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Abstract

Context Abdominal obesity (AO) is a definitive link between cardiometabolic complications and metabolic syndrome (MetS).
Many traditional and novel anthropometric indices have been identified to determine AO, and their relationship to MetS has
been investigated. However, whether these indices are useful in a clinical setting is unknown. Moreover, the cut-off points
for these indices to determine MetS have yet to be defined among Southern-Indian adults.

Aims We aimed to evaluate the cut-off values and clinical efficacy of novel anthropometric indices in identifying MetS and
its components.

Materials and methods Subjects (n=202) were recruited and then grouped into cases (MetS =106) and controls
(healthy =96). We measured anthropometric data and assayed glycemic and lipid profiles. Using these, we computed a-body
shape index (ABSI), abdominal volume index (AVI), body adiposity index (BAI), body roundness index (BRI), conicity
index (CI), lipid-accumulation product (LAP), visceral adiposity index (VAI) and waist-triglyceride index (WTI) from
published equations.

Results Compared to the control group, all the novel anthropometric indices were noticeably higher in both male and female
subjects of the MetS group. The area under the curve values (AUCs) demonstrated that BRI, CI, AVI, and WTI had superior
detection power in identifying MetS, and the AUCs varied upon stratification by gender. BRI was strongly associated with
the highest odds of having MetS (OR 66.03).

Conclusions The optimal cut-off and AUC values attained for BRI, CI, AVI, and WTI have a clinical approach in identifying
MetS and its components. The efficacy of these indices to identify MetS differed by gender.

Keywords Abdominal obesity - Abdominal volume index - Body roundness index - Conicity index - Cardio-metabolic risk -
Visceral adiposity index - Waist-triglyceride index
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Introduction

While cardiovascular disease (CVD) consequences have
substantially improved with medical advancements, CVD
contributes to most deaths in recent decades [1]. Metabolic
syndrome (MetS) is an emerging polymorphic entity of
life-threatening risk factors that double the occurrence of
developing CVD and type 2 diabetes (T2DM) [2]. The
individual components of MetS include hyperglycemia,
hypertension, dyslipidemia, and central obesity, interre-
lated and have common mechanisms and pathways [3, 4].
MetS is a significant community health concern, and it is
worrying that both developed and developing countries are
experiencing a high and increasing prevalence of MetS [5,
6]. According to the evidence, approximately one-fourth
of the world’s population can be classified as having MetS
[7]. The prevalence of MetS in developed countries in the
world was estimated to be 7.9-39%, while in India, it was
ranged from 9.2 to 43.2%, as reported in these studies
[8-10]. In South India, a study conducted on the rural
adult population of Puducherry showed the prevalence of
MetS had been reported to be 39.7% [11].

Abdominal (visceral) obesity (AO) is the most predomi-
nant component of MetS and serves as a dysfunctional
adipose tissue marker. AO is connected with systemic
inflammation, dyslipidemia, insulin resistance, and CVD
[12]. The MRI-measured abdominal visceral fat region is
still believed to be the best index for assessing the degree
of abdominal obesity. However, abdominal fat screening is
not feasible in the clinical setting due to cost, safety, and
methodological complexity [13]. Thus, attention has been
given to body mass index (BMI) to measure abdominal
obesity [14]. It has been stated that a unit rise in BMI
increases the odds of having CVD risk [15]. However,
BMTI’s clinical utility was challenged by its inability to
discriminate between fat and lean mass and failure to
report the fat distribution [16]. Later on, studies focused
on waist circumference (WC) to overcome the BMI limita-
tions. WC'’s critical drawback is that the subjects’ weight
and height are not considered, and obesity status in the
short or tall individuals may be underestimated or over-
estimated [17]. Thus, the focus has been shifted toward
the ratios involving waist, hip, and height measurements
to resolve the WC and BMI limitations. Still, evaluating
hip circumference (HC) and height besides waist circum-
ference (WC) has no added value. Therefore, it should
be beneficial to consider body fat and lipid parameters
as an add-on to height, weight, WC, and HC in formulat-
ing novel anthropometric indices to overcome the above-
discussed limitations.

Several efforts have been made to find more non-inva-
sive and straightforward novel anthropometric indices that

can greatly assist in the early diagnosis of MetS. A body-
shape index (ABSI), body roundness index (BRI), vis-
ceral adiposity index (VAI), body adiposity index (BAI),
conicity index (CI), lipid-accumulation product (LAP),
abdominal volume index (AVI), and waist-triglyceride
(TG) index (WTI) were computed using anthropometric
and lipid profiles [18-21]. A higher value of these novel
anthropometric indices would indicate abdominal adipose
tissue dysfunction. However, the study findings evaluating
the diagnostic accuracy of novel anthropometric measures
in identifying MetS are not precise. Furthermore, the cut-
off values for these novel anthropometric measures are not
unified across different populations. For example, Asians
with shorter height may be more predisposed to visceral
fat than Caucasians, and thus they have a greater chance
of cardiometabolic risk at lower BMI [21]. Therefore,
this study investigated the cut-off values and clinical effi-
cacy of novel anthropometric indices in identifying MetS
among Southern-Indians.

Materials and methods
Study design and grouping of participants

This cross-sectional study was conducted in the Department
of Physiology in collaboration with Endocrinology and Bio-
chemistry departments at a tertiary care teaching hospital,
Puducherry, India. Two hundred and two subjects with an
age range between 18 and 65 took part in this study and
signed written informed consent to express their willing-
ness. The Institutional Ethics Committee (Human studies)
allowed this research. After initial screening, 106 subjects
with MetS meeting the inclusion criteria were identified
and recruited from the Endocrine outpatient department by
the approved protocol and guidelines. MetS was identified
with any three of the following five conditions based on
the National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP ATP III) guidelines [3, 4]. Abdominal
obesity (raised waistline); hyperglycemia; elevated serum
triglyceride; reduced HDL-cholesterol; elevated blood pres-
sure > 130/85 mmHg. Ninety-six healthy subjects volun-
teered in the study as a control group after matching for age
and gender.

Sample size calculation

Using OpenEpi, version 3, an online calculator, the sample
size has been estimated to observe the difference of (1.2)
between two independent means of body roundness index
(BRI) (3.5+1.0 vs. 4.7+ 1.3) with a power of 80% and an
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alpha error of 0.05 [22]. Therefore, a sample size of 40, with
20 subjects in each group, was recommended. To obtain addi-
tional information and reliable results, we have recruited 202
participants, with 106 subjects in the MetS group and 96 sub-
jects in the control group.

Brief procedures

Subjects recruited were instructed to abstain from food
for 8-12 h before their assigned date of visit to the obesity
research lab.

Assessment of traditional kinanthropometric
profile, blood pressure, and body composition

According to a standardized protocol described by the World
Health Organization (WHO) [23], the subject’s height (in
centimeters) and weight (in kilograms) were assessed with
a height scale and weight machine. The body mass index
(BMI) was computed using the formula weight in kg divided
by height in m?. We used a non-stretchable measuring tape
to measure waist circumference (WC) at the narrowest point
around the abdomen between the lower part of the last rib
and the top of the hip at the end of expiration. Hip circum-
ference (HC) was taken at the widest part of the hips. The
ratio of waist-to-hip (WHR) and waist-to-height (WHtR)
were calculated. Using Omron automated apparatus, blood
pressure (BP) was measured three times on both the arms of
the subjects after 5—10 min of rest in a sitting position with a
1-min interval between the recordings. Body fat and the lean
percentage were determined via a body composition analyzer
(QuadScan 4000).

Assessment of biochemical profile

We assayed glucose and lipid profiles (total cholesterol, tri-
glycerides, high-density lipoprotein) using commercially
available kits and an auto-analyzer. Friedewald’s equation
was used for the indirect estimation of other lipoproteins [24].
Atherogenic index (AI) was calculated using the formula
Al=logl0(triglyceride (TG)/high-density lipoprotein (HDL)).
Insulin levels were quantified using a commercially available
Calbiotech enzyme-linked immunosorbent assay (ELISA)
kit. Homeostatic model assessment of insulin resistance
(HOMA-IR) was calculated as fasting glucose (mMol) X insu-
lin (pIU/L)/22.5.

@ Springer

Novel anthropometric measures

Based on WC, BMI, TG, and HDL-C, we calculated the fol-
lowing novel anthropometric indices. VAI and LAP are gen-
der-specific [25, 26].

VAI in male = < WC in cms >

39.68 + (1.88 x BMI)
(TG) ( 131 )
X|— ) X | ——
1.03 HDL - C

WC in cms
36.58 + (1.89 x BMI)

(20 ()
0.81 HDL -C/°

In the VAI equation, TG and HDL-C are expressed in
mmol/L.

VAl in female = <

LAP in male=(WC (cm) —65) X TG (mmol/L).
LAP in female = (WC (cm) — 58) X TG (mmol/L).

WTI [27]=WC (cm) X TG (mmol/L).
Based on height, weight, WC, and HC, we calculated
the following novel anthropometric indices.

WC

ABSI = )
BMI?/? x height'/?

In the ABSI equation [28], WC and height are expressed
in meters.

2
BRI = 3642 — 3655 x 1/1— <M>
(0.5 x height)?

In the BRI equation [21], WC and height are expressed
in meters.

AVL = 1000

In the AVI equation [29], WC and HC are expressed in
centimeters.

CI[30] =

2X(WC)2+0.7x(WC— HC)?

__ WCm
Weight in kgs
(0. 109x\/% )

BAI [31]:(%) —18

Statistical analysis

Statistical software Statistical Package of Social Science
(SPSS) Windows version 20.00 (SPSS Inc., Chicago,
IL, USA) was used to perform statistical analysis. Kol-
mogorov—Smirnov test was used to assess the normal-
ity of the data. We used mean + standard deviation (SD)
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for normal distribution and median with an interquartile
range for non-normal distribution for continuous data.
The Student’s independent ¢ test (two-tailed) (parametric)
and Mann—Whitney U test (non-parametric) were used to
compare the data between the groups. We assessed the
dichotomous data (categorical) among the groups with the
chi-square test (Xz)_ The area under the curve (AUC) in a
receiver operating characteristic (ROC) curve analysis was
performed using MedCalc 11.4.2.0 (Ostende, Belgium) to
investigate the accuracy of novel anthropometric measure-
ments in identifying MetS [32, 33]. DeLong-Clarke-Pear-
son’s nonparametric approach was used to compare the
AUC:s of indices. Logistic regression models adjusted for
age, sex, BMI, smoking, and alcohol history were applied
to estimate the odds ratios (ORs) and 95% confidence
intervals (CIs) for novel anthropometric indices for hav-
ing MetS and its components. The lowest quartiles were
set as reference. A p value of less than 0.05 was assumed
to indicate a statistically significant difference.

Results

Table 1 shows the basal demographic and traditional anthro-
pometric data in healthy and MetS subjects stratified by
gender. There were no statistically significant differences
in age, smoking, alcohol intake, and familial history of
metabolic disorders (HTN, T2D, and CVD) between the
control and MetS groups in both male and female subjects
(Table 1). Men smoked and consumed alcohol more often
than women in both the control and MetS groups. Except
for increased waist, the prevalence of other MetS compo-
nents (hyperglycemia, high TG, low HDL-C, and raised
BP) were significantly higher in male MetS subjects than
controls. In contrast, female MetS subjects showed a higher
prevalence of all the MetS components. In the MetS group,
hyperglycemia has predominant distribution in both male
and female subjects. However, the incidence of high TG, low
HDL-C, and raised BP were higher in male MetS subjects
than in females. All the traditional anthropometric param-
eters except height, including weight, BMI, WC, HC, WHR,

Table 1 The basal demographic data and traditional anthropometric measurements in healthy and MetS subjects stratified by gender

Male (n=101)

Female (n=101)

Variables Controls (n=48) MetS (n=53) P Controls (n=48) MetS (n=53) p value
Age (years) p 46.5 (36.0-53.75) 50.0 (40.50-52.0) 0.451 44.0 (38.25-52.00) 44.0 (39.0-51.0) 0.929
Smoking: n (%) 18 (37.5) 19 (35.8) 0.863 0(0.0) 1(1.9) 0.339
Alcohol intake: n (%)q 28 (58.3) 33 (62.3) 0.687 0(0.0) 1(1.9) 0.339
Family H/O HTN: n (%){ 19 (39.6) 20 (37.7) 0.849 22 (45.8) 30 (56.6) 0.377
Family H/O T2D: n (%)1 26 (54.2) 29 (54.7) 0.956 21 (43.8) 28 (52.8) 0.362
Family H/O CVD: n (%){ 7 (14.6) 9 (17.0) 0.742 3(6.2) 9 (17.0) 0.096
Central obesity: n (%)q 23 (47.9) 30 (56.6) 0.383 15(31.2) 30 (56.6) 0.010
Hyperglycemia: n (%){ 10 (20.8) 48 (90.6) 0.001 5(10.4) 46 (86.8) 0.001
High Triglycerides: n (%)4 11 (22.9) 27 (50.9) 0.004 5(10.4) 22 (41.5) 0.001
Low HDL-C: n (%) 8 (16.7) 35 (66.0) 0.001 5(10.4) 29 (54.7) 0.001
Raised BP: n (%) 9 (18.8) 25 (47.2) 0.003 9 (18.8) 15 (28.3) 0.026
Anthropometric measures

Height (cm)® 169.15+5.85 165.15+6.29 0.001 158.87+5.66 152.75+6.72 0.001
Weight (kg)P 72.0 (64.0-76.0) 75 (71.0-79.0) 0.014  65.0 (56.25-74.42) 68.0 (64.0-74.15) 0.018
Body mass index (kg/m*) P 25.50 (24.32-27.85) 27.30 (26.05-28.70) 0.001  25.55 (23.80-28.37)  28.50 (26.05-30.10) 0.001
Waist circumference (cm)® 94.43 +8.07 96.45+10.16 0.008 90.04+9.39 97.06+9.56 0.001
Hip circumference (cm) P 98 (92.25-104.75) 101.0 (97.0-111.50) 0.008 98.00 (93.25-107.50) 106.00 (98.50-110.00) 0.007
Waist-hip ratio® 0.93+0.05 0.97+£0.04 0.001 0.90+0.04 0.92+0.05 0.027
Waist-height ratioP 0.54 (0.52-0.58) 0.60 (0.57-0.65) 0.001  0.57 (0.52-0.59) 0.65 (0.60-0.69) 0.001
Body fat parameters

Body fat (%)P 20.65 (16.85-25.25) 24.70 (22.0-28.05)  0.001 30.30 (23.90-33.70)  37.60 (26.0-43.55) 0.001
Body lean (%)P 79.35 (74.75-83.15)  75.30(71.95-78.0)  0.001 69.70 (65.12-76.10)  61.20 (56.35-74.00) 0.001

Results are expressed as mean + standard deviation for variables with a normal distribution (§), median and interquartile range for variables with
a skewed distribution (p) based on normality testing by Kolmogorov—Smirnov test, and number with percentage for categorical variables (). p
value indicates the differences between healthy and MetS groups according to gender

H/O history of, HTN hypertension, 72D type 2 diabetes mellitus, CVD cardiovascular disease, HDL-C high-density lipoprotein cholesterol
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and WHItR, were significantly higher (p <0.05) in the MetS
group than the control group in both genders. Body fat per-
centage values attained are significantly higher, while the
lean fat percentage was pointedly lesser among the male and
female subjects in the MetS group.

We perceived that significantly higher values of FPG,
insulin and HOMA-IR in both male and female subjects of
the MetS group might indicate an impaired glycemic state.
All the lipid profile parameters (TC, TG, LDL-C, VLDL),
including lipid ratios (LDL/HDL, TG/HDL, TC/HDL, Non-
HDL/HDL, AIP), were significantly higher. In contrast,
HDL-C levels were significantly lower in both male and
female subjects of the MetS group compared to the con-
trol group (Table 2). Based on the estimated cardiovascular
parameters, both male and female subjects in the MetS group
exhibited pre-hypertension status in the form of a signifi-
cantly increased basal heart rate (BHR), systolic blood pres-
sure (SBP), and mean arterial pressure (MAP) (Table 2).
Compared to the control group, all the novel anthropometric
indices (ABSI, AVI, BAI, BRI, CI, LAP, VAI, and WTI)
were significantly higher (p <0.05) in both men and women

of the MetS group (Table 3). Men and women in MetS are
also differed with respect to mean ABSI (men 0.0846 vs.
women 0.0858), mean AVI (men 18.80 vs. women 19.90),
mean BAI (men 28.47 vs. women 38.07), mean BRI (men
5.07 vs. women 6.19), mean LAP (me: 47.42 vs. women
45.39), mean VAI (men 5.40 vs. women 4.10) and mean
WTI (men 160.26 vs. women 148.58) (Table 3). We con-
ducted the main analyses stratified by gender due to these
disparities in values between men and women.

According to the ROC analyses conducted to iden-
tify MetS, we derived AUC, optimal cut-off points (using
Youden Index), sensitivity, and specificity for MetS risk
factors and novel anthropometric indices (Table4). We con-
sidered MetS risk factors and novel anthropometric indices
with an AUC between 0.7 and 1.0 as foremost predictors for
detecting MetS. Among the MetS risk factors, WHtR (AUC
0.816; 95% CI 0.756-0.867), FPG (AUC 0.943; 95% CI
0.902-0.971), TG/HDL (AUC 0.738; 95% CI 0.672-0.797),
and AIP (AUC 0.715; 95% CI 0.647-0.776) showed better
diagnostic accuracy in identifying MetS. The optimal cut-
offs for identifying MetS was determined for WHtR (>0.58),

Table 2 Biochemical and cardiovascular parameters in healthy and MetS subjects stratified by gender

Male (n=101)

Female (n=101)

Variables Controls (n=48) MetS (n=53) P Controls (n=48) MetS (n=53) p value
Glycemic status
Fasting Glucose (mg/dL)P 82.50 (71.50-96.75) 127.0 (113.0-138.0) 0.001 81.50 (73.25-87.0) 134.0 (116.50-165.00) 0.001
Insulin (uU/mL) P 9.64 (5.60-13.04) 15.0 (10.94-18.65) 0.001 10.64 (7.80-13.61) 15.50 (11.45-21.21) 0.001
HOMA-IRP 1.97 (1.10-2.73) 2.42 (1.63-3.36) 0.019 2.10 (1.50-2.80) 4.13 (2.18-6.91) 0.001
Cardiovascular parameters
Heart rate (per min) ¥ 70.46+8.17 77.95+10.33 0.001 74.95+7.95 79.66+11.32 0.019
Systolic BP (mmHg) * 120.93 +11.68 132.49+12.59 0.001 116.64+12.35 130.58 +13.54 0.001
Diastolic BP (mmHg) 77.37+11.13 80.67+7.74 0.084 76.08+10.05 78.05+8.30 0.283
Mean arterial pressure 91.94+10.61 96.27+8.41 0.024 89.44+10.16 93.56+9.05 0.034
(mmHg) ¥
Lipid parameters, including lipid-lipoprotein ratios
Total cholesterol mg/dL p 172.50 (152.0-191.75) 183.0 (175.0-194.0) 0.004 173.50 (162.31-190.50) 191.0 (172.0-207.0) 0.001
Triglycerides mg/dLP 129.50 (100.25-150.0) 156.0 (142.5-177.0) 0.001 130.0 (116.25-141.75) 153.0 (134.50-177.50) 0.001
HDL-C mg/dL ¥ 43.78 £4.82 37.22+6.57 0.001 47.40+5.67 39.75+7.30 0.001
LDL-C mg/dLP 100.0 (77.55-113.0) 108.0 (100.5-124.0) 0.002 102.0 (90.50-112.75) 108.40 (103.0-118.50) 0.002
VLDL-C mg/dLP 24.0 (17.0-30.75) 29.0 (25.50-37.0) 0.001 24.0(16.25-28.82) 27.0 (24.0-31.0) 0.002
LDL/HDLP 2.40 (1.80-2.82) 2.85(2.45-3.39) 0.001 2.30 (2.0-2.80) 2.78 (2.36-3.57) 0.001
TG/HDLP 2.85(2.22-3.27) 4.1 (2.90-4.90) 0.001 2.75 (2.40-3.00) 3.50 (2.70-4.68) 0.001
TC/HDLP 4.0 (3.42-4.50) 5.0 (4.1-5.73) 0.001 3.90 (3.60-4.30) 4.48 (3.82-5.40) 0.001
Non-HDL/HDLP 2.95 (2.42-3.37) 4.0 (3.1-476) 0.001 2.70 (2.50-3.00) 3.50 (2.85-4.40) 0.001
AIPP 0.45 (0.32-0.50) 0.60 (0.50-0.70) 0.001 0.40 (0.38-0.50 0.50 (0.40-0.70) 0.001

Results are expressed as mean + standard deviation for variables with a normal distribution (§), median and interquartile range for variables with
a skewed distribution (p) based on normality testing by Kolmogorov—Smirnov test. p value indicates the differences between healthy and MetS

groups according to gender

HOMA-IR homeostatic model assessment of insulin resistance, BP blood pressure, HDL-C high-density lipoprotein cholesterol, LDL-C low-
density lipoprotein cholesterol, VLDL-C very-low-density lipoprotein cholesterol, AIP atherogenic index of plasma
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Table 3 Comparison of novel anthropometric indices between healthy and MetS subjects stratified by gender

Variables Male (n=101) Female (n=101) p value
Controls (n=48) MetS (n=53) p Controls (n=48) MetS (n=53)
ABSI'® 0.0808 +0.005 0.0846 +0.007 0.005 0.0811+0.005 0.0858 +0.007 0.001
AVIP 17.30 (14.57-18.50) 18.80 (17.30-22.70) 0.001 16.10 (14.12-18.50) 19.90 (18.20-24.20) 0.001
BAIP 26.46 (24.64-28.72) 28.47 (25.84-30.39) 0.020 31.43 (28.06-34.26) 38.07 (34.79-41.17) 0.001
BRIP 4.12 (3.67-4.99) 5.07 (4.65-6.15) 0.001 4.79 (3.82-5.20) 6.19 (5.40-7.54) 0.001
crb 0.99 (0.93-1.05) 1.10 (1.01-1.18) 0.001 0.97 (0.92-1.04) 1.10 (1.00-1.21) 0.001
LAPP 38.84 (25.31-52.48) 47.42 (34.75-79.56) 0.007 36.69 (24.37-45.66) 45.39 (32.91-70.58) 0.002
VAIP 3.90 (2.95-4.77) 5.40 (4.2-7.2) 0.001 3.45 (2.55-3.90) 4.1 (3.20-5.80) 0.001
WTI P 128.57 (91.89-164.55) 160.26 (131.69-205.77) 0.001 129.55 (97.58-146.81) 148.58 (138.61-195.40) 0.001

Results are expressed as mean + standard deviation for variables with a normal distribution (§), median and interquartile range for variables with
a skewed distribution (p) based on normality testing by Kolmogorov—Smirnov test

BRI body roundness index, CI conicity index, LAP lipid-accumulation product, VAI visceral adiposity index, W71 waist circumference-triglycer-
ide index, ABSI a body-shape index, AVI abdominal volume index, BAI body adiposity index. p value indicates the differences between healthy
and MetS groups according to gender

Table 4 Area under the curve, optimal cut-off points (using Youden Index), sensitivity and specificity for MetS risk factors, and novel anthropo-
metric indices in ROC analysis to identify MetS

Variable AUC  95% CI p* Cut-off  Sensitivity Specificity YI p*(WHtR) p’ (FPG) p®(BRI) p¢(CI) p°®(AVI)
MetS risk factors

BMI 0.624 0.554-0.691 0.002 >26.1  65.09 64.42 0.2551 0.001 0.001 0.001 0.001  0.001
WC 0.665 0.595-0.730 0.001 >100 57.74 89.58 0.2732 0.001 0.001 0.001 0.001  0.001
WHR 0.678 0.609-0.742 0.001 >0.96 5528 83.33 0.2862 0.002 0.001 0.004  0.010 0.028
WHIR 0.816 0.756-0.867 0.001 >0.58  75.47 75.00 0.5047 - 0.001 - - -
FPG 0.943 0.902-0.971 0.001 >105 85.85 88.54 0.7439 - - - - -
HOMA-IR  0.696 0.628-0.759 0.001 >2.8 58.49 77.08 0.3557 0.012 0.001 0.025  0.092 0.142
TG/HDL 0.738 0.672-0.797 0.001 >3.2 61.32 84.37 0.4570 0.082 0.001 0.141 0319 0454
AIP 0.715 0.647-0.776 0.001 >0.5 51.89 88.54 0.4043 0.022 0.001 0.045  0.125 0.204
MAP 0.637 0.567-0.703 0.001 >88 82.08 46.88 0.2895 0.001 0.001 0.001  0.002 0.006
Fat percent  0.647 0.577-0.713 0.001 >36.5  50.19 82.71 0.2290 0.001 0.001 0.001  0.003 0.007
Novel anthropometric measures

ABSI 0.629 0.559-0.696 0.003 >0.08  59.30 75.01 0.2500 0.001 0.001 0.001  0.001 0.001
AVI 0.771 0.707-0.827 0.001 >17.3  82.08 58.33 0.4141 0.081 0.001 0.122 0675 -
BAI 0.669 0.600-0.733 0.001 >29.24 71.43 55.81 0.2816 0.001 0.001 0.001  0.005 0.006
BRI 0.805 0.744-0.857 0.001 >4.76  66.04 82.29 0.5192 0.479 0.001 - - -
CI 0.782 0.718-0.837 0.001 >1.06  63.27 93.20 0.4346 0.201 0.001 0.374 - -
LAP 0.670 0.601-0.735 0.001 >64.3  42.86 88.37 0.3023 0.001 0.001 0.001 0.001  0.002
VAI 0.683 0.614-0.747 0.001 >438 56.60 85.42 0.3402 0.008 0.001 0.014  0.020 0.033
WTI 0.732  0.664-0.792 0.001 >129.65 80.19 53.13 0.3904 0.016 0.001 0.036  0.117 0.194

Cut-off values corresponding with the highest Youden index. DeLong. Clarke-Pearson’s nonparametric approach was used to compare the AUCs
of indices

AUC area under the curve, 95% CI confidence interval, ROC receiver operating characteristic, Y7 Youden Index; and others as in Tables 1, 2, and
3. p% pb, pS Pt p° compared the AUC’s of MetS risk factors and novel anthropometric indices with the AUC’s of WHtR, FPG, BRI, AVI, and
ClI, respectively

*Significant ability of each index to separate MetS and non-MetS

FPG (> 105), TG/HDL (> 3.2), and AIP (>0.5). We Of the eight novel anthropometric indices examined, BRI
observed BMI, MAP, and body fat% be the least significant (AUC 0.805; 95% CI 0.744-0.857), CI (AUC 0.782; 95%
predictors with the lowest AUC in ROC analysis (Table 4). CI 0.718-0.837), AVI (AUC 0.771; 95% CI 0.707-0.827),
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and WTI (AUC 0.732; 95% CI 0.664—0.792) showed better
diagnostic accuracy for detecting MetS. The optimal cut-offs
for identifying MetS was determined for BRI (>4.76), CI
(>1.06), AVI (> 17.3), and WTI (> 129.65). We observed
ABSI, BAI, LAP, and VAI as the least significant predic-
tors with the lowest AUC in ROC analysis. Compared with
the AUC of WHIR, non-significant differences were found
with TG/HDL, AVI, BRI, and CI. In comparison with the
AUC of BRI, non-significant differences were found with
TG/HDL, AVI, and CI. Thus, WHtR as a traditional anthro-
pometric measure performs well in screening MetS. BRI,
AVI, and CI were performed similarly to WHtR in identify-
ing MetS (p>0.05 vs. WHtR).

Table 5 shows the AUC, optimal cut-off points (using
Youden Index) for MetS risk factors, and novel anthropo-
metric indices in ROC analysis to identify MetS stratified
by gender. Among men, FPG, WHtR, WHR, TG/HDL,
AIP, and fat percent exhibited stronger predictive ability
for MetS than other metabolic risk factors, and their AUCs
were 0.921, 0.804, 0.753, 0.751, 0.723, and 0.711, respec-
tively. Similarly, BRI, CI, VAI, AVI, and WTI displayed
the best predictive ability for MetS in men, with AUCs of
0.801, 0.770, 0.760, 0.721, and 0.701, respectively. Among
women, FPG, WHtR, HOMA-IR, TG/HDL, fat percent,

AIP, and WC had a better predictive ability for MetS than
other metabolic risk factors, and their AUCs were 0.961,
0.837, 0.765, 0.718, 0.707, 0.701, and 0.700, respectively.
Similarly, BRI, AVI, BAI, CI, and WTI, displayed the best
predictive ability for MetS in women, with AUCs of 0.850,
0.813, 0.803, 0.797, and 0.768, respectively. Thus, whether
men or women, BRI was the strongest predictor of MetS
with a cut-off value varied between>4.13 in men and > 5.21
in women. Apart from BRI, AVI, CI, and WTI, VAI in men
and BAI in women displayed a better predictive ability for
MetS when stratified by gender. However, the lowest AUC
in both men and women belonged to BMI and ABSI. There-
fore, the cutoff points identified for BMI and ABSI in men
and women did not have an acceptable AUC to detect MetS.

Table 6 shows the AUCs (95% CI) for novel anthro-
pometric indices to identify MetS components stratified
by gender. In both men and women, the AUCs of all the
novel anthropometric indices significantly identified
central obesity. AVI, CI, and BRI exhibited the highest
AUC for incident central obesity in both genders (0.955,
0.897, 0.875 in men, and 0.952, 0.948, 0.926 in women,
respectively). Although none of the indices had an AUC
greater than 0.7, the BRI, CI, VAI, and WTI showed
significant AUCs for detecting hyperglycemia in men.

Table 5 Area under the

- . Male Female

curve, optimal cut-off points

(using Youden Index) for Variable AUC 95% CI Cut-off p* AUC  95% CI Cut-off p*

MetsS risk factors, and novel

anthropometric indices in MetS risk factors

ROC analysis to identify MetS BMI 0.586  0.484-0.683 >25.6 0.132  0.602  0.500-0.698 >26.1 0.070

stratified by gender wC 0628 05260722  >100 0021 0700 0.601-0.787 >92 0.001
WHR 0.753  0.658-.834 >0.96 0.001 0.656 0.555-0.748 >0.93 0.005
WHItR 0.804 0.714-0.877 >0.58 0.001 0.837 0.751-0.903 >0.59 0.001
FPG 0.921  0.850-0.965 > 105 0.001 0.961 0.903-0.989 >94 0.001
HOMA-IR 0.635  0.534-0.729 >1.25 0.015 0.765 0.670-0.844 >3.65 0.001
TG/HDL 0.751 0.655-0.832 >32 0.001 0.718 0.620-0.803 >3.40 0.001
AIP 0.723  0.625-0.807 >0.5 0.001 0.701 0.602-0.788 >0.5 0.001
MAP 0.647  0.546-0.740 >87.7 0.008 0.629 0.527-0.723 >87.5 0.024
Fat percent 0.711 0.613-0.797 >22.5 0.001 0.707 0.608-0.793 >38.4 0.001
Novel anthropometric measures
ABSI 0.622  0.520-0.717 >0.08 0.015 0.637 0.535-0.730 >0.08 0.006
AVI 0.721  0.623-0.806 >16.3 0.001 0.813 0.723-0.884 >17 0.001
BAI 0.635  0.533-0.728 >27.97 0.017 0.803 0.712-0.875 >34.83 0.001
BRI 0.801 0.710-0.873 >4.13 0.001 0.850 0.765-0.913 >5.21 0.001
CI 0.770  0.676-0.848 >1.09 0.001 0.797 0.705-0.871 >1.03 0.001
LAP 0.655 0.554-0.747 >66.93 0.004 0.681 0.581-0.770 >53.65 0.001
VAI 0.760  0.665-0.840 >4.6 0.001 0.693 0.605-0.787 >4.5 0.002
WTI 0.701  0.599-0.788 >116.65 0.001 0.768 0.673-0.846 >141.08 0.001

Cut-off values corresponding with the highest Youden index

AUC area under the curve, 95% CI confidence interval, ROC receiver operating characteristic; and others as

in Tables 1, 2, and 3

*Significant ability of each index to separate MetS and non MetS among male and female subjects
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Table 6 Area under the curve values (95% CI) for novel anthropometric indices to identify MetS components stratified by gender

High TG

Low HDL-C

Raised BP

Variables Central Obesity Hyperglycemia

Male

ABSI 0.723* (0.623-0.823) 0.584 (0.472-0.695)
AVI 0.955* (0.919-0.991) 0.570 (0.456-0.685)
BAI 0.843* (0.766-0.923) 0.551 (0.434-0.668)
BRI 0.875* (0.811-0.940) 0.693* (0.588-0.799)
CI 0.897* (0.830-0.964) 0.647* (0.534-0.760)
LAP 0.852* (0.777-0.927) 0.574 (0.460-0.687)
VAI 0.624* (0.514-0.733) 0.638* (0.531-0.746)
WTI 0.737* (0.638-0.901) 0.627* (0.513-0.741)
Female

ABSI 0.762%(0.670 — 0.855) 0.700* (0.598 — 0.802)
AVI 0.952* (0.913-0.991) 0.735* (0.638-0.832
BAI 0.846* (0.766-0.926) 0.783* (0.693-0.873)
BRI 0.926* (0.878-0.974) 0.794* (0.709-0.879)
CI 0.948%* (0.907-0.989) 0.746* (0.652-0.841)
LAP 0.879* (0.811-0.948) 0.703* (0.603-0.803)
VAI 0.739* (0.640-0.838) 0.740* (0.645-0.836)
WTI 0.760* (0.665-0.856) 0.716* (0.618-0.814)

0.548 (0.430-0.665)

0.688* (0.579-0.798)
0.588 (0.476-0.700)

0.673* (0.563-0.783)
0.694* (0.580-0.808)
0.883* (0.814-0.952)
0.934* (0.886-0.982)
0.969* (0.940-0.997)

0.622 (0.489 - 0.755)
0.699%* (0.589-0.809)
0.709* (0.597-0.821)
0.727* (0.617-0.838)
0.679* (0.560-0.797)
0.837* (0.741-0.934)
0.864* (0.780-0.947)
0.945* (0.902-0.989)

0.563 (0.448-0.679)
0.590 (0.480-0.700)
0.554 (0.439-0.668)
0.646* (0.539-0.752)
0.609 (0.500-0.719)
0.572 (0.459-0.684)
0.695* (0.603-0.786)
0.796* (0.707-0.884)

0.606 (0.485 —0.727)
0.620* (0.505-0.736)
0.640* (0.524-0.756)
0.663* (0.550-0.776)
0.622* (0.503-0.740)

0.583 (0.465-0.701)
0.693* (0.580-0.809)
0.697* (0.583-0.812)

0.496 (0.37-0.618)

0.461 (0.338-0.584)
0.557 (0.438-0.675)
0.551 (0.436 0.666)
0.525 (0.399-0.650)
0.522 (0.404-0.639)
0.556 (0.436-0.675)
0.543 (0.426-0.661)

0.520 (0.382 - 0.658)
0.601 (0.480-0.722)
0.552 (0.425-0.678)
0.618 (0.500-0.736)
0.611 (0.491-0.730)
0.675* (0.565-0.784)
0.654* (0.538-0.771)
0.698* (0.586-0.809)

Abbreviations as in Tables 2 and 3

*p <0.05 indicates the significant ability of each index to identify the MetS components

However, all the indices showed significant AUCs for
detecting hyperglycemia in women. Moreover, all of the
indices had AUCs greater than 0.7. WTI, VAI, and LAP
had the highest AUCs for identifying high TG in both
genders, while only WTT and VAI had shown an excellent
predicting ability for low TG. None of the novel anthropo-
metric indices could discriminate among men with raised
BP. However, in women, the AUCs of WTI, VAI, and
LAP were significant in identifying raised BP. ABSI and
BAI were revealed to be the least significant predictors
for hyperglycemia, high TG, low HDL-C, and raised BP.
Moreover, none of the indices have identified all MetS
components in men, whereas WTI has identified all the
MetS components in women.

Binary logistic regression analysis was performed
for MetS, abdominal obesity, hyperglycemia, high TG,
low HDL-C, and raised BP as dependent variables. The
quartiles of novel anthropometric indices served as inde-
pendent variables, with the first quartile serving as the
reference group (Table 7). The odds ratios for MetS
and its components grew along with quartiles for all the
novel anthropometric indices. The highest quartile sub-
jects showed the highest risk for developing MetS and
its components compared to those in the lower quartile.
Among the novel anthropometric indices studied, the
subjects in the fourth quartile of BRI showed the high-
est odds ratios for the occurrence of MetS (OR 66.03;

95% CI 18.01-242.1), central obesity (OR 86.60; 95%
CI 24.30-323.8), hyperglycemia (OR 9.31; 95% CI
3.69-23.48) and raised BP (OR 4.13; 95% CI 1.77-9.6).
Besides BRI, the subjects in the fourth quartile of CI,
AVI, and WTI showed increased odds of developing
MetS, central obesity, and hyperglycemia. Moreover, the
odds of developing high TG, low HDL-C, and raised BP
were observed for the subjects in the fourth quartile of
WTI, VAI and LAP.

Discussion

The current study findings represent the predictive abil-
ity (AUCs) of novel anthropometric indices in identifying
MetS. Despite being good adiposity predictors to over-
come BMI limitations, this study found that BRI, CI, AVI,
and WTI have a higher predictive capacity to discrimi-
nate MetS cases from controls. Besides BRI, AVI, CI, and
WTI, VAI in men and BAI in women displayed a better
predictive ability for MetS. In addition, we attained vari-
ous cut-off values ideal for the anthropometric indices to
detect MetS that were inconsistent across studies. These
differences could be due to the study population, sample
size, and diagnostic criteria for MetS.

Krakauer et al. introduced ABSI in 2007 based on the
normalization of WC to BMI and height to measure the
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Table 7 Odds ratio (95% CI) for the quartiles of novel anthropometric indices to identify MetS and its components after adjustment for age, sex,
BMLI, history of smoking, and alcohol intake

Variables MetS Central Obesity Hyperglycemia High TG Low HDL-C Raised BP
ABSI
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2(0.0792) 1.36 (0.61-3.04) 2.92% (1.22-6.98) 1.36 (0.62-2.98) 0.61 (0.24-1.54) 0.96 (0.42-2.22) 0.71 (0.29-1.70)
Q3 (0.0832) 2.04 (0.92-4.53) 3.72* (1.56-8.86) 1.47 (0.67-3.23) 1.16 (0.49-2.70) 1.15 (0.512.62) 0.79 (0.33-1.87)
Q4 (0.0877)  8.60* (3.42-21.59)  14.90* (5.70-38.9)  4.23* (1.83-9.47) 2.27* (1.00-5.15) 2.23 (1.004.97) 1.15 (0.50-2.65)
AVI
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 (16.21) 5.47% (2.20-13.60)  4.55* (2.01-10.44)  3.02* (1.34-6.82) 1.47 (0.55-3.88) 2.77* (1.14-6.73)  1.16 (0.48-2.82)
Q3 (18.26) 6.88* (2.77-17.08)  6.02* (2.32-15.17)  4.26* (1.85-9.82) 2.47 (0.98-6.19) 3.34* (1.37-8.14)  1.25 (0.52-3.00)
Q4 (20.41) 18.20* (6.69-49.4)  24.77* (7.70-57.61) 5.95* (2.42-14.15) 5.27* (2.11-13.14)  3.78* (1.56-9.18)  1.29 (0.54-3.07)
BAI
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 (26.77) 1.21 (0.55-2.69) 3.64* (1.50-8.81) 1.03 (0.47-2.26) 0.93 (0.39-2.21) 0.86 (0.38-1.96) 0.90 (0.37-2.18)
Q3 (30.03) 1.49 (0.67-3.27) 4.44* (1.83-10.77)  1.08 (0.49-2.35) 1.09 (0.47-2.55) 1.00 (0.44-2.23) 1.13 (0.47-2.68)
Q4 (35.27) 5.49*% (2.29 - 13.16) 12.98* (5.03 — 2.89* (1.26 - 6.61) 1.60 (0.70 — 3.65) 1.32(0.59-2.93) 1.24(0.52-2.92)
33.51)
BRI
Q1 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 (4.29) 11.57* (3.64-36.7)  3.23* (1.07-9.72) 4.41%* (1.85-10.46) 1.66 (0.62-4.47) 4.40* (1.58-12.28) 2.22 (0.80-6.11)
Q3 (5.07) 16.66* (5.17-53.6)  14.14* (4.77-41.96) 4.67* (1.94-11.22) 1.87 (0.71-4.92) 6.30* (2.27-17.51) 2.61 (0.96-7.08)
Q4 (6.09) 66.03* (18.01— 86.60* (24.30— 9.31* (3.69-23.48) 6.73* (2.61-17.33)  6.83* (2.49-18.74) 3.63* (13.7-9.6)
242.1) 323.8)
CI
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 (0.98) 1.73 (0.76-3.94) 8.62* (2.33-15.85)  1.56 (0.71-3.45) 0.69 (0.26-0.79) 1.22 (0.52-2.83) 1.23 (0.50-3.02)
Q3 (1.05) 2.81* (1.24-6.35) 21.20* (6.20-47.68) 1.99 (0.90-4.38) 1.35 (0.56-3.22) 1.73 (0.76-3.94) 1.50 (0.62-3.62)
Q4 (1.13) 39.01* (10.50- 58.30%* (17.48- 8.07* (3.06-18.66) 4.41* (1.89-10.30)  3.07* (1.35-6.99)  2.10 (0.88-5.00)
144.7) 180.1)
LAP
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 (30.74) 1.00 (0.46-2.20) 1.25 (0.46-3.34) 1.32 (0.60-2.91) 0.79 (0.22-2.80) 1.15 (0.50-2.64) 2.40 (0.91-6.26)
Q3 (41.46) 1.04 (0.47-2.29) 7.91%* (3.16-19.77)  1.74 (0.79-3.81) 2.44 (0.84 7.04) 1.22 (0.53-2.77) 2.55(0.98-6.61)
Q4 (58.13) 4.39* (1.83-10.52)  11.25*% (4.66-27.91) 3.13* (1.36-7.15) 37.58%* (12.01- 7.04% (2.37-18.88) 2.78* (1.07-7.26)
107.6)
VAI
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 (3.21) 0.54 (0.24-1.24) 1.56 (0.68-3.62) 0.71 (0.31-1.60) 0.37 (0.06-2.03) 0.62 (0.24-1.63) 2.17 (0.83-5.71)
Q3 (3.91) 1.66 (0.76-3.62) 4.40* (1.88-10.28)  2.18* (1.12-5.48) 4.87* (1.64-14.42)  1.68 (0.72-3.92) 2.68%(1.03-6.97)
Q4 (5.51) 6.59% (2.57-16.87)  5.44* (2.33-12.66)  5.42* (2.22-13.25) 38.77* (13.81- 8.76* (3.53-21.73) 3.22* (1.24-8.37)
108.3)
WTI
Ql 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2(118.27)  3.85*% (1.64-9.03) 1.17 (0.50-2.76) 2.62* (1.15-5.94)  1.09 (0.50-2.36) 1.88 (0.79-4.45) 1.40 (0.53-3.69)
Q3 (144.43)  4.17* (1.77-9.79) 3.39* (1.47-7.77) 3.61* (1.58-8.25) 6.11* (2.60-15.42)  2.40* (1.02-5.64) 2.48 (0.98-6.24)
Q4 (170.71)  9.01* (3.64-22.29)  9.11* (3.66-22.65)  6.00* (2.52-14.24) 46.0* (13.92— 8.92* (3.69-22.86) 2.79* (1.11-7.02)
141.96)

01, 02, 03, Q4 quartiles, Ref reference group. Abbreviations as in Tables 2 and 3

#p<0.05
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health of body shape independently of body size [28].
ABSI’s major strength is that it incorporates data from
WC, height, and weight. However, a higher value of ABSI
would indicate that WC is greater than usual for a speci-
fied height and weight, with more deposition of abdomi-
nal fat contributing to abdominal obesity, which results
in inflammation, insulin resistance, and skeletal muscle
loss. In addition, ABSI predicts incident CVD and mortal-
ity independently from BMI [34]. In contrast, our study
results reveal that ABSI has low predictive power (AUC
0.629; 95% CI 0.559-0.696) with a cut-off value of >0.08.
Our study also showed the AUC, and Youden J-index val-
ues for ABSI were the lowest among the novel indices in
both men and women to detect MetS. Therefore, based on
our results, ABSI could not be a good and reliable indica-
tor for MetS. Moreover, we observed higher ABSI values
than those in Krakauer’s investigation (0.0846 +0.0070
in males and 0.0858 +0.0071 in female MetS subjects vs.
0.0808 +0.0053) indicates higher visceral adipose tissue
and lower muscular tissue among Southern-Indian adults.
We presume that ethnic, racial, and lifestyle variances and
the subject’s anthropometric criteria were the primary rea-
sons for the differences in the study findings. Maessen
et al. reported similar results in 2014 in Nijmegen, the
Netherlands. They found that ABSI could not determine
the CVD presence compared to BRI, BMI, and WC [35].

The AVI and CI will be a valuable criterion for detect-
ing metabolic abnormalities and representing the visceral
adipose tissue. AVI measures the overall volume and is
closely associated with impaired glucose metabolism [29].
In comparison, CI is a health indicator similar to the WHR
and has advantages over WHR. It has an in-built adjust-
ment of WC for height and weight and does not require
HC to measure fat distribution [30]. In this study, both
AVTI and CI showed a better predictive power (AUC 0.782;
95% C10.718-0.837 and AUC 0.771; 95% C1 0.707-0.827
respectively) to identify MetS. Upon stratification, we
observed better performance of AVI and CI to detect MetS
among female subjects. These findings further highlight
the differences in the waist and hip circumferences among
the male and female subjects and the resultant effect of the
differences in the general body fat distribution attributable
to the differences in the relative performances of AVI and
CI between men and women. Despite showing a better pre-
dictive power, both AVI and CI were not standing superior
to BRI in our study. While the height is used in the CI for-
mula, the higher height of men will be minimized by the
higher weight, explaining CI’s inability to predict MetS
better than BRI in men. Also, higher AVI values were
observed, particularly in women with a larger HC than WC
[20]. Both AVI and CI have superior predictive ability to
identify central obesity (Table 6). Moreover, the subjects
in the fourth quartile of AVI and CI have a considerable

odds ratio (OR) for MetS (OR 18.20 and 39.01), central
obesity (OR 24.77 and 58.30), hyperglycemia (OR 5.95
and 8.07), high TG (OR 5.27 and 4.41) and low HDL-C
(OR 3.78 and 3.07). Wang et al. published similar findings
in 2017 and observed superior predictive ability of BMI
and AVI to classify MetS in Chinese adults than other
anthropometric indices [36]. However, in the same study,
Wang et al. found that CI presented a prognostic function
only for newly diagnosed hypertensive patients, suggest-
ing its inferior predictive potential for MetS components.
These variations in the results are due to the differences in
diagnostic guidelines and anthropometric attributes among
the study population.

Thomas et al. [21] introduced BRI in 2013 to estimate
body fat and visceral adipose tissue (VAT) using WC to
height, allowing the human body’s shape to be measured as
an ellipse or oval. BRI values range from 1 to 16, so there
are higher values for rounder individuals, whereas lean indi-
viduals have values close to one. Maessen et al. [35] found
that CVD and CVD risk factors could be identified well by
BRI and have a higher adjusted odds ratio (OR). In agree-
ment with Maessen et al., our data revealed that BRI could
recognize MetS and showed superior predictive power over
the other novel anthropometric indices (AUC 0.805; 95%
CI 0.744 to 0.857) with a cut-off value of >4.76. Moreo-
ver, we found non-significant differences between BRI and
WHIR, implying that BRI could identify MetS similarly to
WHItR. In addition, women had notably higher AUC and
cut-off value of BRI to identify MetS (AUC 0.850; 95% CI
0.765-0.913; cut-off >5.21) than men (AUC 0.801; 95%
CI 0.710-0.873; cut-off >4.13). BRI showed the superior
predictive ability to detect hyperglycemia in both genders.
The BRI’s ability to detect other MetS components, such
as central obesity, high TG, low HDL-C, and raised BP,
was equivalent to but not superior to those of the other
novel anthropometric indices. In this study, we found that
the median BRI values were higher than those of Thomas
et al. [21] (5.07 (4.65-6.15) in men and 6.19 (5.40-7.54)
in women with MetS vs. 4.6 +1.3). According to Thomas
et al. [21], BRI values can reflect VAT and body fat. Thus,
the higher values for BRI in our study would indicate an
elevated VAT and body fat in our study participants. Fur-
thermore, among the studied novel anthropometric indices,
the subjects in the fourth quartile of BRI had the highest
odds ratios for MetS (OR 66.03; 95% CI 18.01-242.1), cen-
tral obesity (OR 86.60; 95% CI 24.30-323.8), hyperglycemia
(OR 9.31; 95% CI 3.69-23.48) and raised BP (OR 4.13;
95% CI 1.77-9.6). Thus, BRI can be considered the best
novel anthropometric measure for identifying MetS and its
components among Southern-Indians.

In 2011, Bergman et al. proposed BAI as an alternative
approach to measure adiposity and resolve BMI deficiencies
[31]. They conclude that BAI can be an obesity predictor
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and represents the body fat percentage (BF%). Dual-energy
X-ray absorption (DEXA) measured body fat (r=0.85, p
0.001) showed a significantly higher association with BAI
than BMI. The application of HC in BAI formulae captures
gender differences in adiposity better than the BMI, which
may be a critical conceptual benefit of the BAI over BMI.
However, Lopez et al. reported that BAI is not meeting the
BMI constraints since the only advantage of using BAI
over BMI is that the formulae do not require weight [37].
In another study, Shin et al. reported that BAI in Korean
adults showed less utility in the diagnosis of MetS than BMI
and WHtR [38]. Similarly, we found that BAI has lower
predictive power (AUC 0.669; 95% CI 0.600-0.733) in
identifying MetS. However, in females, BAI exhibited good
predictive ability and stood close to BRI and AVI. This is
expected because males tend to have lower adiposity com-
pared to females. This is also reflected in a lower value of
mean BAI for men (28.47 (25.84-30.39) in men vs. 38.07
(34.79—-41.17) in women). Thus, gender differences, adipos-
ity levels, and weight status could be the reasons for BAI’s
weak predictive ability, as females are shorter than males
and have more BF%. LAP is an index created based on WC
and TG, first proposed in 2005 by Kahn et al. to quantify
lipid over-accumulation and differentiate between visceral
and subcutaneous adiposity. Several studies reported LAP’s
accurate predictive value in identifying MetS, T2DM, and
CVD risk [18, 39]. In T2DM patients, LAP was correlated
with glucose intolerance, lipid peroxidation, and systemic
inflammation [40]. The higher LAP values would demon-
strate a greater degree of lipid deposition in the body. Con-
versely, in our study, despite a substantial difference between
the men and women in the MetS and control groups, LAP
had lower predictive accuracy than BRI, AVI, CI, and WTI
in detecting MetS (AUC 0.670; 95% CI 0.601-0.735). In
particular, LAP exhibited a markedly lower performance
among women and men. However, LAP’s performance in
detecting high TG was not affected among both genders.
This was further reflected as an association of LAP with an
increased odds of developing high TG. The primary reason
for LAP’s weak predictive power might be the subject’s cri-
teria toward MetS, as many of them have regular TG and
HDL-C levels. Hence, multiple metabolic abnormalities are
needed to produce dyslipidemia in these subjects.

Another recently introduced index for assessing visceral
fat and adipose tissue dysfunction is the VAI, dependent on
WC, BMI, TG, and HDL-C [41]. Previous studies have sug-
gested that VAI could help assess visceral fat dysfunction
linked to impaired glucose metabolism and diabetes. VAI
has also been reported to have significant advantages over
WC for identifying MetS [42, 43]. Our study results were
not concordant with the above studies [42, 43] and observed
that VAT has the lower predictive accuracy in detecting MetS
(AUC 0.683; 95% CI 0.614-0.747). Even though VAI is
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calculated using gender-specific equations, our data showed
that the cut-offs for both genders (>4.6 in men vs. >4.5
in women) were similar, with men having a slightly higher
predictive capacity. Among the MetS components, high TG
was better identified by VAI in both genders. Moreover, the
subjects in the fourth quartile of VAI had increased odds
ratios for high TG and low HDL-C. The subject’s demo-
graphic and anthropometric profiles, especially the recruit-
ment of middle-aged subjects, may be responsible for these
findings. Bermudez et al. [44] have also reported consider-
ing the age factor when using VAL, as its predictive value
seems higher among younger persons. Borruel et al. have
published consistent observations and revealed that VAI
did not deliver a detailed analysis of visceral adiposity sta-
tus other than WC and BMI [45]. However, Baveicy et al.
reported that VAI has a superior predictive ability than BRI
in identifying MetS among adults. Perhaps this is probably
the result of more MetS variables in the VAI formula and a
high degree association of visceral adiposity with TG and
HDL-C [46]. Raised TG and low HDL-C with excessive WC
act as an independent risk factor for CVD risk. The WC can
roughly estimate the visceral fat accumulation, while TG
levels can indirectly reflect LDL-C. This forms the basis for
developing WTI, which can predict the outcome of coronary
artery disease (CAD) [27]. To support these results, in our
study, we found that WTI showed a better predictive power
(AUC 0.732; 95% CI 0.664-0.792) to identify MetS than
ABSI, BAI, VAI and LAP, but not demonstrated predictive
power as superior as BRI, AVI, and CI. Compared to other
novel indices, WTT has shown the highest predictive ability
to identify high TG, low HDL-C, and raised BP in women,
but only high TG and low HDL-C in men. Furthermore, the
subjects in the fourth quartile of WTI showed the highest
odds ratios for high TG and low HDL. Similarly, Yang et al.
observed a significant positive correlation of WTI with the
CAD score and considered WTTI a strong predictor of CAD
[27].

Our study’s primary strength is the detailed interpreta-
tion of several novel anthropometric indices, and perform-
ing AUC-ROC analysis for diagnostic accuracy is extremely
valuable. Our study also proposed optimal cut-off points for
these anthropometric indices. There was an apparent dif-
ference between the two genders in all of the novel anthro-
pometric indices, implying that gender-specific reference
values should be employed in clinical practice. Despite its
strengths, this work has a few limitations that must be taken
into account. The cross-sectional research strategy used is
not ideal for establishing a cause-and-effect relationship.
Though the sample size was relatively modest, the numbers
were adequate to achieve a reasonable statistical difference.
Most of the research on anthropometric indices in metabolic
diseases had a similar or even smaller sample size. Thus, a
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better approach may be conceived for future studies with a
larger sample size from a multi-centric population.

In conclusion, we found that novel anthropometric meas-
ures, especially BRI, CI, AVI, and WTI, have significantly
higher predictive capacity to identify MetS and its compo-
nents than others. WHtR, a traditional anthropometric meas-
ure, offers the best performance in screening MetS among
the MetS risk factors. BRI, AVI, and CI performed similarly
to WHItR in identifying MetS. Upon stratification by gender,
VAI in men and BAI in women displayed a better predic-
tive ability for MetS in addition to BRI, AVI, CI, and WTIL.
Among traditional and novel anthropometric indices, BMI
and ABSI exhibited the weakest predictive power to iden-
tify MetS in both genders. We also emphasized the clinical
efficacy of the novel anthropometric indices in determining
MetS by employing specific cut-off values. The optimal cut-
off points for the novel anthropometric indices obtained in
the current study were comparable to international cut-offs.
Amongst the indices studied, BRI has the highest odds ratios
for the occurrence of MetS, central obesity, hyperglycemia,
and raised BP. WTI, on the other hand, has the highest odds
ratios for the occurrence of high TG and low HDL-C. There-
fore, this study suggests that considering BRI, CI, AVI, and
WTI besides WHIR could help identify MetS and its com-
ponents among Southern-Indian adults.
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