tubes at —80°C until analyzed. Serum concentrations of
FBS and lipid profiles were measured using commercially
available kits according to the manufacturer’s protocol.

Blood Pressure

Using a manometer (Reister) cuff and stethoscope
(Reister) in the seated position and after 10 mins of rest,
we checked blood pressure from both right and left arm for
two times from each side with an interval of 5 mins. An
average of both systolic and diastolic blood pressure was
calculated.

Definition of Metabolic Syndrome
According to the IDF definition, MetS is defined if there
are three or more of the following abnormalities: (1)
central obesity (WC >94 cm for men and >80 cm for
women), (2) Triglyceride level of >150 mg/dl or receipt
of specific treatment for this lipid abnormality; (3) high-
density lipoprotein (HDL) level of <40 mg/dl in men and
<50 mg/dl in women or receipt of specific treatment for
this lipid abnormality; (4) blood pressure of >130/85
mmHg or receipt of treatment of previously diagnosed
hypertension; (5) FBS> 100 mg/dl or drug use for treating
diabetes.>"”

Statistical Methods

Continuous variables are presented as mean + standard
deviation, and categorical variables are presented as N (%).
Chi-square/or Fisher exact test was performed for assessing
the associations of the categorical predictor variables and
risk of MetS. The normality test was checked using the
Kolmogorov—Smirnov test for the continuous variables.
For comparing the central tendency (eg, mean for normal
and median for non-normal variables) between two groups,
two-independent samples #-test or Mann—Whitney non-
parametric test. Univariate logistic regression analysis was
performed to assess the effects of ABSI, BRI and VAI on the
occurrence of MetS. Odds ratio and 95% confidence interval
were reported as effect size in logistic regression models.
The goodness of fit (GOF) of the logistic models and per-
formance of the classification were assessed using Hosmer
and Lemeshow test and area under the ROC curve (AUC),
sensitivity, specificity, and Youden J-index were calculated
for the classification accuracy. All of the statistical analyses
were analyzed using STATA software versions 15. The sig-
nificance level was set at level of 0.05.

Results

After applying the exclusion criteria was conducted on
8790 participants aged 48.14 + 8.25 years, comprising
4591 (52.23%) men, 5220 (59.38%) residents of the
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Table | Demographic and MetS Factors of the Included Participants in This Study

Variables Total (n=8790) Men (n=4591) Women (n=4199) P value®

Place of Residency Rural 3570 (40.61) 1761 (38.35) 1809 (43.08) <0.001
Urban 5220 (59.38) 2830 (61.64) 2390 (56.91)

Marital status Married 8108 (92.24) 4457 (97.08) 3651 (86.94) <0.001
Single 202 (2.29) 96 (2.09) 106 (2.52)
Widow/divorced 480 (5.46) 38 (0.82) 442 (10.52)

Physical activity Low 2405 (27.36) 1500 (32.67) 905 (21.55) <0.001
Moderate 4400 (50.05) 1542 (33.58) 2858 (68.06)
High 1982 (22.54) 1546 (33.67) 436 (10.38)

Smoking status Non smoker 6875 (78.21) 2913 (63.45) 3962 (94.35) <0.001
Current smoker 1123 (12.77) 1033 (22.50) 90 (2.14)
Former smoker 776 (8.82) 636 (13.85) 140 (3.33)

Alcohol consumption No 8181 (93.07) 3985 (86.80) 4196 (99.92) <0.001
Yes 609 (6.93) 606 (13.19) 3 (0.07)

Education level (year) llliterate-no schooling 2168 (24.66) 599 (13.04) 1569 (37.36) <0.001
<5 years 3244 (36.90) 1333 (29.03) 1911 (45.51)
6-9 years 1512 (17.20) 1112 (24.22) 400 (9.52)
10-12 years 1154 (13.12) 940 (20.47) 214 (5.09)
2|3 years 712 (8.10) 607 (13.22) 105 (2.50)

Hypertension No 7416 (84.4) 3994 (87) 3422 (81.5) <0.001
Yes 1374 (15.6) 597 (13) 777 (18.5)

Overweight (BMI 225) 3828 (43.54) 2127 (46.32) 1720 (40.96) <0.001

Obesity (BMI = 30) 2280 (25.93) 766 (16.68) 1514 (36.05) <0.001

Age (year) 48.14 + 8.25 47.75 * 8.05 48.57 + 8.44 <0.001

Anthropometric measures BMI (kg/m?) 27.43 + 459 26.34 + 4.05 28.62 + 4.85 <0.001
WC (cm) 97.28 £ 10.43 96.23 * 9.65 9842 £+ 11.10 <0.001
WHR (cm) 0.94 £ 0.06 0.94 + 0.07 0.95 £ 0.22 <0.001
ABSI 0.13 £ 0.0l 0.13 = 0.0l 0.13 £ 0.0l <0.001
BRI 5.46 = 1.47 474+ 1.23 6.248 £ 1.72 <0.001
VAI 5.44 + 437 5.19£4.19 5.70 £ 4.57 <0.001

Biochemical factors FBS (mg/dL) 97.19 + 30.12 97.10 + 30.44 97.29 + 29.67 0.761
TG (mg/dL) 138.70 + 85.69 145.82 + 89.45 130.94+ 80.70 <0.001
TC (mg/dL) 505.2 + 225.55 572.90 * 250.02 431.32+ 166.30 <0.001
HDL (mg/dL) 46.03 + 11.28 42.79 = 10.07 49.56 + 11.48 <0.001
LDL (mg/dL) 102.01 + 25.34 101.06 + 24.58 103.05+ 26.10 <0.001

Note: °P value <0.05 (Compare men with women; Chi-squared or independent t-test).
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; VA, visceral adiposity index; BRI, body roundness index; ABSI, a body shape

index; FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density lipoprotein TG, triglycerides; TC, total cholesterol.

urban (Table 1). The mean BMI in women was 28.62 +
4.85, and in men 26.34 + 4.05 kg/m2 (P <0.001). The
mean BRI in men was 4.74 + 1.23, and in women 6.25 =+
1.72 (P <0.001). The mean VAI was 5.19 + 4.19 in men
and 5.70 + 4.56 in women (P <0.001). Mean triglycerides
in men and women were 145.82 + 89.45 and 130.94+
80.70 mg/dl, respectively (P <0.001). The prevalence of

obesity and overweight was 63% in men and 77.01% in
women.

The optimal cutoff points for VAI were 4.11 (sensitiv-
ity 80.08, specificity 70, Yuden index 51.2) in men and
4.28 (sensitivity 83.1, specificity 70, and Yuden index 58)
in women to the prediction of MetS. The optimal cut-off
point for BRI was 4.75 in men and 6.17 in women.
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Of the three indices examined, the highest AUC was
related to VAI, which was 0.86 in women (95% CI:
0.85-0.87) and 0.82 in men (95% CI: 0.81-0.83). In
women, VAI also had the greatest predictive power for
MetS with a significant difference from other indicators.
The lowest area under the curve in both sexes belonged to
ABSI with the area under the curve 0.49. Therefore, the
cutoff point identified for ABSI in men and women did not
have an acceptable AUC to predict MetS (Table 2).

The optimal cut-off point was determined to identify
components of the MetS. The optimal cutoff point for detect-
ing triglycerides greater than 150 mg/dl or taking lipid-
lowering drugs for ABSI in men was 0.13 and 0.14 in
women. The optimal cutoff point for identifying high blood
pressure for VAI was 4.03 in men and 4.49 in women. As for
the MetS components, like the MetS itself, ABSI was the
weakest predictor (Table 2).

In Figures 1 and 2, the optimal cut-off points identified
by the anthropometric indices for predicting MetS in the
study population are shown by the ROC curve.

By adjusting for confounding factors in the logistic
regression model, the highest odds ratio (OR) for MetS
in men and women for the amount higher than the cut-off
points was related to VAI, which were 9.82 (8.50-11.34)
and 11.44 (9.84-13.30) respectively (P <0.001). The OR
for MetS in men and women with BRI was 4.55 (4.04—
5.17) and 2.06 (1.82-2.33) times higher than a cut-off
point, respectively (P <0.001). The odds of FBS>
100 mg/dl or drug use for treating diabetes with VAI
higher the cutoff point were 1.44 (CI 95%: 1.25-1.67) in
men and 1.43 (CI 95%: 1.23—1.66, respectively) in women
(Table 3).
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Figure | Receiver-operating characteristic (ROC) analysis of ABSI, BRI, and VAl vs
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Discussion
In this study, the optimal VAI cut-off points of 4.1 in men
and 4.3 in women to predict the risk of MetS, which had
the highest AUC, and it was the best predictor of the MetS
compared to BRI and ABSI. The optimal VAI cutoff point
was reported 2 in Chinese and 2.2 in Turkish population to
predicting the risk of MetS.?*?! In the study of Stefanescu
et al® and Motamed et al,”> among the evaluated anthro-
pometric indices (WC, BMI, BRI, VAI, WHR, WHTR and
ABSI), VAI was the best predictor of MetS. Also, several
studies have reported VAI as a good predictor of MetS and
CVD.?%232% This is partly because of the measure’s high
degree of correlation with triglycerides and HDL.®

The optimal BRI cut-off points of 4.7 in men and 6.2 in
women to predict the risk of MetS. BRI has less predictive
power in women than men. The optimal BRI cutoff point
was reported 4.7 in men and 6.2 in women on Chinese
population and 3.8 in men and 4.0 in women in Colombia
for predicting the risk of cardiometabolic risk and
MetS.?>2® Studies have shown that the power of BRI to
detect MetS and its components was greater than ABSI,
BMI and WC.*?® Some studies have reported that BRI can
be a good indicator for predicting MetS in diabetics.*>?’
Insulin resistance and chronic inflammation are the main
mechanisms of MetS. BRI showed significant correlation
with insulin resistance and inflammatory factors and
with 28-30

Therefore, based on our findings and studies mentioned

equivalence traditional  obesity indices.
above, BRI as a new and non-invasive anthropometric
index has acceptable predictive power for MetS and can
be used as an alternative index to older indices in predict-

ing MetS.
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Table 3 Logistic Regression of MetS and Its Components on Cutoff Points of ABSI, BRI, and VAI
Metabolic Syndrome VAI? BRI ABSI
Components K b
Odds Ratio (95% CI)
Men Women Men Women Men Women
FBS >100 mg/dL or drug use for | 1.44 (1.25-1.67) 1.43 (1.23-1.66) 3.19(2.74-3.71) 3.24 (2.78-3.78) | 1.25 (1.08-1.44) | 1.37 (1.18-1.59)
treating diabetes
Serum triglycerides >150 mg/dL | 53 (42.7-65.9) 26.4 (20.8-33.6) 2.06(1.82-2.32) | 1.82 (1.59-2.08) | 0.67(0.59-0.76) | 1.07 (0.94-1.22)
or drug use for treating
hypertriglycerides
HDL <50 mg/dL in women/ 0.13 (0.11-0.15) [ 0.19 (0.17-0.22) 0.79 (0.71-0.90) | 0.86 (0.76-0.97) | 1.62 (1.44-1.83) | 1.55 (1.37-1.75)
40 mg/d: in men or drug use for
low HDL
Blood pressure >130/85 mm Hg | 1.34 (1.13-1.60) 1.22 (1.04-1.43) 2.13 (1.78-2.54) | 1.85 (1.58-2.17) | 0.98 (0.82-1.16) | 1.24 (1.06—1.46)
or drug use for hypertension
WC >80 cm in women >94 cm 2.30 (2.0-2.64) 3.42 (2.88-4.07) 10.2(6.97-14.79) | 26.4(9.88-70.87) | 1.44 (1.25-1.65) | 2.15 (1.82-2.53)
in men
Metabolic syndrome (IDF) 9.82 (8.50-11.34) | 11.44 (9.84-13.30) | 4.55 (4.04-5.17) | 2.06 (1.82-2.33) | 1.07 (0.95-1.21) | 0.93 (0.82-1.05)

Notes: *VAI, BRI, ABSI (<Cutpoint, Cutpoint <). ®Adjusted for age, smoking status (current/former, never), alcohol intake (units per week) for men. Adjusted for smoking
status (current/former, never), alcohol intake (units per week), menopause for women.

Our study showed AUC and Youden J-index values for
ABSI were lower than BRI and VAI in adult to predict
MetS. Therefore, based on our results, ABSI could not be
a good and reliable predictor for MetS. Previous studies in
Iran and Nigeria have shown that ABSI is not a good
predictor of MetS compared to other anthropometric
indices (BRI, BMI, and WHTR), and has the lowest
AUC to predict the MetS and CVD risk factors.'~*?

Some reasons such as ethnic and racial differences
which can lead to a difference in population’s lifestyle

33,34

(diet and physical activity) could explain disparity

between cutoff points reported in various studies.
Another reason is the use of different criteria for MetS
(IDF, ATP III, AHA, WHO) in studies. Furthermore, the
different prevalence of obesity and overweight from one
population to another may be another reason for the dif-
ference between cutoff points for anthropometric indices.

In our study, based on regression analysis, VAI was
more strongly associated with the MetS than BRI and
ABSI. All anthropometric indices above the optimal cut-
off point, except ABSI, increased the odds ratio of devel-
oping MetS. In the study of Maessen et al, the odds of
having CVD and its risk factors were higher in those with
BRI, WC, and BMI higher the cut-off point. But the odds
ratio of developing CVD and its risk factors in people with
high ABSI was not statistically significant.*

Despite differences in demographic characteristics, geo-
graphic and life style in the studied populations of various

studies worldwide, the results of our study and those of

others show that simple anthropometric index have global
utility in identifying individuals with high risk of develop-
ing MetS. The most important strength of this study is the
use of prospective study data (RaNCD); therefore, the data
were collected solely for research purposes, and the anthro-
pometric and laboratory data were of high quality. The large
sample size was strength of the study. One of the limitations
of the present study is its cross-sectional design. Also, this
study was conducted on adult adults in the Kurdish popula-
tion, so it should be cautiously generalized to other ethni-
cities as well as other age groups.

Conclusion

The findings of the present study showed that anthropometric
indices, which have recently been considered in the discussion
of diseases, can be also good predictors for MetS and its
components. Based on the AUC, sensitivity, and specificity
VAL is a better predictor to MetS than BRI in adult. It may be
related to the VAI formula which includes more defining vari-
ables of MetS. In fact, there is no big advantage for using VAI
instead of IDF criteria in terms of cost. While VAI may provide
aprecise index for screening of MetS, the cost-benefit for using
this index compared to the IDF criteria in most developing and
developed countries need further studies.
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