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Abstract 
Introduction: The risk of atherosclerosis and other cardiovascular diseases is heightened by affliction with Metabolic 
Syndrome (MetS), a conglomeration of conditions which consist of diabetes mellitus, dyslipidemia and hypertension, in 
the presence of overweight or obesity. Conventional method of screening those who appear to be healthy but are in a 
relatively high risk of MetS are through the instrument of BMI or Waist circumference, which are no longer effective. 
Thus, this study sought to evaluate other novel instruments with strongest diagnostic accuracy for MetS in a sample of 
apparently healthy adolescent secondary school students. 

Materials and Methods: This cross-sectional, prospective study was conducted in which sociodemographic, 
anthropometric and biochemical data were collected from 624 boys and girls, aged 10-19 years, at various secondary 
schools in Lagos Nigeria. Simple random sampling, probability proportion to size and systematic sampling technique 
were used to recruit the subjects. A body shape index (ABSI), Waist-to-height ratio (WHtR), body roundness index 
(BRI), weight-adjusted-waist index (WWI) and abdominal volume index (AVI) were evaluated. Correlation between 
anthropometric indices and MetS was clarified using partial correlation analysis. The association between anthropometric 
indices and Mets and its components was assessed using binary logistic regression analysis. To identify the predictive 
ability of anthropometric indices for MetS and its components, the study applied the Receiver-operating characteristic 
(ROC) curve, comparing the area under curve (AUC) difference between WHtR and each new anthropometric index in 
pairs. The subjects were segregated by sex (boys and girls) and by Body Mass Index-for-age (lean and overweight/
obese). 

Result: The overall prevalence of hypertension was higher in boys (7.1%) than girls (2.6%), especially in O/O 
boys (20.0%) compared to girls (11.4%). The overall prevalence of dysglycemia was higher in girls (12.5%) than 
in boys (7.1%). The median low-density lipoprotein cholesterol (LDL-c) was significantly higher in girls (295.4 mg/
dL; P-value=0.002). The means (±sd) of SBP and DBP were 108.3 (12.4) and 66.2 (9.5). The overall median values 
(in mg/dL) of other components of MetS were FPG=87.5, TG=199.4; T-Chol=180.8, and HDL=55.9. Only WHtR had 
significant correlations with 4 components of MetS – SHT, dFPG, hypertriglyceridemia and low HDL-c and BRI with one 
– low HDL-c. In general, BRI has the highest diagnostic accuracy in identifying MetS among all the adolescent study 
population (AUC=0.611), especially in lean subjects (AUC=0.550), whereas ABSI had the highest diagnostic accuracy 
in O/O subjects (AUC=0.739). In all and lean subjects, the diagnostic ability of AVI, ABSI and WWI for MetS were the 
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weakest, while that of BRI, WHtR and AVI were the weakest in obese subjects.

Conclusion: This study therefore shows BRI has the highest diagnostic accuracy and particularly the most effective tool 
in identifying MetS in adolescents while ABSI has the highest diagnostic accuracy and particularly the most effective tool 
in identifying MetS among overweight/obese subjects. AVI was the optimal anthropometric index for the identification 
of hypertension, hypertriglyceridemia and high LDL-c. WHtR and ABSI can also be considered as discriminators but in 
different categories of adolescents.

Keywords: Anthropometry, Black Africans, Cardiovascular Disease, Indigenous, Metabolic syndrome, Lipid

Introduction
That metabolic syndrome (MetS) is a collection of disorders that collectively increases the threat of atherosclerotic disease 
and other cardiovascular accidents is now well known and has been a major health burden in developed and now in 
developing countries [1,2]. In humans, MetS has been classically defined as clustering of at least three of the following 
five co-morbid conditions: abdominal obesity, high blood pressure, high blood sugar, high serum triglycerides, and low 
serum high-density lipoprotein (HDL) linked with the risk of developing cardiovascular disease and type 2 diabetes [3-6]. 
Body Mass Index, typically defined as weight (kg) of an individual divided by the square of the individual’s height (cm) 
Wt/ht2 has been the traditional index of classifying an adult individual into underweight, normal, overweight or obese. 
Because growth process is still on-going, BMI-for-age is generally used for the same purpose in adolescents. However, a 
major drawback of the use of BMI either in adults or in adolescents is the fact that it measures excess weight rather than 
excess fat [7]. Li and McDermott reported that BMI was the poorest predictor while waist-hip ratio was the best among 
the four measures – BMI, waist circumference (WC), waist-to-hip ratio (WHpR) and waist-to-height ratio (WHtR) [7]. 
Shrestha et al documented that BMI is inferior to WHt ratio and WC as a metric for obesity detection and hypertension 
prediction and Liu et al concluded that BMI overestimated body fat while WC overestimated trunk fat in a comparative 
study between African Americans and European Americans [8,9]. On its own, obesity, a major component of MetS, has 
long been strongly associated with a plethora of complications such as cardiovascular diseases (CVD) including coronary 
artery disease (CAD) and malignancy being the most common causes of death [10-13]. Other documented morbidity and 
mortality risks of obesity included but are not limited to high blood pressure, type 2 diabetes (T2DM), high cholesterol, 
breathing problems, sleep apnoea, gall bladder disease, gout, osteoarthritis and many additional circumstances, including 
all-cause mortality within a specific time-frame and population, mostly in industrialized countries but now in developing 
countries [14,21]. To bridge this gap, attempts to produce novel anthropometric indices for the evaluation of metabolic 
syndrome (MetS) have intensified. For this reason, waist-to-height ratio (WHtR), determined as waist circumference 
divided by height, has lately gained consideration as an anthropometric index for determining central adiposity, being 
more sensitive than BMI in predicting metabolic health risks, and in being affordable and more amenable [22,23]. One 
study claims that neither BMI nor abdominal circumference, as anthropometric measures routinely used to evaluate 
MetS, is able to recognize accumulation of visceral adipose tissue from subcutaneous adipose tissue [24,25]. Studies 
have shown concordance between WC and WHtR in the United States children and adolescents aged 8-18 years and 
WHtR has demonstrated concordance with percent body fat among Spanish adolescents, showing reliable outcome than 
WC and BMI in forecasting percent body fat [26-28]. Recently, however, there has been even more interest in novel 
anthropometric indices of body geometry such as Body Roundness Index (BRI), Weight-adjusted Waist Index (WWI), 
A Body Shape Index (ABSI) and Abdominal Volume Index (AVI), which are regarded as good predictors of visceral fat 
[29-31]. Studies have shown that BRI is best in distinguishing metabolic components of MetS and arteriosclerosis of 
overweight/obese adults; that ABSI is linked with visceral fat, carotid atherosclerosis [35] and obesity-related mortality 
risk unrelated to BMI and WC; that WWI, proposed by Park et al [36, 37] is an exceptional indicator of obesity, having 
an exceptional analytical power for cardiometabolic disease, CVD and all-cause mortality risk; and that AVI indirectly 
displays visceral fat content by assessing the entire abdominal volume, intimately  interrelated with impaired glucose 
tolerance (IGT) and diabetes mellitus (DM), with an excellent diagnostic capacity for MetS [37-39]. Although BRI, ABSI, 
WWI and AVI seemingly possess compelling aptitude to recognize MetS and its components from the perspective of 
body shape, data is scarce on whether they are superior to the conventional anthropometric indicators such as WHtR. 
Data is even scarcer on whether these novel anthropometric indices have been applied to adolescents in general and 
indigenous sub-Sahara Black African adolescents in particular. The objective of this current study was therefore to 
compare the traditional WHtR and the other four novel anthropometric indices for identifying MetS and its components 
among lean and overweight/obese Nigerian adolescents. 

Materials and Methods
This segment of the study had previously been reported in an earlier publication [40]. Briefly though, the study was 
conducted in Lagos, Nigeria, a city-state with modern social amenities and acceptable infrastructures such as highways, 
international airport, good housing facilities, security and museums for tourist attractions. It is the most populated 
metropolitan in Nigeria and one of such in entire Africa. The target population was students in selected government-
approved secondary schools in Lagos State. In this study, 650 adolescents, aged 10-19 years (according to the World 
Health Organization (WHO) definition of adolescence), who were attending various secondary schools in Lagos were 
recruited between October 2019 and March 2020 [41]. Study participants were from 3 Senatorial Districts – Lagos East, 
Lagos West and Lagos Central – with 5, 10 and 5 Local Government Areas, respectively. Participants were recruited 
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using simple random sampling, probability proportional to size and systematic sampling technique. All study participants 
were indigenous Black Africans from Nigerian ethnicity living in the southwest corner of the country. To be included 
in the study, a participant must fulfil the following criteria: (i) age must be between 10 and 19 years (ii) must be a 
registered and regular student in the selected government-approved secondary school and (iii), must be an indigenous 
Nigerian resident in the community of study for a minimum of 5 years. To be excluded from the study a prospective 
participant must fulfill these criteria: (i) on therapeutic diet or drugs (ii) admissions to a health facility in previous 6 
months (iii) pregnant (iv) suspected to be pregnant (v) breastfeeding (vi using oral contraceptive (vi) known diabetic 
(vii) has a history of vascular/liver/renal or other chronic illness (viii) taking lipid-lowering medications. Finally, of the 650 
recruited, 624 (96.0%), 241 (38.6%) boys and 484 (61.4%) girls, fulfilled the inclusion/exclusion criteria and completed 
clinical examinations, biochemical investigations and a standard questionnaire that contained participant’s demographic 
and anthropometric variables such as age, body height and weight, waist circumference, diet, exercise, and sleep 
pattern among others. All study subjects were requested to fast overnight after which anthropometric measurements 
were recorded, blood pressure was taken, and a venous blood sample was collected from the left ante-cubital fossa 
of each study participant. The study was approved by the Institutional Review Board of the Nigerian Institute of 
Medical Research (NIMR IRB (IRB/18/062) on 4th February 2019. The purpose of the study was clearly explained to 
each participating student. Each student was given a chance to ask questions for better understanding of the study. 
Thereafter, students who, in the presence of their teachers, gave verbal assent to participate in the study, were then 
given consent forms for their parents to also read, understand and sign or thumbprint. 

Anthropometric Measurements
Field workers were trained to take measurements including body weight and height (to the nearest 0.1 kg, with light 
clothing and no shoes and nearest millimeter) using electronic scale (FBS machine Model HBF-514C and DP scale HN-
283) and a portable stature meter (SURGILAC). Cloth tape was used to measure waist circumference after exhalation (to 
the nearest millimeter) midway between the lowest rib and the iliac crest. Hip circumference was measured at maximum 
extension of each greater trochanter of the hip bones. To get WHtR, WC (cm) was divided by height (cm); to obtain 
BMI, weight (kg) was divided by the square of height (ht2). The other anthropometric criterion variables were calculated 
according to the following formulae as described by various authors [37,38,42,43]
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1000

𝑊𝑊𝐼 =
𝑊𝐶

𝑤𝑒𝑖𝑔ℎ𝑡

Where BRI stands for Body Roundness Index, AVI for Abdominal Volume Index, ABSI for A Body Shape Index and WWI 
for Weight adjusted Waist Index.

AnthroPlus V1.0.4 (WHO, Geneva, Switzerland) was used to calculate BMI-for-age and height-for-age percentiles for 
boys and girls separately [44]. 

Clinical and Biochemical Investigations
The processes of clinical and biochemical assessment had also been reported in an earlier publication [40]. In brief, 
after resting for 30 min, the study participants systolic and diastolic blood pressures were checked from the left upper 
arm, using automatic sphygmomanometer {Medical Instrument WUXI, Ltd, EN-BL-8030 [China]} and the average of 
three readings was taken and recorded for statistical analysis. After overnight fasting, 5 ml of venous blood was 
taken, processed, separated into appropriate tubes for the analyses of fasting plasma glucose (FPG), total cholesterol, 
triglyceride, high-density lipoprotein-cholesterol (HDL-C) and low-density lipoprotein-cholesterol (LDL-C). Randox 
Glucose-PAP (Randox Laboratories, UK) reagent was used for analyzing FPG and lipid profile, using a photo spectrometric 
analyzer (BioSystems EN ISO 13485 and EN ISO 9001 standards (Barcelona, Spain). 

Definition of Metabolic Syndrome and its Components: 
The definition and prevalence of MetS among the study participants as well as the normal, borderline, and high cutoff 
points of various components of MetS have also been reported in a previous publication [40]. Dyslipidemia was defined 
as a combination of TC ≥ 200 mg/dL, LDL-C ≥ 130 mg/dL, TG ≥ 130 mg/dL, or HDLC < 40 mg/dL [45]. This study used 
the National Heart, Lung and Blood Institute (NHLBI) criteria specifically for children and adolescents to distinguish MetS 
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among participants aged 10–19 years [46] which necessitates three or more of the following indicators: (i) BMI for-age 
of ≥95th percentile; fasting plasma levels of (ii) TG ≥ 130 mg/dL; (iii) HDL-cholesterol < 40 mg/dL; (iv) LDL-cholesterol 
≥ 130 mg/dL; (v) TC ≥ 200 mg/dL; (vi) glucose ≥ 100mg/dL; and (vi) pre-hypertension as systolic/diastolic BP (SBP/
DBP) 120–129/ <80 mmHg, stage 1 hypertension, BP 130–139/80–89, and stage 2 ≥140/90 mmHg [47]. 

Statistical Analysis
SPSS 23.0 (IBM) was used for statistical analysis and NCSS 22 for ROC curve comparison. The study used mean 
(±sd) for continuous variables and frequencies and percentage for categorical variables. The study subjects were 
characterized into lean and overweight/obese and by gender of individuals. The study used partial correlation to 
assess the relationship between anthropometric indices and metabolic variables – systolic and diastolic blood pressures 
(SBP, DBP), fasting plasma glucose (FPG), triglyceride (TG) high-density lipoprotein cholesterol HDL-c and low-density 
lipoprotein cholesterol LDL-c. The study also evaluated the strength of the link between the anthropometric indices 
and MetS as well as its components by using binary logistic regression inquiry. In partial correlation and binary logistic 
regression analysis, z-scores of anthropometric indices were used while age was adjusted for all subjects, and both 
age and sex were adjusted for in lean and overweight/obese individuals. Receiver Operating Characteristics (ROC) and 
Area Under the Curve (AUC) were utilized to evaluate the capacity of WHtR, BRI, ABSI, WWI and AVI in distinguishing 
MetS and its components. Further, the study employed Hanley and McNeil’s method [48] as described by Wu et al 
to assess AUC differences in MetS among BRI, WWI, AVI, ABSI and WHtR [48,49]. The optimal cut-off values of the 
anthropometric indices for distinguishing MetS and its components were verified. A p-value < 0.05 was considered as 
statistically significant. Confidence interval (CI) in this study refers to a range of values for specific variables constructed 
so that this range has a specified probability of including the true value of that variable. The results of analyses were 
presented as tables and figures.

Results
The Demographic, Anthropometric and Clinical Statistics of the Study Population
In all, 624 indigenous sub-Sahara Black Africans of Nigerian descent (241 boys and 383 girls) participated in the study. 
The overall prevalence of MetS among the study subjects was 8.3%, (14.1% among boys and just 4.7% among girls) 
and that of hypertension, dysglycemia hypertriglyceridemia, low HDL-c and high LDL-c were 4.3%, 11.5%, 42.3%, 
24.7% and 92.5%, respectively. Physical measurement indicators such as WHtR, AVI, ABSI and BRI were significantly 
higher in boys but height-for-age Z-score (HAZ), BMI-for-age and BRI were notably higher among girls. While HAZ, 
BMI-for age, median AVI and LDL-c were significantly higher among lean girls than boys, no such significant difference 
was observed among O/O boys and girls. Further, O/O boys were 3.8 times more likely to be hypertensive than lean 
boys (χ²=2.25, P-value=0.13, OR=3.79, 95% CI=0.96, 15.00); O/O girls were 7.4 times more likely to be hypertensive 
than lean girls (χ²=8.27, P-value=0.004, OR=7.35, 95% CI=1.97, 27.46); O/O boys were 1.4 times more likely to be 
dysglycemic than lean boys (χ²=0.00, P-value=1.00, OR=1.43, 95% CI=0.30, 6.74) and O/O girls were approximately 
1.2 times more likely to be dysglycemic than lean girls (χ²=0.004, P-value=0.95, OR=1.18, 95% CI=0.44, 3.21). Lean 
boys were 1.2 times more likely to have high TG (χ²=0.10, P-value=0.75, OR=1.19, 95% CI=0.41, 3.46) than O/O 
boys but O/O girls were 1.2 times more likely to have high TG (χ²=0.32, P-value=0.57, OR=1.22, 95% CI=0.61, 2.46) 
compared to lean girls; Lean boys were 1.1 times more likely to have low HDL-c (χ²=0.00, P-value=1.00, OR=1.06, 
95% CI=0.33, 3.46) than O/O boys but O/O girls were 1.2 times more likely to have low HDL-c (χ²=0.20, P-value=0.66, 
OR=1.20, 95% CI=0.54, 2.66) compared to lean girls; lastly, O/O boys were 4.7 times more likely to have high LDL-c 
(χ²=8.81, P-value=0.003, OR=4.71, 95% CI=1.56, 14.25) than lean boys while O/O girls were 7.7 times more likely to 
have high LDL-c (χ²=20.08, P-value<0.000007, OR=7.66, 95% CI=2.75, 21.31) than lean girls (Table 1).
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Table 1 Characteristics of all the study participants according to gender of lean and overweight/obese adolescents

Variables Total (n=624) Boys
(n=241)

Girls
(n=383)

t-test
(P-value)

Total Lean
(n=574)

Lean Boys
(n=226)

Lean Girls
(n=348)

t-test
(P-value)

Total O/O
(n=50)

O/O Boys
(n=15)

O/O Girls
(n=35)

t-test
(P-value)

Age (yrs) 14.7 (2.1) 14.8 (2.2) 14.7 (2.1) 0.56 (0.57) 14.8 (2.1)* 14.9 (2.2) 14.8 (2.0) 0.55 (0.58) 13.5 (2.2)* 13.2 (2.4) 13.6 (2.2) -0.55 (0.58)
Type of
school

Private (n, %) 132 (21.2) 63 (26.1) 69 (18.0)
-

122 (21.2) 60 (26.5) 62 (17.8)
-

10 (20.0) 3 (20.0) 7 (20.0)
Public (n, %) 492 (78.8) 178 (73.9) 314 (82.0) 452 (78.8) 166 (73.5) 286 (82.2) 40 (80.0) 12 (80.0) 28 (80.0)

Height (cm) 157.0 (10.6) 157.7 (13.0) 156.5 (8.8) 1.26 (0.21) 156.9 (10.7) 157.7 (13.0) 156.4 (8.9) 1.32 (0.19) 157.5 (10.1) 157.8 (13.0) 157.4 (8.9) 0.11 (0.91)
Weight (kg) 47.4 (11.6) 46.5 (12.5) 48.0 (11.0) -1.54 (0.13) 45.8 (10.1) 45.5 (11.5) 46.1 (9.1) -0.66 (0.51) 65.6 (12.2) 61.8 (15.8) 67.3 (10.2) -1.24 (0.23)
WC (cm) 65.4 (6.6) 65.0 (6.6) 65.7 (6.6) -1.29 (0.20) 64.5 (5.4) 64.4 (5.6) 64.6 (5.3) -0.43 (0.67) 76.1 (9.6) 74.5 (11.5) 76.8 (8.7) -0.69 (0.50)
WHtR 0.42 (0.04) 0.41 (0.04) 0.42 (0.04) -3.04 (0.002) 0.41 (0.03) 0.41 (0.03) 0.41 (0.03) 0.00 (1.00) 0.49 (0.06) 0.48 (0.07) 0.49 (0.05) -0.50 (0.62)
HAZ -0.60 (1.67) -0.90 (1.91) -0.42 (1.48) -3.32 (0.001) -0.68 (1.61) -0.96 (1.84) -0.51 (1.42) -3.12 (0.002) 0.29 (2.06) -0.02 (2.68) 0.43 (1.76) -0.60 (0.56)
BMI-for-age -0.48 (1.32) -0.70 (1.35) -0.35 (1.28) -3.22 (0.001) -0.69 (1.13) -0.87 (1.18) -0.58 (1.07) -2.98 (0.003) 1.95 (0.72) 1.95 (0.57) 1.95 (0.78) 0.00 (1.00)
AVI (median) 2863.4 1968.3 3389.4 <0.0001 2686.8 1964.3! 3240.4 !! <0.0001 4327.9 3607.5! 4993.1 !! 0.04
ABSI (median) 0.074 0.075 0.073 <0.0001 0.07 0.075 ^ 0.073^^ 0.0001 0.069 0.069 ^ 0.069^^ 0.65
WWI (median) 1.39 1.40 1.38 0.10 1.40 1.41# 1.40## 0.34 1.18 1.29# 1.16## 0.08
BRI (median) 1.84 1.78 1.90 0.01 1.80 1.77α 1.84αα 0.06 2.94 2.62α 3.05αα 0.22
SBP (mm Hg) 108.3 (12.4) 107.9 (11.5) 108.6 (13.0) -0.70 (0.48) 108.4 (12.4) 108.4 (11.2) 108.4 (13.2) 0.00 (1.00) 107.5 (12.2) 101.2 (13.5) 110.2 (10.7) -2.29 (0.03)
DBP (mm Hg) 66.2 (9.5) 66.9 (9.5) 65.8 (9.6) 1.40 (0.16) 66.4 (9.6) 67.2 (9.5) 65.8 (9.7) 1.71 (0.1) 64.7 (8.3) 62.1 (8.7) 65.8 (8.1) -1.41 (0.17)
FPG (mg/dL) (median) 87.5 85.7 89.7 0.17 87.8 85.5 89.8 0.12 82.6 87.2 82.2 0.82
TG (mg/dL) (median) 199.4 204.7 198.0 0.49 198.9 205.5 196.2 0.24 221.2 187.2 230.2 0.14
T-Chol (mg/dL) (median) 180.8 187.1 179.5 0.40 180.2 187.5 177.9 0.40 189.3 171.0 192.1 0.87
HDL-c (mg/dL) (median) 55.9 54.2 56.5 0.56 55.8 54.4 56.2 0.75 57.4 49.1 58.5 0.28
LDL-c (mg/dL) (median) 289.6 271.5 295.4 0.002 284.3 272.3 293.8 0.009 303.8 207.1 309.5 0.09
Systolic hypertensive (n, %) 27 (4.3) 17 (7.1) 10 (2.6)

-

20 (3.5) 14 (6.2) 6 (1.7)

-

7 (14.0) 3 (20.0) 4 (11.4)

-

Diastolic hypertension (n, %) 47 (7.5) 20 (8.3) 27 (7.0) 37 (6.4) 15 (6.6) 22 (6.3) 10 (20.0) 5 (33.3) 5 (14.3)
Sys/Dia hypertension (n, %) 15 (2.4) 9 (1.4) 6 (1.6) 9 (1.6) 6 (2.7) 3 (0.9) 6 (12.0) 3 (20.0) 3 (8.6)
Dysglycemia (n, %) 72 (11.5) 24 (10.0) 48 (12.5) 65 (11.3) 22 (9.7) 43 (12.4) 7 (14.0) 2 (13.3) 5 (14.3)
High TG level (n %) 264 (42.3) 106 (44.0) 158 (41.2) 242 (42.2) 100 (44.2) 142 (40.8) 22 (44.0) 6 (40.0) 16 (45.7)
Low HDL-c level (n, %) 154 (24.7) 67 (27.8) 87 (22.7) 141 (24.6) 63 (27.9) 78 (22.4) 13 (26.0) 4 (26.7) 9 (25.7)
High LDL-c level (n, %) 577 (92.5) 219 (90.9) 358 (93.5) 529 (92.2) 206 (91.1) 323 (92.8) 48 (96.0) 13 (86.7) 35 (100.0)
MetS (n, %) 52 (8.3) 34 (14.1) 18 (4.7) 39 (6.8) 28 (12.4) 11 (3.2) 13 (26.0) 6 (40.0) 7 (20.0)

Table 1: Characteristics of all the Study Participants According to Gender of Lean and Overweight/Obese 
Adolescents

O/O means Overweight and obese, p value means the differences between groups according to gender among non-
overweight/obese adults, WC waist circumference, WtHR waist-to-height ratio, BMI body mass index, AVI abdominal 
volume index, ABSI a body shape index, WWI weight adjusted waist index, BRI body roundness index, SBP systolic 
blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, TC total cholesterol, TG triglyceride, HDL-C 
HDL cholesterol, LDL-C LDL cholesterol, MetS metabolic syndrome. *t-test=4.02, p-value=0. 0002; Mann-Whitney 
U-test=2.47, p-value=0.01;!! Mann-Whitney U-test=4.04, p-value<0.001; ̂  Mann-Whitney U-test=-2.43, p-value<0.05; 
^^ Mann-Whitney U-test=-5.164, p-value<0.00001; # Mann-Whitney U-test=-2.59, p-value<0.01; ## Mann-Whitney 
U-test=-7.48, p-value<0.00001; α Mann-Whitney U-test=4.22, p-value<0.0001; α α Mann-Whitney U-test=7.60, 
p-value<0.00001;

Partial Correlation between Different Anthropometric Indices and Metabolic Variables
After adjusting for age and gender as appropriate, a few anthropometric indices were correlated with metabolic variables. 
In all subjects, significant correlations were observed between WHtR and both SBP (coeff: 0.155; P-value<0.0001) and DBP 
(coeff: 0.144, P-value<0.0003) and a marginally significant negative correlation with HDL-c (coeff: -0.077P-value=0.05), 
reflected especially in girls and lean subjects. A significant positive correlation was also observed between WHtR and 
TG (coeff: 0.129, P-value=0.015) and between WHtR and FPG (coeff: 0.388, P-value=0.03) among lean and among 
O/O girls, respectively. Statistically significant negative correlation was noted between BRI and SBP (coeff: -0.454, 
P-value=0.01) and a positive one with HDL-c (coeff:0.455, P-value-0.01) in overweight/obese girls. The only significant 
correlation that ABSI had was with HDL-c in all O/O subjects (coeff:0.404, P-value=0.004), pronounced only among 
O/O girls (coeff: 0.536, P-value=0.002). A significant but negative correlation was noted between WWI and SBP (coeff: 
-0.305, P-value=0.03) mainly among girls (coeff: -0.481; P-value=0.007), and HDL-c (coeff: 0.470; P-value=0.001) 
also among girls (coeff: 0.672, P-value=0.00005). In all, AVI had a significant negative correlation with HDL-c (Coeff: 
--0.091, P-value=0.02), which was reflected in girls (coeff: -0.123, P-value=0.02), especially those who were lean 
(coeff: -0.119; P-value=0.03) (Table 2).
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O/O means Overweight and obese, p value means the differences between groups according to gender among non-overweight/obese adults, WC waist circumference, WtHR waist-
to-height ratio, BMI body mass index, AVI abdominal volume index, ABSI a body shape index, WWI weight adjusted waist index, BRI body roundness index, SBP systolic blood
pressure, DBP diastolic blood pressure, FBG fasting blood glucose, TC total cholesterol, TG triglyceride, HDL-C HDL cholesterol, LDL-C LDL cholesterol, MetS metabolic
syndrome. *t-test=4.02, p-value=0.0002; !Mann-Whitney U-test=2.47, p-value=0.01; !! Mann-Whitney U-test=4.04, p-value<0.001; ^ Mann-Whitney U-test=-2.43, p-value<0.05;
^^ Mann-Whitney U-test=-5.164, p-value<0.00001; # Mann-Whitney U-test=-2.59, p-value<0.01; ## Mann-Whitney U-test=-7.48, p-value<0.00001; α Mann-Whitney U-
test=4.22, p-value<0.0001; α α Mann-Whitney U-test=7.60, p-value<0.00001;

Table 2. Partial correlation between anthropometric indices and metabolic variables

Subjects Metabolic
variables

WHtR BRI ABSI WWI AVI
Coef. P-value Coef. P-value Coef. P-value Coef. P-value Coef. P-value

All subjects

SBP 0.155 <0.0001 0.061 0.13 -0.024 0.55 -0.041 0.30 0.067 1.00
DBP 0.144 <0.0003 0.026 0.52 -0.006 0.89 -0.015 0.57 0.03 0.42
FPG -0.031 0.43 -0.010 0.80 -0.015 0.71 -0.015 0.71 -0.046 0.25
TG 0.048 0.23 -0.025 0.53 -0.037 0.36 -0.006 0.87 -0.025 0.53

HDL-c -0.077 0.05 0.011 0.78 0.051 0.21 0.090 0.02 -0.091 0.02
LDL-c -0.032 0.43 -0.004 0.92 0.043 0.28 0.066 0.10 -0.020 0.62

Boys

SBP 0.089 0.17 0.050 0.44 -0.013 0.84 -0.015 0.82 0.016 0.81
DBP 0.082 0.20 0.049 0.45 -0.010 0.88 0.024 0.71 -0.018 0.78
FPG -0.096 0.14 -0.005 0.94 -0.054 0.40 -0.094 0.15 0.062 0.34
TG -0.032 0.63 -0.036 0.58 -0.26 0.68 -0.008 0.90 -0.078 0.23

HDL-c 0.068 0.29 -0.045 0.49 0.027 0.68 0.067 0.30 -0.013 0.24
LDL-c -0.024 0.72 -0.017 0.79 0.028 0.67 0.100 0.12 0.038 0.56

Girls

SBP 0.020 0.00006 0.071 0.16 -0.032 0.53 -0.060 0.24 0.090 0.08
DBP 0.186 0.0002 0.013 0.79 0.0005 0.99 -0.057 0.26 0.051 0.32
FPG 0.005 0.93 -0.008 0.88 0.023 0.65 0.042 0.42 -0.082 0.11
TG 0.049 0.38 -0.024 0.64 -0.054 0.29 -0.012 0.79 -0.006 0.90

HDL-c -0.162 0.001 0.042 0.41 0.076 0.14 0.110 0.03 -0.123 0.02
LDL-c -0.033 0.51 0.007 0.89 0.066 0.20 0.059 0.25 -0.042 0.42

All lean

SBP 0.154 0.0002 0.074 0.08 -0.016 0.70 -0.013 0.75 0.062 0.14
DBP 0.157 0.0002 0.031 0.46 -0.002 0.95 0.010 0.82 0.020 0.64
FPG -0.049 0.24 -0.007 0.86 -0.020 0.62 -0.010 0.82 -0.044 0.29
TG 0.062 0.14 -0.017 0.69 -0.040 0.34 -0.011 0.80 -0.031 0.46

HDL-c -0.078 0.06 -0.001 0.98 0.027 0.51 0.063 0.13 -0.087 0.04
LDL-c -0.035 0.40 -0.006 0.89 0.046 0.27 0.071 0.09 -0.026 0.54

Lean boys SBP 0.079 0.04 0.043 0.52 0.025 0.72 -0.016 0.81 0.017 0.80
DBP 0.090 0.18 0.026 0.71 -0.017 0.80 0.030 0.66 -0.027 0.69
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Table 2: Partial Correlation between Anthropometric Indices and Metabolic Variables

Binary Logistic Regression Analysis of Anthropometric Indicators for MetS and its Components
The study then analyzed the OR and 95% confidence interval (CI) using anthropometric Z-scores, controlling for 
age and gender for all, lean and O/O subjects but for only age when boys or girls were considered. The strongest 
significant correlation that WHtR had was with systolic hypertension (OR=951.184, P-value=<0.05); the strongest 
significant correlation BRI had was with low HDL-c (OR=1.455, P-value<0.05). While WHtR had a significant correlation 
with dysglycemia among boys (OR=0.000, P-value<0.05), it was significantly correlated with systolic hypertension 
(OR==64299.068, P-value<0.001), hypertriglyceridemia (OR=1372.626, P-value<0.05) and low HDL-c (OR=0.001, 
P-value<0.05) among the girls (Table 3). In all lean subjects, BRI significantly correlated with low HDL-c (OR=1.371, 
P-value<0.05) but in girls it was WHtR that had significant correlation with systolic hypertension (OR=37868.97, 
P-value=<0.001) hypertriglyceridemia (OR=2674.647, P-value<0.05) and low HDL-c (OR=0.001, P-value<0.05). No 
significant correlation was observed among overweight/obese individuals, be they boys or girls (Table 3).
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O/O means Overweight and obese, p value means the differences between groups according to gender among non-overweight/obese adults, WC waist circumference, WtHR waist-
to-height ratio, BMI body mass index, AVI abdominal volume index, ABSI a body shape index, WWI weight adjusted waist index, BRI body roundness index, SBP systolic blood
pressure, DBP diastolic blood pressure, FBG fasting blood glucose, TC total cholesterol, TG triglyceride, HDL-C HDL cholesterol, LDL-C LDL cholesterol, MetS metabolic
syndrome. *t-test=4.02, p-value=0.0002; !Mann-Whitney U-test=2.47, p-value=0.01; !! Mann-Whitney U-test=4.04, p-value<0.001; ^ Mann-Whitney U-test=-2.43, p-value<0.05;
^^ Mann-Whitney U-test=-5.164, p-value<0.00001; # Mann-Whitney U-test=-2.59, p-value<0.01; ## Mann-Whitney U-test=-7.48, p-value<0.00001; α Mann-Whitney U-
test=4.22, p-value<0.0001; α α Mann-Whitney U-test=7.60, p-value<0.00001;

Table 2. Partial correlation between anthropometric indices and metabolic variables

Subjects Metabolic
variables

WHtR BRI ABSI WWI AVI
Coef. P-value Coef. P-value Coef. P-value Coef. P-value Coef. P-value

All subjects

SBP 0.155 <0.0001 0.061 0.13 -0.024 0.55 -0.041 0.30 0.067 1.00
DBP 0.144 <0.0003 0.026 0.52 -0.006 0.89 -0.015 0.57 0.03 0.42
FPG -0.031 0.43 -0.010 0.80 -0.015 0.71 -0.015 0.71 -0.046 0.25
TG 0.048 0.23 -0.025 0.53 -0.037 0.36 -0.006 0.87 -0.025 0.53

HDL-c -0.077 0.05 0.011 0.78 0.051 0.21 0.090 0.02 -0.091 0.02
LDL-c -0.032 0.43 -0.004 0.92 0.043 0.28 0.066 0.10 -0.020 0.62

Boys

SBP 0.089 0.17 0.050 0.44 -0.013 0.84 -0.015 0.82 0.016 0.81
DBP 0.082 0.20 0.049 0.45 -0.010 0.88 0.024 0.71 -0.018 0.78
FPG -0.096 0.14 -0.005 0.94 -0.054 0.40 -0.094 0.15 0.062 0.34
TG -0.032 0.63 -0.036 0.58 -0.26 0.68 -0.008 0.90 -0.078 0.23

HDL-c 0.068 0.29 -0.045 0.49 0.027 0.68 0.067 0.30 -0.013 0.24
LDL-c -0.024 0.72 -0.017 0.79 0.028 0.67 0.100 0.12 0.038 0.56

Girls

SBP 0.020 0.00006 0.071 0.16 -0.032 0.53 -0.060 0.24 0.090 0.08
DBP 0.186 0.0002 0.013 0.79 0.0005 0.99 -0.057 0.26 0.051 0.32
FPG 0.005 0.93 -0.008 0.88 0.023 0.65 0.042 0.42 -0.082 0.11
TG 0.049 0.38 -0.024 0.64 -0.054 0.29 -0.012 0.79 -0.006 0.90

HDL-c -0.162 0.001 0.042 0.41 0.076 0.14 0.110 0.03 -0.123 0.02
LDL-c -0.033 0.51 0.007 0.89 0.066 0.20 0.059 0.25 -0.042 0.42

All lean

SBP 0.154 0.0002 0.074 0.08 -0.016 0.70 -0.013 0.75 0.062 0.14
DBP 0.157 0.0002 0.031 0.46 -0.002 0.95 0.010 0.82 0.020 0.64
FPG -0.049 0.24 -0.007 0.86 -0.020 0.62 -0.010 0.82 -0.044 0.29
TG 0.062 0.14 -0.017 0.69 -0.040 0.34 -0.011 0.80 -0.031 0.46

HDL-c -0.078 0.06 -0.001 0.98 0.027 0.51 0.063 0.13 -0.087 0.04
LDL-c -0.035 0.40 -0.006 0.89 0.046 0.27 0.071 0.09 -0.026 0.54

Lean boys SBP 0.079 0.04 0.043 0.52 0.025 0.72 -0.016 0.81 0.017 0.80
DBP 0.090 0.18 0.026 0.71 -0.017 0.80 0.030 0.66 -0.027 0.69
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FPG -0.090 0.18 -0.018 0.79 -0.069 0.31 -0.107 0.11 0.070 0.30
TG -0.039 0.57 -0.035 0.61 -0.050 0.46 -0.040 0.55 -0.068 0.31

HDL-c 0.070 0.30 -0.047 0.48 0.013 0.85 0.065 0.33 -0.010 0.88
LDL-c -0.028 0.68 -0.008 0.90 0.042 0.53 0.108 0.11 0.031 0.65

Lean Girls

SBP 0.212 0.00006 0.099 0.06 -0.004 0.95 -0.006 0.92 0.081 0.13
DBP 0.206 0.0001 0.036 0.51 0.015 0.78 -0.006 0.91 0.036 0.50
FPG -0.025 0.64 0.002 0.96 0.025 0.65 0.0662 0.24 -0.081 0.13
TG 0.129 0.015 -0.011 0.83 -0.035 0.51 0.006 0.90 -0.018 0.73

HDL-c -0.166 0.002 0.026 0.63 0.046 0.39 0.058 0.21 -0.119 0.03
LDL-c -0.036 0.50 0.002 0.97 0.058 0.27 0.060 0.26 -0.048 0.37

All
Overweight/Obese

SBP 0.170 0.25 -0.171 0.24 -0.106 0.47 -0.305 0.03 0.20 0.16
DBP 0.004 0.98 -0.014 0.92 -0.005 0.97 -0.253 0.08 0.236 0.11
FPG 0.208 0.16 -0.057 0.70 -0.005 0.97 -0.077 0.60 -0.258 0.08
TG -0.174 0.24 -0.143 0.33 -0.029 0.85 0.036 0.81 0.075 0.61

HDL-c -0.015 0.92 0.228 0.12 0.404 0.004 0.470 0.001 -0.105 0.48
LDL-c 0.056 0.71 0.052 0.72 0.059 0.59 0.043 0.77 0.200 0.17

Overweight/Obese
boys

SBP 0.259 0.30 0.150 0.55 0.091 0.72 -0.024 0.93 0.027 0.91
DBP 0.020 0.94 0.437 0.07 0.222 0.38 0.107 0.67 -0.041 0.87
FPG -0.421 0.08 0.074 0.77 0.160 0.53 0.197 0.43 -0.106 0.68
TG 0.076 0.76 -0.019 0.94 0.222 0.37 0.497 0.04 -0.216 0.39

HDL-c 0.044 0.86 0.121 0.63 0.167 0.51 -0.0015 0.95 0.08 0.74
LDL-c 0.309 0.21 -0.125 0.62 -0.295 0.23 -0.071 0.78 0.315 0.20

Overweight/Obese
girls

SBP 0.136 0.47 -0.454 0.01 -0.296 0.11 -0.481 0.007 0.339 0.07
DBP 0.001 1.00 -0.284 0.13 -1.20 0.53 -0.355 0.05 0.349 0.06
FPG 0.388 0.03 -0.148 0.43 -0.045 0.81 -0.117 0.54 -0.317 0.09
TG -0.319 0.09 -0.236 0.21 -0.240 0.20 -1.61 0.39 0.265 0.16

HDL-c -0.028 0.88 0.455 0.01 0.536 0.002 0.672 0.00005 -0.97 0.30
LDL-c 0.01 0.95 0.111 0.56 0.152 0.42 0.063 0.74 0.189 0.32
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Table 3. Binary logistic regression analysis of anthropometric indicators for MetS and its components in all, lean and
overweight/obese boys and girls in the study population.

Subjects Metabolic
variables

Hypertension Dysglycemia Hypertriglyceridemia Low HDL-c High LDL-c MetS
Systolic Diastolic

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

All
subjects

WHtR 951.184! 6.74, 134187.01 287.758
0.00,

2580548074.
02

0.017 0.00, 14.16 26.917 0.27, 2695.94 0.021 0.00, 1.54 115.66 0.18,
73510.71 6.856 0.05,

1031.40

BRI 1.168 0.83, 1.56 1.512 0.61,
3.73 0.980 0.65, 1.47 0.929 0.71, 1.22 1.455* 1.07, 1.98 1.130 0.75, 1.70 1.045 0.75, 1.46

ABSI 746.353 0.00,
4.729E+24 0.000 0.00,

5.182E+46 0.001 0.00,
4.29E+23 0.000 0.00,

6.856+11 0.000 0.00, 5.60 161374.
061

0.00,
2.126E+29 0.000 0.00,

1.533E+14

WWI 1.138 0.32, 4.04 20.578 0.53,
841.66 0.885 0.19, 4.02 0.819 0.31, 2.46 2.487 0.90, 6.89 0.436 0.11, 1.64 2.592 0.80, 8.39

AVI 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00

Boys

WHtR 2.128 0.001, 8442.64 0.000 0.00,
5.388E+11 0.000* 0.00, 0.14 0.043 0.00, 62.17 11.007 0.01,

18941.59 3.897 0.00.
55485.78 0.043 0.00,

9157.39
BRI 1.408 0.82, 2.41 3.613 0.76, 17.14 1.018 0.45, 2.33 0.742 0.44, 1.25 1.297 0.77, 2.17 1.147 0.56, 2.35 0.617 0.27, 1.38

ABSI 7.438E+10 0.00,
6.108E+39 0.000 0.00,

4.464E+21 0.009 0.00,
3.195E+41 0.000 0.00,

6.283E+33 0.000 0.00,
3.12E+10

4557888
.58

0.00,
5.904E+42 0.194 0.00,

4.830E+37

WWI 0.756 0.12, 4.85 152.580 0.60,
38845.00 0.780 0.51, 12.04 0.582 0.10, 3.24 2.832 0.52, 15.29 0.809 0.09, 7.09 3.430 0.31, 37.61

AVI 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1400 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00

Girls

WHtR 64299.068! 110.74,
37333056.70 143384.987 0.00,

1.527E+13 0.773 0.00,
1293.96 1372.626* 3.56,

694220.40 0.001# 0.00, 0.14 1599.14
5

0.28,
9275449.61 46.278 0.13,

16955.17
BRI 1.065 0.78, 1.35 0.912 0.18, 4.69 0.973 0.71, 1.31 1.002 0.72, 1.40 1.547* 1.04, 2.30 1.147 0.69, 1.90 1.192 0.83, 1.71

ABSI 0.000 0.89, 1.26 1.920E+48 0.00,
1.121E+140 0.000 0.00, 1.56 0.000 0.00,

2.000E+21 0.000 0.00,
51078208.72 1.553 0.00,

1.864E+35 0.000 0.00,
6.503E+14

WWI 2.176 0.75, 1.96 4.435 0.07, 274.36 0.793 0.00,
3.239E+31 0.855 0.25, 2.88 2.361 0.58, 9.53 0.354 0.07, 1.72 3.027 0.68, 13.46

AVI 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00

All lean WHtR 801.795* 4.83, 133079.13 486.388 0.00,
2.949E+10 0.002 0.00, 4.14 24.875 0.23, 2677.59 0.036 0.00, 2.92 103.661 0.15,

71559.13 16.288 0.09,
2852.67

BRI 1.175 0.84, 1.63 1.609 0.62, 4.15 0.995 0.64, 1.54 0.961 0.73, 1.27 1.371* 1.01, 1.87 1.209 0.79, 1.85 1.049 0.74, 1.49
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ABSI 3.802 0.00,
5.860E+23 0.000 0.00,

9.392E+43 0.000 0.00,
2.953E+17 0.000 0.00,

234769590.60 0.000 0.00, 5811.27 9208061
63.223

0.00,
1.555E+34 0.000 0.00,

6.283E+13

WWI 1.276 0.34, 4.75 16.018 0.20,
1263.65 1.333 0.27, 6.65 0.807 0.30, 2.20 2.165 0.75, 6.27 0.541 1.33, 2.19 2.554 0.70, 9.33

AVI 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00

Lean
boys

WHtR 2.506 0.00, 14099.20 0.001 0.00,
6.931E+12 0.000* 0.00, 0.10 0.017 0.00, 29.11 24.161 0.01,

53758.06 3.775 0.00,
59729.68 0.319 0.00,

74737.42
BRI 1.472 0.84, 2.58 3.455 0.74, 16.22 0.798 0.53, 1.94 0.704 0.41, 1.21 1.209 0.72, 2.04 1.331 0.63, 2.81 0.557 0.22, 1.41

ABSI 11472942.71 0.00,
3.352#+37 0.000 0.00,

8.552E+24 0.173 0.00,
4.42E+44 0.000 0.00,

1.536E+23 0.000 0.00,
1.633E+12

1.655E+
14

0.00,
3.100E+52 32.455 0.00,

2.186E+44

WWI 0.961 0.14, 6.50 151.014 0.47,
48642.81 0.804 0.05, 13.48 0.510 0.09, 2.98 2.721 0.49, 15.08 0.671 0.07, 6.16 3.415 0.26, 45.12

AVI 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00,1.00 1.000 1.00, 1.00

Lean
Girls

WHtR 37868.97! 54.61,
26262952.86

2968296.53
7

0.00,
1.319E+16 0.127 0.00, 466.81 2674.647* 5.43,

1317649.88 0.001* 0.00, 0.22 1266.04
8

0.20,
8036444.86 93.855 0.23,

43395.56
BRI 1.060 0.68, 1.65 0.730 0.04, 13.10 1.068 0.65, 1.74 1.080 0.77, 1.52 1.466 0.98, 2.19 1.178 0.70, 1.97 1.215 0.83, 1.77

ABSI 0.000 0.00,
8.745E+26 0.018 0.00,

1.340E+141 0.000 0.00,
9.078E+21 0.000 0.00,

2.816E+16 0.000 0.00,
6.933E+10 15.815 0.00,

8.196E+37 0.000 0.00,
6.496E+11

WWI 2.029 0.28, 14.66 0.141 0.00, 50.03 1.487 0.20, 11.15 0.950 0.27, 3.36 1.920 0.43, 8.58 0.473 0.08, 2.68 2.624 0.48, 14.40
AVI 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00

All
O/O

WHtR 6462576987.
68 0.01,3.062E+21 0.000 0.00 4690.387 0.00,

6.981E+15 179.992 0.00,
8.159E+14 0.000 0.00, 2107.81 0.000 0.00,

5.635E+33 0.918 0.00,
3.75E+12

BRI 0.993 0.14, 6.84 2.505E+13 0.00 2.535 0.23, 27.54 0.215 0.22, 2.14 12.076 0.77, 190.33 0.001 0.00,
119.25 0.535 0.06, 4.78

ABSI 1.157E+62 0.00,
5.821E+146 0.000 0.00 5.348E+55 0.00,

2.930E+162 2.808E+19 0.00,
4.051E+126 0.000 0.00,

1.472E+49 0.000
0.00,

1.408E+13
3

564670
41.098

0.00,
4.095E+89

WWI 0.203 0.00, 18.01 0.000 0.00 0.005 0.00, 2.96 31.187 0.00,
313255.79 3.593 0.04, 296.96 0.004 0.00,

8862.96 25.222 0.20,
3162.83

AVI 1.000 1.00, 1.00 1.028 0.02, 63.56 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00 1.000 1.00, 1.00

O/O
boys

WHtR 5.267E+30 0.00,
4.094E+82 - - - - 2.282E+15 0.0,

1.736E+40 0.000 0.00,
2.260E+48 - - 0.000 0.00, .

BRI 0.259 0.01, 9.84 - - - - 0.544 0.04, 7.12 61896.120 0.00,
4.441E+12 - - 5.953E

+66 0.00,

ABSI 2.152E+249 0.00, 0.00 - - - - 1.742E+52 0.00,
1.611E+202 0.000 0.00, 0.00 - - 0.000 0.00,

WWI 0.000 0.00, 17414.56 - - - - 3.953 0.00,
254597.82 9154.489 0.00,

2.636E+21 - - - 0.00

AVI 1.001 1.00, 1.00 - - - - 1.000 1.00, 1.00 1.000 1.00, 1.00 - - 1.053 0.01, 98.32

O/O
girls

WHtR 6042984881.
43

0.00,
6.506E+25 0.001 0.00 74188338.0

6
0.00,

1.116E+23 2.982E+23 0.00 0.000 0.00,
18038.66 0.000 0.00, 0.00 0.795 0.23, 2.73

BRI 1.420 0.02, 108.96 8.4E+21 0.00 0.099 0.00, 8.60 0.000 0.00 4.940 0.23, 105.97 5.530E+
186 0.00, 0.00 0.707 0.01, 35.85

ABSI 0.000 0.00,
4.064E+125 3.77E+14 0.00 3.446E+31 0.00,

6.471E+163 0.000 0.00 0.000 0.00,
2.308E+73 0.000 0.00, 0.00 2387.1

36

0.00,
4.173E+11

0

WWI 2.565 0.00, 1991.53 0.000 0.00 0.029 0.00. 28.62 1.523E+42 0.00 3.313 0.02, 518.02 0.000 0.00, 0.00 13.909 0.04,
4591.46

AVI 1.000 1.00, 1.00 1.816E+39 0.00 1.000 1.00, 1.00 1.000 0.00, 1.000 1.00, 1.00 0.744 0.00, 1.000 1.00. 1.00

Table 3: Binary Logistic Regression Analysis of Anthropometric Indicators for MetS and its Components 
in All, Lean and Overweight/obese Boys and Girls in the Study Population

The Diagnostic Ability of Anthropometric Indicators for MetS and its Components
As shown in Tables/Figures 4a-e, BRI had the strongest discriminative power to identify MetS (AUC=0.611 for all subjects; 
0.570 for boys, 0.745 for girls; 0.550 for all lean subjects, 0.542 for lean boys, 0.640 for lean girls). However, ABSI had a 
stronger predictive power to identify MetS in O/O subjects (AUC=0.739 for all O/O subjects, 0.778 for O/O boys, 0.684 
for O/O girls). Overall, AVI had the strongest predictive ability to identify systolic hypertension (AUC=0.633), diastolic 
hypertension (AUC=0.621), combine systolic/diastolic hypertension (AUC=0.670), hypertriglyceridemia (AUC=0.536) 
and high LDL-c (AUC=0.583). On the other hand, BRI and WWI were only able to identify low HDL-c (AUC=0.552) and 
diabetic FPG (AUC=0.521) respectively.
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791123.72 126553.84
*P-value<0.05; !P-value<0.005; #P-value<0.0001; O/O=overweight/Obese (O/O boys: The dependent variables, DBP and high LDL-c, each has very few data
which SPSS did not process)

Tables/Figures 4a-e. The discriminative power of the anthropometric indices for MetS and its components in Nigerian adolescents.

Area Under the Curve (AUC)

Statistics for
ROC

All (n=624) Boys (n=241) Girls (n=383)

Metabolic syndrome (Yes=1; No=0)
WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI

AUC 0.598 0.611 0.445 0.370 0.475 0.555 0.570 0.451 0.40 0.560 0.740 0.745 0.348 0.269 0.497
Cut-off ≥0.41 ≥1.91 ≥0.07 ≥0.97 ≥7009.24 ≥0.41 ≥1.84 ≥0.07 ≥1.18 ≥2654.4 ≥0.45 ≥2.54 ≥0.06 ≥0.97 ≥9566.4

Sensitivity 0.73 0.65 0.77 1.00 0.12 0.65 0.65 0.88 0.91 0.47 0.56 0.56 1.00 1.00 0.11
Specificity 0.48 0.58 0.28 0.007 0.94 0.56 0.58 0.20 0.15 0.67 0.87 0.88 0.01 0.006 0.98

DTC 0.59 0.54 0.76 0.99 0.89 0.56 0.55 0.81 0.85 0.63 0.46 0.46 0.99 0.99 0.89
(a)

Area Under the Curve (AUC)
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https://www.primeopenaccess.com/international-journals/endocrinology-endocrine-system.asp


8Endocrinology and Endocrine System, 2025

Page 30 of 34

Statistics for
ROC

All lean (n=574) Lean Boys (n=226) Lean Girls (n=348)
Metabolic syndrome (Yes=1; No=0)

WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI
AUC 0.536 0.550 0.431 0.375 0.424 0.526 0.542 0.429 0.400 0.551 0.634 0.640 0.309 0.305 0.359

Cut-off ≥0.41 ≥1.81 ≥0.07 ≥1.03 ≥7009.2 ≥0.41 ≥1.81 ≥0.07 ≥1.18 ≥1220.0 ≥0.42 ≥1.96 ≥0.06 ≥1.30 ≥7009.2
DTC 0.59 0.58 0.77 0.98 0.90 0.57 0.56 0.83 0.87 0.71 0.51 0.49 0.99 0.76 0.91

Sensitivity 0.67 0.69 0.82 1.00 0.10 0.61 0.64 0.89 0.93 0.82 0.73 0.73 1.00 0.73 0.09
Specificity 0.51 0.51 0.25 0.02 0.95 0.58 0.57 0.17 0.14 0.31 0.57 0.59 0.01 0.29 0.93

(b)

Area Under the Curve (AUC)

Statistics for
ROC

All O/O (n=50) O/O Boys (n=15) O/O Girls (n=35)
Metabolic syndrome (Yes=1; No=0)

WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI
AUC 0.550 0.576 0.739 0.673 0.456 0.389 0.454 0.778 0.704 0.389 0.676 0.689 0.684 0.607 0.551

Cut-off ≥0.52 ≥3.75 ≥0.07 ≥1.16 ≥3406.2 ≥0.61 ≥2.83 ≥0.07 ≥1.29 ≥3591.48 ≥0.52 ≥3.79 ≥0.07 ≥1.16 ≥3809.08
DTC 0.65 0.64 0.40 0.48 0.71 0.84 0.67 0.28 0.37 0.65 0.48 0.46 0.46 0.45 0.66

Sensitivity 0.38 0.38 0.77 0.85 0.77 0.17 0.50 0.83 0.83 0.67 0.57 0.57 0.71 0.86 0.86
Specificity 0.78 0.81 0.68 0.54 0.32 0.89 0.56 0.78 0.67 0.44 0.79 0.82 0.64 0.57 0.36

(c)

Area Under the Curve (AUC)

Page 31 of 34

Statistics for
ROC

All
Systolic hypertension (Yes=1; No=0) Diastolic hypertension (Yes=1; No=0) Diabetic FPG (Yes=1; No=0)

WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI
AUC 0.561 0.566 0.350 0.232 0.633 0.592 0.601 0.419 0.335 0.621 0.513 0.514 0.526 0.531 0.456

Cut-off ≥0.43 ≥2.16 ≥0.06 ≥0.99 ≥3437.69 ≥0.43 ≥2.07 ≥0.06 ≥2.25 ≥3437.69 ≥0.42 ≥1.98 ≥0.08 ≥1.24 ≥622.78
DTC 0.62 0.62 1.00 0.99 0.48 0.58 0.58 0.99 0.96 0.54 0.65 0.65 0.67 0.77 0.95

Sensitivity 0.44 0.44 1.00 1.00 0.70 0.53 0.53 1.00 0.04 0.62 0.50 0.72 0.42 0.87 0.97
Specificity 0.72 0.73 0.005 0.01 0.62 0.66 0.66 0.005 1.00 0.63 0.59 0.25 0.68 0.24 0.05

(d)

Area Under the Curve (AUC)

Statistics for
ROC

All
Hypertriglyceridemia (Yes=1; No=0) Low HDL (Yes=1; No=0) High LDL (Yes=1; No=0)

WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI
AUC 0.457 0.472 0.446 0.469 0.536 0.549 0.552 0.502 0.526 0.465 0.520 0.507 0.478 0.445 0.583

Cut-off ≥0.38 ≥4.78 ≥0.08 ≥1.03 ≥1002.63 ≥0.44 ≥1.90 ≥0.07 ≥1.23 ≥5972.48 ≥0.43 ≥1.79 ≥0.07 ≥1.18 ≥1729.96
DTC 0.88 0.99 0.93 0.95 0.82 0.79 0.64 0.71 0.76 0.88 0.77 0.66 0.74 0.83 0.60

Sensitivity 0.89 0.01 0.07 0.99 0.90 0.22 0.48 0.68 0.81 0.13 0.26 0.55 0.79 0.87 0.71
Specificity 0.13 1.00 0.96 0.05 0.18 0.88 0.63 0.36 0.26 0.91 0.80 0.51 0.23 0.18 0.48

(e)
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Area Under the Curve (AUC)

Statistics for
ROC

Systolic/Diastolic hypertension (Yes=1; No=0)
All Boys Girls

WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI WHtR BRI ABSI WWI AVI
AUC 0.637 0.644 0.288 0.226 0.670 0.564 0.565 0.302 0.256 0.659 0.790 0.799 0.251 0.182 0.786

Cut-off ≥0.43 ≥2.16 ≥0.06 ≥1.82 ≥3437.69 ≥0.39 ≥2.16 ≥0.08 ≥1.82 ≥3437.69 ≥0.45 ≥1.90 ≥0.07 ≥1.03 ≥5465.07
DTC 0.55 0.54 1.00 0.87 0.47 0.77 0.60 0.89 0.79 0.40 0.83 0.49 0.92 0.98 0.25

Sensitivity 0.53 0.53 1.00 0.13 0.73 1.00 0.44 0.11 0.22 0.67 0.67 1.00 1.00 1.00 0.83
Specificity 0.72 0.72 0.005 0.90 0.62 0.23 0.78 0.92 0.87 0.78 0.83 0.51 0.08 0.02 0.81

(f)

WtHR =waist-to-height ratio, BRI =body roundness index, WWI =weight adjusted waist index, AVI =abdominal volume index, ABSI = a body shape index, BP
blood pressure, TG triglyceride, HDL-C HDL cholesterol, MetS metabolic syndrome, AUC=Area Under the Curve; DTC=Distance to corner

Tables/Figures 4a-e: The Discriminative Power of the Anthropometric Indices for MetS and its Components 
in Nigerian Adolescents

WtHR= waist-to-height ratio, BRI = body roundness index, WWI =weight adjusted waist index, AVI = abdominal 
volume index, ABSI = a body shape index, BP blood pressure, TG triglyceride, HDL-C HDL cholesterol, MetS metabolic 
syndrome, AUC=Area Under the Curve; DTC=Distance to corner

The Differences in ROC Curves of Anthropometric Indices for MetS Identification
For the identification of MetS in all subjects, no statistically significant differences were observed between WHtR and 
BRI, between ABSI and AVI and between AVI and WWI, though notable variances were noted between WHtR and 
ABSI (P-value = 0.008), WHtR and WWI (P-value = 0.0002), WHtR with AVI (P-value = 0.02), BRI and ABSI (P-value 
= 0.003), BRI and WWI (P-value = 0.0001), BRI and AVI (P-value = 0.008) as well as ABSI and WWI (P-value=0.01), 
most of these among girls. The discriminatory power of WHtR in the identification of MetS was analogous to that of BRI 
but superior to that of ABSI, AVI and WWI (Tables 5).

Page 33 of 34

Table 5. Paired comparison of ROC curves for identification of MetS in all, lean, and overweight/obese subjects and by gender.

Criteria WHtR
-BRI

WHtR -
ABSI

WHtR -
WWI

WHtR -
AVI

BRI
-ABSI

BRI
-WWI

BRI
-AVI

ABSI
-WWI

ABSI
-AVI

AVI
-WWI

All subjects
Diff. in AUC -0.01 0.15 0.23 0.12 0.17 0.24 0.14 0.07 -0.03 0.10
SE 0.009 0.06 0.06 0.05 0.06 0.06 0.05 0.03 0.07 0.07
P-value 0.15 0.008 0.0002 0.02 0.003 0.0001 0.008 0.01 0.66 0.13

Boys
Diff. in AUC -0.02 0.10 0.15 -0.005 0.12 0.16 0.01 0.04 0.11 0.15
SE 0.02 0.07 0.07 0.07 0.07 0.07 0.07 0.04 0.09 0.09
P-value 0.32 0.11 0.04 0.95 0.07 0.03 0.88 0.30 0.22 0.10

Girls
Diff. in AUC -0.005 0.39 0.47 0.24 0.40 0.48 0.25 0.08 0.15 0.23
SE 0.004 0.08 0.10 0.08 0.08 0.10 0.08 0.05 0.10 0.11
P-value 0.26 <0.00001 <0.00001 0.002 <0.000001 <0.00001 0.001 0.10 0.15 0.03

All Lean
Diff. in AUC -0.01 0.10 0.16 0.11 0.01 0.18 0.13 0.06 0.01 0.05
SE 0.01 0.06 0.07 007 0.01 0.07 0.06 0.04 0.07 0.08
P-value 0.23 0.10 0.02 0.09 0.06 0.01 0.05 0.13 0.93 0.52

Lean Boys Diff. in AUC -0.02 0.10 0.13 -0.02 0.11 0.14 -0.01 0.03 -0.12 0.15
SE 0.02 0.07 0.08 0.08 0.07 0.08 0.08 0.04 0.10 0.10
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P-value 0.38 0.18 0.10 0.76 0.12 0.08 0.92 0.53 0.21 0.12

Lean Girls
Diff. in AUC -0.006 0.32 0.33 0.27 0.33 0.34 0.28 0.005 -0.05 0.05
SE 0.006 0.11 0.12 0.12 0.11 0.12 0.12 0.05 0.12 0.11
P-value 0.28 0.004 0.006 0.02 0.003 0.006 0.02 0.93 0.69 0.61

All O/O
Diff. in AUC -0.03 -0.19 -0.12 0.09 -0.16 -0.10 0.12 0.07 0.28 0.22
SE 0.03 0.10 0.12 0.11 0.09 0.12 0.11 0.08 0.14 0.16
P-value 0.44 0.047 0.32 0.41 0.07 0.44 0.29 0.40 0.04 0.19

O/O Boys
Diff. in AUC -0.06 -0.39 -0.31 0.00 -0.32 -0.25 0.06 0.07 0.39 -0.31
SE 0.08 0.15 0.21 0.17 0.13 0.20 0.19 0.11 0.22 0.27
P-value 0.41 0.008 0.13 1.00 0.02 0.21 0.73 0.52 0.08 0.25

O/O Girls
Diff. in AUC -0.01 -0.01 0.07 0.12 0.01 0.08 0.14 0.08 0.13 0.06
SE 0.04 0.10 0.14 0.16 0.09 0.14 0.17 0.14 0.19 0.22
P-value 0.74 0.94 0.63 0.45 0.96 0.57 0.41 0.58 0.48 0.80

Definitions: Criterion 1, The first specified Criterion Variable; Criterion 2, The second specified Criterion Variable; AUC1, The calculated area under the ROC
curve for Criterion 1; AUC2, The calculated area under the ROC curve for Criterion 2; Z-Value, The calculated Z-statistic for testing H0: AUC1 = AUC2; P-
Value, The probability that the true AUC1 equals AUC2, given the sample data. (H0: AUC1 = AUC2, H1: AUC1 ≠AUC2).

Definitions: Criterion 1, The first specified Criterion Variable; Criterion 2, The second specified Criterion Variable; AUC1, 
the calculated area under the ROC curve for Criterion 1; AUC2, the calculated area under the ROC curve for Criterion 
2; Z-Value, the calculated Z-statistic for testing H0: AUC1 = AUC2; P-Value, the probability that the true AUC1 equals 
AUC2, given the sample data. (H0: AUC1 = AUC2, H1: AUC1 ≠ AUC2).

Table 5: Paired Comparison of ROC Curves for Identification of MetS in all, Lean, and Overweight/obese 
Subjects and by Gender
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The Optimal Cutoff Value of Sex‑Based and BMI‑for‑Age Anthropometric Indices for the Identification of 
MetS
In all study subjects, the optimal cut-off value of WHtR, BRI, ABSI, WWI and AVI for predicting MetS were 0.41, 1.91, 
0.07, 0.97 and 7009.24 respectively, (0.41, 1.84, 0.07, 1.18 and 2654.4 for boys, and 0.45, 2.54, 0.06, 0.97 and 9566.4 
for girls). In all subjects, BRI had the shortest distance to corner (0.54 for all, 0.55 for boys, 0.46 for girls; 0.58 for all 
lean, 0.56 for lean boys, 0.49 for lean girls), making it a strong instrument for predicting MetS in adolescents while WWI 
and ABSI were the weakest. However, ABSI had the shortest distance to corner among overweight/obese adolescents 
(0.40 for all O/O, 0.28 for O/O boys, 0.46 for O/O girls). However, WWI had the shortest distance to corner (0.45) 
among O/O girls. For all subjects, AVI had the shortest distance to corner to predict Hypertriglyceridemia (DTC=0.82, 
Sensitivity=0.90) as well as high LDL-c (DTC=0.60, Sensitivity=0.71) whereas BRI has the shortest distance to corner 
in predicting low HDL (DTC=0.64, Sensitivity=0.48). 

Discussion
This cross-sectional study on MetS and its components was conducted on adolescent boys and girls attending various 
government-approved secondary schools in Lagos, Nigeria. It is the first to utilize novel anthropometric indices – BRI, 
ABSI, WWI and AVI – to predict metabolic syndrome among sub-Saharan Black African adolescents. The subjects were 
evaluated without any distinction and were later segregated into lean and overweight/obese subjects, each group being 
further segregated into boys and girls. As expected in a developing country, the proportion of lean adolescents (574/624, 
92.0%) far outweighs that of overweight/obese (50/624, 8.0%) and that of girls (35/50, 70.0%) far outweighs that 
of boys (15/50, 30.0%). In an attempt to come up with an applicable cut-off values for separate populations, modern 
anthropometric matrices such as Lipid Accumulation Product (LAP), a novel index of central lipid accumulation based on 
a combination of waist circumference and serum triglycerides [50-52], Visceral Adiposity Index (VAI), Visceral Adiposity 
Index (VAI), which utilizes Body Mass Index (kg/m2), Waist Circumference (WC in cm), triglycerides and high-density 
lipoprotein-cholesterol have been utilized [53]. Most of these measurements were conducted in adults and it is not yet 
decided whether these anthropometric indices are applicable to adolescents who are still in the process of growing. 
Nevertheless, there are some salient points that this current study exposes. First, mean WHtR was significantly higher in 
girls compared to boys, indicating that adolescent obesity was more frequent in girls than boys. Also, the area under the 
curve (AUC) for WHtR in identifying MetS was higher among girls (0.740) than boys (0.555) indicating that, in general, 
WHtR may be better suited for girls than for boys. However, in all lean adolescents, the AUC for BRI in identifying 
MetS was higher than that of WHtR (0.550 vs 0.536), especially in lean girls (0.640 vs 0.634) compared to lean boys 
(0.542 vs 0.526). In contrast, a Korean study reported that WHtR is more related to cardiometabolic risk factors in lean 
adolescents [54]. This difference in these findings may be related to living standards of the two groups of adolescents, 
one in a developing, the other in an industrialized nation. Further, the optimal WHtR cut-off points of 0.41 in boys and 
0.42 in girls observed in this study are lower than the 0.47 in boys and 0.45 in girls reported by Zhou et al in China but 
closer to the 0.44 for boys and o.43 for girls reported in another Korean study [55,56]. This indicates that cut-off points 
for anthropometric indices to identify MetS, specifically among adolescents, may be dependent on growth potential, 
regional, ethnic and other salient differences. In all the subjects WHtR and BRI were superior to ABSI, WWI and AVI 
in identifying MetS, especially among lean but not obese individuals (girls mostly). Unlike what is reported here for 
adolescents, a systematic review and meta-analysis reported that, in adult males and females from diverse populations, 
BRI possesses a good discriminatory power for MetS which may be taken that different anthropometric indices may 
be needed to predict MetS in adolescents and among adults [57]. Another vital point is that AVI was superior to other 
anthropometric indices in predicting systolic, diastolic, and combined systolic/diastolic hypertension (in all, AUC=0.670 
and in boys, AUC=659), hypertriglyceridemia (AUC=0.536) and high LDL-c (AUC=0.583). The AUC of 0.659 (boys) and 
0.786 (girls) for hypertension reported in this study is lower than the 0.83 (boys) and 0.83 (girls) reported by Personal et 
al. for adults while Khan and his colleagues concluded that WHtR and AVI showed the highest AUC to diagnose metabolic 
syndrome and were better associated with metabolic diseases though they did not specify gender differentiation, contrary 
to the submission of a systematic review and meta-analysis by Calderon-Garcia et al that BRI was significantly better 
predictor of hypertension than ABSI [58-60]. Also, although ABSI was superior to all other anthropometric indices in 
identifying MetS in the obese subjects, it was not gender specific as it was superior to the others in identifying MetS only 
in boys (AUC=0.778) and not in girls (0.684) among whom BRI was superior (AUC=0.689) than other anthropometric 
indices. Garazova et al confirmed ABSI being relevant in screening at-risk population, including obese individuals [61]. 
In this study WWI significantly correlated with HDL-c, in all subjects, especially girls; in all overweight/obese subjects, 
both boys and girls; and with systolic blood pressure in overweight/obese adolescents. However, it was barely able to 
predict only diabetic fasting plasma glucose, with an AUC of 0.531. The findings of Wand et al suggested that higher 
WWI levels are linked to diabetic kidney disease (DKD) in adults which indicates the usefulness of this instrument as a 
cost-effective and straightforward way to detect this disease [62]. Some other studies on WWI also found a relationship 
between WWI and type 2 diabetes, being an independent predictor of mortality in adults with type 2 diabetes and in 
cardiovascular diseases [65]. Findings on WWI in this paper may be a pointer to future incidence of DKD, making this 
a possible candidate for screening of this disease in adolescents. That WWI did not feature strongly as a discriminatory 
instrument for MetS in lean or obese individuals compared to WHtR or BRI may probably be for the speculated reason, 
it is grounded on two anthropometric measurements – body weight and waist circumference thus unable to differentiate 
between fat distribution and body weight composition, thereby underestimating fat content and visceral adipose tissue 
(VAT) of short stature people while over-estimating that of tall people [49]. Other probable reasons why WWI did not 
feature prominently in this analysis is that, in adolescent obesity, ABSI had a superiority as marker of MetS and probably 
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because overweight and obese adolescents were few. 

Study Limitations
Limitations in this study have already been documented [40]. However, they are summarily discussed below. The study 
has notable limitations, including a small sample size that may affect the understanding of metabolic conditions among 
adolescents, particularly in the southern region of the country. Additionally, the sample may be biased due to an uneven 
gender ratio and exclusion of some overweight or obese students. As the study focused on a specific geographical area, 
its findings may not be applicable nationwide, highlighting the need for further research on dyslipidemia, metabolic 
syndrome and appropriate anthropometric discriminator among secondary school adolescents across the country.

Conclusion
Probably because humans are of different shapes and sizes and most probably because growth in adolescence is 
continuous, different anthropometric indices are necessary to predict not only MetS but other cardiometabolic indices. 
This study demonstrates that of all the novel anthropometric indices, BRI had the highest diagnostic accuracy to 
recognize MetS in all the adolescents, both boys and girls, in lean subjects both boys and girls and to also recognize low 
HDL in all adolescents of Black Nigerian ethnicity. On the other hand, ABSI was the strongest instrument to distinguish 
MetS among all overweight/obese subjects though only in boys and not girls. Meanwhile, AVI had the strongest capacity 
to identify systolic, diastolic and combined systolic/diastolic hypertension, hypertriglyceridemia, and high LDL-c. There 
is still a paucity of data on this topic and extensive studies are required in sub-Sahara Africa so as to add to collective 
knowledge on this topic. Ministry of Health at Federal and State levels in Nigeria should make this a matter of urgency 
and fund studies on cheap and useful diagnostic instruments for metabolic syndrome and its components. These simple 
clinically inclined anthropometric tools may assist health workers to identify, and refer for further evaluation, subjects at 
risk of MetS and its components. 
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