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Investigating the efficiency of 
novel indicators in predicting risk of 
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Abstract:
BACKGROUND: Whether new anthropometric indicators are superior to conventional anthropometric 
indicators and whether they can better identify MetS in apparently healthy people needs further 
research. Thus, this study aimed to estimate the efficiency of novel indicators in predicting the risk 
of metabolic syndrome (MetS) in the Iranian adult population.
MATERIAL AND METHODS: In this cross‑sectional study, 800 subjects were selected by clustered 
random sampling. The metabolic factors, traditional and novel anthropometric indices, the triglyceride 
and glucose index  (TyG index) and modified TyG indices  (TyG‑BMI, TyG‑WC, TyG‑WHR, and 
TyG‑WHtR), and metabolic score for insulin resistance (METS‑IR) were evaluated. The MetS was 
calculated according to the IDF criteria. To investigate the risk ofMetS, logistic regression was used 
along with modeling.
RESULTS: In all three models, all traditional anthropometric indices were associated with 
MetS (P < 0.001). Regarding novel anthropometric indices, all indices (except for ABSI) significantly 
predicted the risk of MetS in all participants before and after adjustment (P < 0.001). WTI index 
presented the highest Odds ratios for MetS (29.50, 95% CI: 15.53–56.03). A positive association was 
found in all models between TyG and modified TyG indices and METS‑IR with MetS (P for all < 0.001). 
TyG‑WHtR index presented the highest Odds ratios for MetS (70.07, 95% CI: 32.42–151.43).
CONCLUSION: A combination of the TyG index and WHtR (TyG‑WHtR index) was better than the 
TyG index alone, with a higher odds ratio in predicting MetS. Due to the simplicity of these indices, 
cost‑effectiveness, and facility at small‑scale labs and being predictive of MetS risk it is suggested 
to include these markers in clinical practice.
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Introduction

Metabolic syndrome (MetS) consists of 
a set of metabolic disorders and risk 

factors for cardiovascular diseases (CVDs) 
and type 2 diabetes mellitus, with symptoms 
such as abdominal obesity, hyperglycemia, 
insulin resistance, dyslipidemia, and 
hypertension.[1‑3] MetS increases the risk 
of heart disease up to two times and 

type 2 diabetes up to five times.[4] Today, 
this syndrome is prevalent all around the 
world and is introduced as an important 
health concern. The global prevalence of 
this disease in adults is estimated at 25%, 
depending on factors such as living area, 
age, sex, and lifestyle.[5,6] In the Middle East 
and South Asia, the prevalence of MetS is 
higher than the global average, and in Iran, it 
is reported as 30.4% in adults.[7] The etiology 
of MetS is complex and results from the 
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interaction of genetic and environmental factors. This 
syndrome is considered a public health challenge in the 
world due to the sedentary lifestyle, increased energy 
intake, increased obesity, and in other words, the modern 
world’s lifestyle.[6] Abdominal obesity, as one of the main 
components of MetS, is the most important risk factor for 
heart disease, which is often associated with increased 
metabolic abnormalities such as high blood pressure, 
dyslipidemia, and insulin resistance.[8] The literature 
indicated that weight gain and obesity could increase the 
risk of MetS. On the other hand, weight loss is associated 
with reducing the risk of MetS and related risk factors.[9‑11] 
For defining obesity, several anthropometric indices are 
used. In recent years, there have been more investigations 
about the factors for better risk prediction of CVDs.[12] 
Some studies have found statistical evidence about the 
priority of abdominal obesity indices  [such as waist 
circumference (WC), waist‑to‑height ratio (WHtR), and 
waist‑to‑hip ratio (WHR)] in determining the risk factors 
of heart diseases over body mass index (BMI).[13‑15] New 
anthropometric indices have been constructed recently 
for screening MetS, including abdominal volume 
index (AVI), A body shape index (ABSI), body adiposity 
index  (BAI), lipid accumulation index  (LAP), body 
roundness index (BRI), Universidad de Navarra‑body 
adiposity estimator  (CUN‑BAE), triponderal mass 
index (TMI), conicity index (CI), metabolic score for insulin 
resistance  (METS‑IR), and triglyceride‑glucose  (TyG) 
index.[16‑20] Implementation of these indicators has several 
advantages, including ease of use, low cost, common 
use in both men and women, and previous applications 
in various populations.[21] However, whether these new 
anthropometric indicators are superior to conventional 
anthropometric indicators and whether they can better 
identify MetS in apparently healthy people needs further 
research. Since the efficiency of novel anthropometric 
indicators has not been investigated in the Iranian adult 
military population, the present study was designed to 
investigate the prevalence of MetS and its related risk 
factors based on International Diabetes Federation (IDF) 
criteria, assessment of the efficiency of novel indicators 
in predicting risk of MetS in the employees of a military 
center in Iran.

Materials and Methods

Study design and setting
The present study was a cross‑sectional study conducted 
on the employees of a military center between May and 
September 2022.

Study participants and sampling
At first, 800 subjects were included in the survey using 
clustered random sampling, and 50 of them were 
excluded from the study according to the inclusion 
and exclusion criteria. The inclusion criteria included a 

willingness to participate in the study, both sexes between 
18 and 60  years old. The exclusion criteria included 
unwillingness to participate in the study, pregnancy 
and breastfeeding, incompleteness of demographic or 
anthropometric information, following special diets, 
taking special drugs due to a specific disease such as 
fatty liver, thyroid, cancer, HIV, and infectious diseases, 
consumption of smoking and alcohol, and taking special 
supplements in the last 3 months.

Data collection tool and technique
Measurement of anthropometric indices
In the current study, weight was measured using a 
digital scale made in Japan with an accuracy of 0.1 kg, 
without shoes and with the least possible clothing. 
A tape measure with an accuracy of 0.5 cm was used to 
measure the height. The WC was calculated from the 
upper part of the iliac crest and above the navel, and the 
hip circumference  (HC) was measured from the most 
prominent part of the hip area using a tape measure. BMI 
was calculated using the formula (weight in kilograms/
height in meters squared).[22,23] Also, WHR was obtained 
by dividing WC by HC. A trained expert performed all 
measurements.

Formulas for calculating novel anthropometric indices 
and AIP[24‑26]

Waist‑to‑height ratio (WHtR) = WC (cm)/height (cm)

We i g h t ‑ a d j u s t e d ‑w a i s t  i n d e x   (WW I )  = 
WC (cm)/√weight (kg)

Body roundness index  (BRI)  =364.2   −  365.5 
× 1 – WC (cm)/2 π2 × 0.5 height (m)

( ) 1/2 2/3

wc
A body shape index  ABSI =

×BMIheight

Abdominal volume index (AVI) = [2 (WC2 ) + 0.7(waist/
hip)2]/1000

( ) -1.5

hip
Body adiposity index   BAI = 18

height

√

WC(m)
Conicity index (CI) =

weight(kg)
0.109

height(m)

Lipid accumulation product (LAP)  for men=[WC(cm)-
65]×[triglyceride(mM)]

Lipid accumulation product (LAP)  for women=[WC(cm)-
58]×[triglyceride(mM)]
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Waist circumference‑triglyceride index  (WTI) = 
Ln [TG (mg/dl).WC (cm)/2]

Tri‑ponderal mass index (TMI) = weight (kg)/height (m3)

Atherogenic index of plasma (AIP) = Log TG/HDL‑C

Calculation of TyG index and modified TyG indices[27,28]

Triglyceride and glucose index  (TyG index) = Ln 
[TG (mg/dl) × FBG (mg/dl)/2]

TyG‑BMI = TyG index × BMI

TyG‑WC = TyG index × WC (cm)

TyG‑WHR = TyG index × WHR

TyG‑WHtR = TyG index × WHtR

METS‑IR = Ln [(2 × FBG) + TG)] × BMI/Ln (HDL‑C)

Blood pressure (BP) assessment

After the patients rested for 20  minutes, the BP was 
recorded between 8:00 and 9:00 AM by the same nurse 
who performed the blood sampling. This work was 
repeated three times in a row, and the average of three 
consecutive measurements was calculated.

Calculation of pulse pressure  (PP) and mean arterial 
pressure (MAP)[29]

Pulse pressure (PP)(mmHg) = systolic blood 
pressure (SBP) (mmHg) −diastolic blood pressure (DBP) 
(mmHg)

Mean arterial pressure (MAP)(mmHg)=[SBP+(2×DBP)]/3

Biochemical measurements
In this study, after 12 hours of fasting, 5 cc of blood 
was taken from each person to measure serum levels of 
fasting blood glucose (FBG) and lipid profile including 
triglyceride  (TG), total cholesterol  (TC), high‑density 
lipoprotein cholesterol  (HDL‑C), low‑density 
lipoprotein cholesterol (LDL‑C), and very low‑density 
lipoprotein (VLDL). FBG and lipid profile were measured 
by enzymatic method and using the Pars Azmoon Kit 
made in Iran.

Definition of MetS
According to the criteria of the International Diabetes 
Federation  (IDF), MetS is defined as the presence of 
central obesity or a WC ≥95 cm for both sexes (according 
to the Iranian National Obesity Committee)[30] 
plus two or more of the following four factors: 
TG ≥150 mg/dl or drug treatment, HDL‑C <40 mg/dl 

in men and less than <50 mg/dl in women or drug 
treatment, SBP/DBP ≥130/85 or drug treatment, and 
FBG ≥100 mg/dl or drug treatment.[4]

Calculation of sample size
According to Maleki et al.’s study[31] and the prevalence 
of MetS in the Iranian adult population  (4.4%), the 
initial sample size in this study was 720 subjects with 
a confidence error (d = 1.5%) and a confidence level of 
95% according to the formula (n = (z1‑a/2)

 2. p (1 − p)/d2). 
With a drop of 10%, the final sample size was considered 
800 subjects.

Statistical analysis
In this study, the normal distribution of the data was 
evaluated using the Kolmogorov‑Smirnov statistical 
test. The Independent t‑test was used to compare 
quantitative variables in two groups, and the Chi‑square 
test was used to compare qualitative variables. To 
investigate the risk of MetS, logistic regression was 
used along with modeling  (crude model and models 
with adjustment of the effect of confounding factors 
such as age, gender, education, marital status, and 
medications). All quantitative data are expressed as 
mean  ±  standard deviation and qualitative data are 
expressed as numbers (percentages) and SPSS version 19 
software was used for data analysis. A P value less than 
0.05 was considered as a significant level.

Ethical consideration
The research protocol was in accordance with the 
guidelines of the Declaration of Helsinki. The Ethics 
Committee in Research of Baqiyatullah University of 
Medical Sciences approved the study protocol (Ethical 
code: IR.BMSU.REC.1401.020, Approval date: 2022‑05‑10). 
The informed written consent form was completed for 
all subjects at the beginning of the study.

Results

Fifty participants were excluded due to a lack of inclusion 
criteria. The prevalence of MetS, according to IDF 
criteria, was 17.46% in the sample. The mean age of the 
participants was 39.27 ± 7.57 years. The characteristics 
of the subjects without MetS and with MetS groups are 
presented in Table 1. Of the 750 participants studied, 
635 (84.67%) were males and 115 (15.33%) were females. 
The height, ABSI, marital status, education, and gender 
of without and with MetS groups were not significantly 
different (P ≥ 0.05).

Subjects  with MetS had significantly higher 
age (P = 0.008), SBP, DBP, MAP, PP, weight, BMI, WC, 
HC, WHR, WHtR, AVI, CI, LAP, BAI, BRI, WWI, WTI, 
TMI, FBG, TG, VLDL, TC, LDL‑C, LDL‑C.HDL‑C ratio, 
AIP, TyG, TyG‑BMI, TyG‑WC, TyG‑WHR, TyG‑WHtR, 
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Table 1: The characteristics of the subjects in the without and with MetS groups
Variables Non‑MetS (n=619) MetS (n=131) P
Age (y) 38.93±7.65 40.87±6.99 0.008
Gender

Female (n)
Male (n)

98 (85.2)
521 (82)

17 (14.8)
114 (18)

0.41*

Total 619 (82.5) 131 (17.5)
Education 0.80*

Diploma (n) (%) 298 (81.6) 67 (18.4)
Associate degree (n) (%) 92 (84.4) 17 (15.6)
BSc (n) (%) 196 (83.8) 38 (16.2)
MSc (n) (%) 22 (75.9) 7 (24.1)
PhD (n) (%) 11 (84.6) 2 (15.4)
Total 619 (82.5) 131 (17.5)

Marital status 0.57*
Single (n) (%) 72 (84.7) 13 (15.3)
Married (n) (%) 547 (82.3) 118 (17.7)
Total 619 (82.5) 131 (17.5)
SBP (mmHg) 119.94±6.78 126.08±10.14 <0.001
DBP (mmHg) 76.92±6.97 81.84±8.37 <0.001
MAP (mmHg) 91.26±6.41 96.59±8.66 <0.001
PP (mmHg) 43.02±5.47 44.23±5.22 0.02

Traditional anthropometric indices
Weight (kg) 77.09±11.41 89.11±9.67 <0.001
Height (cm) 173.65±7.75 175.00±7.39 0.06
BMI (kg/m2) 25.51±3.05 29.12±2.96 <0.001
WC (cm) 88.72±8.94 100.58±5.21 <0.001
HC (cm) 95.44±9.00 107.60±5.22 <0.001
WHR 0.92±0.01 0.93±0.02 0.006

Novel anthropometric indices
WHtR 0.51±0.05 0.57±0.03 <0.001
ABSI (m11/6 kg‑2/3) 0.078±0.006 0.079±0.005 0.16
AVI 15.90±3.20 20.29±2.16 <0.001
CI 1.22±0.09 1.29±0.05 <0.001
LAP 35.84±21.96 90.13±37.44 <0.001
BAI (kg/m2) 23.83±4.57 28.59±3.27 <0.001
BRI 5.07±0.28 5.40±0.17 <0.001
WWI 10.14±0.86 10.68±0.51 <0.001
WTI 8.53±0.47 9.23±0.40 <0.001
TMI 14.72±1.91 16.69±2.07 <0.001

Biochemical parameters
FBG (mg/dl) 92.63±11.04 110.58±29.81 <0.001
TG (mg/dl) 127.91±62.27 220.09±86.79 <0.001
VLDL (mg/dl) 25.58±12.45 44.01±17.35 <0.001
TC (mg/dl) 177.90±38.42 204.29±44.30 <0.001
HDL‑C (mg/dl) 44.31±7.77 38.69±5.47 <0.001
LDL‑C (mg/dl) 107.05±33.15 121.11±41.06 <0.001
LDL‑C.HDL‑C ratio 2.49±0.92 3.16±1.09 <0.001
AIP 0.42±0.22 0.72±0.19 <0.001

TyG and modified TyG indices
TyG 8.57±0.47 9.30±0.46 <0.001
TyG‑BMI 219.05±30.50 271.10±30.18 <0.001
TyG‑WC 761.23±89.69 936.57±70.04 <0.001

TyG‑WHR 7.96±0.47 8.70±0.50 <0.001

Contd...
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and METS‑IR  (P for all <0.001) and had significantly 
lower HDL‑C (P < 0.001).

As shown in Table 2, according to the IDF criteria, the 
prevalence of central obesity (38.4%), high TG (41.1%), 
low HDL‑C  (34.3%), and hypertension  (11.3%) were 
significantly higher in males than in females  (P for 
all <0.05).

Odds rat ios   (95% CI)  for  MetS   (dependent 
variables) according to traditional anthropometric 
indices  (independent variables among participants) 
are shown in Table 3. In all three models, all traditional 
anthropometric indices  (weight, BMI, WC, HC, and 
WHR) correlated with MetS (P for all <0.05).

Regarding novel anthropometric indices,  al l 
indices (except for ABSI) significantly predicted the risk 
of MetS in all participants before and after adjustment (P 
for all <0.001). WTI index presented the highest Odds 
ratios for MetS (29.50, 95% CI: 15.53–56.03) [Table 4].

Odds ratios (95% CI) for MetS according to TyG, modified 
TyG indices, and METS‑IR are presented in Table  5. 
A positive association was found in all models between 
TyG, modified TyG indices, and METS‑IR with MetS 
(P for all <0.001). TyG‑WHtR index presented the highest 
Odds ratios for MetS (70.07, 95% CI: 32.42–151.43).

Discussion

In the present study, the prevalence of MetS was 17.5%. 
All traditional anthropometric indices were associated 
with MetS. Regarding novel anthropometric indices, all 
indices (except for ABSI) significantly predicted the risk 
of MetS in all participants before and after adjustment. 
WTI index presented the highest Odds ratios for MetS. 
A positive association was found in all models between 
TyG and modified TyG indices and METS‑IR with MetS. 
TyG‑WHtR index presented the highest Odds ratios for 
MetS.

The application of anthropometric parameters is one of 
the new and low‑cost diagnostic tools of MetS. It seems 

novel anthropometric indices can represent MetS better 
than conventional anthropometric indices.[18] Some 
studies establish that WC and BMI indices supply 
confined data regarding fat distribution. WC is indistinct 
to what extent depends on body size and a raised 
waistline alone is insufficient to identify visceral obesity 
and consequently the MetS risk.[32,33] BMI is a rough index 
of obesity because subjects with similar BMI may exhibit 
different grades of fatness.[34,35] However, no consensus 
has been agreed upon about the best anthropometric 
indices for predicting the MetS. In this cross‑sectional 
analytical study, we assessed and compared the 
predictive ability of novel and traditional anthropometric 
indices and the triglyceride and glucose index  (TyG 
index) and modified TyG indices in identifying MetS. 
Wu et  al. compared conventional and novel indices 
for predicting MetS in Chinese adults and concluded 
that the novel anthropometric index could identify 
MetS in non‑overweight/obese people. The authors 
recommended WHtR as an early primary screening 
method for MetS in non‑overweight/obese people.[18] In 
another cross‑sectional study that examined the ability of 
novel and traditional anthropometric indices to predict 
the risk of MetS and its components in Peruvian adults, 
BRI performed similarly to or better than BMI and WC 
at predicting MetS and MetS components.[36] Quaye et al. 
found that WC and BMI did not help to predict MetS and 
its components in females, whereas novel indices such as 
AVI and CI could predict MetS in females.[37] The most 
effective anthropometric indicator for identifying MetS 
varies across sex and age.[21]

In the present study, except for ABSI, all obesity indices 
had the capacity to predict MetS. ABSI, proposed by 
Krakauer et  al., is based on WC but is independent 
of height and BMI.[38] Consistent with our finding, 
a cross‑sectional study by Guo et  al. indicated that, 
except for ABSI, other anthropometric indices could 
identify MetS in middle‑aged patients with diabetes.[21] 
Some studies also have shown that ABSI was weak in 
predicting cardiovascularCVD and MetS.[18,38‑40] Some 
studies have demonstrated that ABSI performs better 
than BMI and WHtR as a visceral adiposity index to 
predict metabolic diseases.[41‑43] Leone et al. found that 

Table 1: Contd...
Variables Non‑MetS (n=619) MetS (n=131) P

TyG‑WHtR 4.38±0.52 5.35±0.39 <0.001
METS‑IR 38.82±5.55 48.51±5.60 <0.001

Values are expressed as means±SD. P<0.05 was considered as significant using Independent t‑test for comparison between the two groups. *P<0.05 was 
considered as significant using Chi‑square test. BSc; Bachelor of Science, MSc; Master of Sciences, PhD; Doctor of Philosophy, MetS; metabolic syndrome, 
BMI; body mass index, WC; waist circumference, HC; hip circumference, WHR; waist‑to‑hip ratio, SBP; systolic blood pressure, DBP; diastolic blood pressure, 
MAP; mean arterial pressure; PP; pulse pressure; FBG; fasting blood glucose, TG; triglyceride, TC; total cholesterol, HDL‑C; high‑density lipoprotein cholesterol, 
LDL‑C; low‑density lipoprotein cholesterol, VLDL; very low‑density lipoprotein, AIP; atherogenic index of plasma, WHtR; waist to height ratio, ABSI; a body 
shape index; AVI; abdominal volume index; BAI; body adiposity index, BRI; body roundness index, CI; conicity index, LAP; lipid accumulation production, 
WWI; weight‑adjusted‑waist index, WTI; waist circumference‑triglyceride index, TMI; tri‑ponderal mass index, TyG index; triglyceride and glucose index, 
METS‑IR; metabolic score for insulin resistance. Central obesity: Obese for male and female (WC ≥95 cm) or normal (WC <95), FBG: high (≥100 mg/dl) or 
normal (<100 mg/dl), TG: high (≥150 mg/dl) or normal (<150 mg/dl), HDL‑C: low (<50 mg/dl for female and <40 mg/dl for male) or normal (≥50 mg/dl for female 
and ≥40 mg/dl for male), SBP/DBP: high (≥130/85 mmHg) or normal (<130/85 mmHg)
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the inclusion of ABSIz amended the prediction of MetS 
compared to BMIz alone in obese Caucasian children and 
adolescents.[33] Also, TMI is a new anthropometric index 
for predicting body fat percentage and MetS, which is 
suggested to have similar or better performance than 
BMI.[44,45] In line with previous studies, the results of this 

study showed that both BMI and TMI increased the risk 
of MetS, but the TMI’s ability to predict risk was greater.

In the present study, WTI and TyG‑WHtR indices 
presented the highest Odds ratios for MetS.

Yang et al. indicated that the waist circumference (WT) 
index, calculated as WC  (cm)×TG  (mmol/L), was 
associated with the coronary heart disease score and, 
therefore, considered the WT index a strong predictor 
of coronary heart disease.[46] Furthermore, the WT 
index showed an effective indicator for the screening 
of MetS in people with type  2 diabetes.[47] Recently, 
Liu et al. developed another form of WT index termed 
WTI (calculated as Ln [TG (mg/dL) WC (cm)/2]), which 
represented a strong ability to identify MetS.[24] In a study 
by Endukuru et  al., compared to other novel indices, 
WTI had the highest predictive ability to detect low 
HDL‑C, elevated BP, and high TG in women. Moreover, 
the participants in the fourth quartile of WTI displayed 
the highest odds ratios for low HDL‑C and high TG.[48] 
Other studies also found that WTI has a high predictive 
capacity to discriminate MetS.[49,50]

Recently, the METS‑IR has been developed by 
Bello‑Chavolla OY et al. to evaluate insulin sensitivity 
validated against the euglycemic–hyperinsulinemic 
clamp. It was correlated to ectopic fat accumulation and 
it could predict incident T2D.[51] It has been reported that 
METS‑IR is strongly associated with hypertension in the 
normal‑weight population.[52] In the present study also 
METS‑IR significantly predicted the risk of MetS in all 
participants before and after the adjustment.

In this study, a combination of the TyG index and 
WHtR  (TyG‑WHtR index) was better than the TyG 
index alone, with a higher odds ratio in predicting MetS. 
TyG index, a product of triglyceride and fasting plasma 
glucose, is a novel index that can distinguish people with 
MetS. Similar to our findings, in a cross‑sectional study, 
the TyG index effectively identified MetS, and the product 
of the TyG index and anthropometric indices improved 
the identification and prediction of MetS. Before and 
after adjustment, TyG‑WHtR presented the highest OR 
in all participants.[53] A study with data obtained from 
the Korean National Health and Nutrition Examination 
Survey from 2007–2010 showed integration of the TyG 
index and anthropometric indices predicted insulin 
resistance (the underlying disorder in MetS) better than 
TyG alone. They found that TyG‑BMI, a combination of 
the TyG index and BMI, implemented better than the 
other indices with a higher Odds ratio.[54] Some studies 
have assessed combined TyG index and obesity indices 
for insulin resistance or diabetes, such as TyG‑WC or 
TyG‑BMI, and detected that combined parameters are 
more efficient than the TyG index alone.[55,56] Elevated 

Table 2: Comparison between the qualitative risk 
factors of MetS in two groups of men and women 
according to the IDF criteria
Variables Female (n=115) Male (n=635) P*
Central obesity

Yes (n) (%)
No (n) (%)

32 (27.8)
83 (72.2)

244 (38.4)
391 (61.6)

0.03

Total 115 (100) 635 (100)
FBS

High (n) (%) 33 (28.7) 196 (30.9) 0.64
Normal (n) (%) 82 (71.3) 439 (69.1)
Total 115 (100) 635 (100)

TG (n) (%)
High (n) (%) 21 (18.3) 261 (41.4) <0.001
Normal (n) (%) 94 (81.7) 374 (58.9)
Total 115 (100) 635 (100)

HDL‑c <0.001
Low (n) (%)  75 (65.2) 218 (34.3)
Normal (n) (%)  40 (34.8) 417 (65.7)
Total 115 (100) 635 (100)
SBP/DBP (mmHg) 0.02
High (n) (%) 5 (4.3) 72 (11.3)
Normal (n) (%) 110 (95.7) 563 (88.7)
Total 115 (100) 635 (100)

Table 3: Odds ratios  (95% CI) for MetS according to 
traditional anthropometric indices
Variables Or (CI) B *P
Weight

Model 1a 1.09 (1.07–1.12) 0.09 <0.001
Model 2b 1.10 (1.08–1.13) 0.10 <0.001
Model 3c 1.10 (1.07–1.12) 0.09 <0.001

BMI 
Model 1a 1.42 (1.32–1.52) 0.35 <0.001
Model 2b 1.42 (1.32–1.53) 0.35 <0.001
Model 3c 1.40 (1.30–1.51) 0.33 <0.001

WC 
Model 1a 1.20 (1.16–1.24) 0.18 <0.001
Model 2b 1.20 (1.16–1.24) 0.18 <0.001
Model 3c 1.19 (1.15–1.23) 0.17 <0.001

HC 
Model 1a 1.19 (1.15–1.23) 0.17 <0.001
Model 2b 1.19 (1.15–1.23) 0.17 <0.001
Model 3c 1.18 (1.15–1.23) 0.17 <0.001

WHR 
Model 1a 1.16 (1.05–1.27) 0.14 0.002
Model 2b 1.15 (1.04–1.27) 0.14 0.004
Model 3c 1.12 (1.005–1.24) 0.11 0.04

*P<0.05 statistically significant by Multivariable logistic regression. a. model 1: 
unadjusted. b. model 2: adjusted for age and gender. c. model 3: adjustment 
for age, gender, education, marital status, and medications
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TG may be associated with the raised transport of free 
fatty acids to the liver, causing an increment in hepatic 
glucose output. Hence, the TyG index, a TG and glucose 
product, can predict insulin resistance better than other 
indicators.[54,57] The superiority of obesity indices remains 
controversial. The inconsistency in the literature might be 
due to differences in the anthropometric indices selected 
for analysis, gender, ethnic and racial, underlying 
disease, age of participants, and different confounder 
variables.

Limitation and recommendation
Our study has several limitations. First, the present study 
has a cross‑sectional design and cannot reflect causality. 
Hence, studies with prospective designs are required 
to confirm these relationships over longer periods. In 
addition, due to differences in standards criteria (WHO, 
IDF, ATP III, and AHA/NHLBI) used to definition 
of MetS and inconsistencies in the cut‑off values, 
our findings are not generalizable. The lack of data 
pertaining to the lifestyle of the participants was another 
limitation of the present study. However, despite the 
aforementioned limitations, there were several strengths 
that merit acknowledgment. Indeed, assessment of 
both conventional and novel anthropometric indices, 
the inclusion of both sexes in the study, and use of 
multivariable logistic regression in three different models 
provided a robust platform to interrogate the incumbent 
data. Studies with prospective designs are required to 
confirm these findings.

Conclusions

In the present study, except for ABSI, all obesity indices 
had the capacity to predict MetS. WTI and TyG‑WHtR 
indices presented the highest Odds ratios for MetS. Due 
to the simplicity of these indices, cost‑effectiveness, and 
facility at small‑scale labs and being predictive of MetS 

Table 4: Odds ratios  (95% CI) for MetS according to 
novel anthropometric indices
Variables Or (CI) B *P
WHtR

Model 1a 1.29 (1.23–1.36) 0.25 <0.001
Model 2b 1.31 (1.24–1.38) 0.27 <0.001
Model 3c 1.29 (1.23–1.37) 0.26 <0.001

WWI
Model 1a 2.30 (1.78–2.96) 0.83 <0.001
Model 2b 2.48 (1.90–3.25) 0.91 <0.001
Model 3c 2.45 (1.84–3.26) 0.89 <0.001

ABSI
Model 1a 1.23 (0.91–1.67) 0.21 0.16
Model 2b 1.26 (0.92–1.71) 0.23 0.13
Model 3c 1.34 (0.96–1.87) 0.29 0.08

AVI
Model 1a 1.57 (1.45–1.71) 0.45 <0.001
Model 2b 1.58 (1.45–1.71) 0.45 <0.001
Model 3c 1.56 (1.43–1.70) 0.44 <0.001

BAI
Model 1a 1.27 (1.21–1.33) 0.24 <0.001
Model 2b 1.32 (1.25–1.40) 0.28 <0.001
Model 3c 1.31 (1.23–1.38) 0.27 <0.001

CI
Model 1a 1.09 (1.06–1.11) 0.08 <0.001
Model 2b 1.09 (1.06–1.11) 0.08 <0.001
Model 3c 1.09 (1.06–1.11) 0.08 <0.001

LAP
Model 1a 1.06 (1.05–1.07) 0.06 <0.001
Model 2b 1.06 (1.05–1.07) 0.06 <0.001
Model 3c 1.06 (1.05–1.07) 0.06 <0.001

BRI
Model 1a 1.67 (1.52–1.85) 0.51 <0.001
Model 2b 1.72 (1.55–1.90) 0.54 <0.001
Model 3c 1.68 (1.51–1.88) 0.52 <0.001

WTI
Model 1a 29.65 (16.51–53.24) 3.38 <0.001
Model 2b 34.46 (18.60–63.85) 3.54 <0.001
Model 3c 29.50 (15.53–56.03) 3.38 <0.001

TMI
Model 1a 1.56 (1.41–1.73) 0.44 <0.001
Model 2b 1.65 (1.47–1.84) 0.50 <0.001
Model 3c 1.65 (1.48–1.85) 0.50 <0.001

*P<0.05 statistically significant by Multivariable logistic regression. 
a. model 1: unadjusted. b. model 2: adjusted for age and gender. c. 
model 3: adjustment for age, gender, education, marital status, and 
medications

Table 5: Odds ratios  (95% CI) for MetS according to 
TyG index, modified TyG indices, and METS‑IR
Variables Or (CI) B *P
TyG index

Model 1a 27.18 (15.23–48.52) 3.30 <0.001
Model 2b 30.38 (16.61–55.55) 3.41 <0.001
Model 3c 26.10 (13.95–48.82) 3.26 <0.001

TyG‑BMI
Model 1a 1.05 (1.04–1.06) 0.05 <0.001
Model 2b 1.05 (1.04–1.06) 0.05 <0.001
Model 3c 1.05 (1.04–1.06) 0.05 <0.001

TyG‑WC
Model 1a 1.02 (1.02–1.03) 0.02 <0.001
Model 2b 1.03 (1.02–1.03) 0.03 <0.001
Model 3c 1.03 (1.02–1.03) 0.02 <0.001

TyG‑WHR
Model 1a 26.67 (14.88–48.04) 3.28 <0.001
Model 2b 29.38 (15.94–54.15) 3.38 <0.001
Model 3c 25.07 (13.30–47.24) 3.22 <0.001

TyG‑WHtR
Model 1a 79.41 (37.59–167.75) 4.37 <0.001
Model 2b 86.32 (40.25–185.12) 4.45 <0.001
Model 3c 70.07 (32.42–151.43) 4.25 <0.001
METS‑IR
Model 1a 1.35 (1.28–1.42) 0.30 <0.001
Model 2b 1.35 (1.28–1.42) 0.30 <0.001
Model 3c 1.32 (1.26–1.40) 0.28 <0.001

*P<0.05 statistically significant by Multivariable logistic regression. a. model 1: 
unadjusted. b. model 2: adjusted for age and gender. c. model 3: adjustment 
for age, gender, education, marital status, and medications
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risk it is suggested to include these markers in clinical 
practice.
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