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Abstract: This purpose was to compare the ability of body shape index (ABSI) and body 

roundness index (BRI) with waist circumference (WC), body mass index (BMI), waist-to-hip ratio 

(WHR), waist-to-height ratio (WHtR) and body adiposity index (BAI) to predict metabolic risk.  

The cross-sectional study was conducted in 17,360 Chinese subjects (were aged 18-95 years old) 

who escaped cardiovascular disease (CVD) or diabetes. Biochemical and anthropometric variables 

were measured by trained staff. Receiver operating characteristic curve (ROC) and optimal cutoff 

values of obesity indices were recruited to compare the predictive ability for metabolic risk factors. 

The mean age of subjects was 53.7(13.1) years, 41.6 % were males. Within young group (<60 years), 

the areas under the curve (AUC) demonstrated that WC, BMI, WHR, WHtR and BRI were able to 

similarly predict high metabolic risk in males (0.74 vs. 0.74 vs. 0.73 vs. 0.73 vs. 0.73) and in females 

(0.73 vs. 0.73 vs. 0.71 vs. 0.73 vs. 0.73), while the approximate predictive ability were only acquired 

in males (0.73 vs. 0.73 vs. 0.70 vs. 0.73 vs. 0.73) within elder group (≥60 years). The optimal cut-

off values of BRI for high metabolic risk were calculated in males (<60 y: 3.49 vs. ≥60 y: 3.46) 

and females (<60 y: 3.47 vs. ≥60 y: 3.60). Meanwhile, BRI displayed a strong prediction to 

elevated BP and elevated TG in males (AUC = 0.64; AUC = 0.70) and to elevated BP, elevated TG 

and elevated SUA in females (AUC = 0.67; AUC = 0.69; AUC =0.70). BRI was able to similarly 

predict high metabolic risk compared to WC, BMI, WHR, WHtR and BAI, while ABSI was not. 

Moreover, BRI revealed specific predictive ability for elevated BP, elevated TG and elevated SUA. 
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1. Introduction 

Metabolic syndrome (MetS) consist of a group of metabolic risk factors, which plays a vital 

role in development of atherosclerotic heart disease, diabetes mellitus and cancer[1-3]. So far, over 

33.9% of elderly Chinese reached abnormal metabolism and caused a large disease-related 

healthcare burden[4]. According to the International Diabetes Federation (IDF) in 2009, the general 

diagnosis criteria of metabolic syndrome consisted with obesity, elevated blood pressure (BP), 

elevated fasting plasma glucose (FPG), elevated triglyceride (TG) and reduced high-density 

lipoprotein cholesterol (HDL-C)[5]. 

Obesity played an important role in the development of cardiometabolic disorder[6]. The 

prevalence of obesity among adults was increasing rapidly worldwide; a similar rapid increase had 

reached epidemic levels in China, which poses heavy public health and economic burdens[7]. 

Obesity was mainly due to the disproportionate growth of adipose tissue and lean body mass which 

can lead to further morbidity and mortality from cardiovascular disease[8, 9]. The obesity was the 

most commonly used measure to assess the risk involved with adiposity-related metabolic 

derangements, whereas the use of more accurate methods such as dual-energy X-ray absorptiometry 

(DXA), hydrostatic weighing, bioelectrical impedance or even skinfold thickness were limited due 

to its complexity and/or cost[10-12]. More epidemiological studies have shown the anthropometric 

measures were accepted for the evaluation of obesity for their simplicity and usefulness[13-15]. The 

body mass index (BMI) has been long used as a diagnostic index of general obesity and could reflect 

the overall distribution of body fat[16]. Moreover, waist circumference (WC), body adiposity index 

(BAI), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) have been used to predict 

metabolic risk factors in numerous studies[17-20]. However, people have gradually found that 

traditional anthropometric indices failed to discriminate fat and muscle mass[21]. So, the 

controversy raised over which anthropometric parameter can best define obesity and predict 

metabolic risk[22]. Hence, researchers have explored new anthropometric indices in an attempt to 

improve above limitations[23]. Fortunately, previous study found that two new anthropometric 

indices named body shape index (ABSI) and body roundness index (BRI) were more associated 

with cardiovascular disease and mortality hazards than BMI and WC[24-26]. 

In this study, we conducted a population-based cross-sectional study to assess the ability of 

obesity indices for predicting multiple non-adipose metabolic risk factors in Chinese subjects. To 

further evaluate the importance of obesity factor in Chinese elderly people, we adopted seven 

anthropometric indices as well as more comprehensive metabolic risk factors, including elevated 

BP, elevated FPG, elevated TG, reduced HDL-C and elevated serum uric acid (SUA), in the present 

study. 

 

2. Material and methods 

2.1. Study population  

The cross-sectional data was extracted from the baseline records of Zhejiang Metabolic 

Syndrome Cohort initiated in Zhejiang Province from 2009 to 2012. A total of 22,649 participants 

(9,527 males and 13,122 females, mean age was 54.86±14.2 years) were recruited. Exclusion 

criteria: (1) severe infective diseases and malignancies in baseline; (2) patients with T2DM, CVD 
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and Stroke in baseline; (3) less than 18 years old; (4) without biochemical and anthropometric data. 

A total of 17,360 (7,226 males and 10,134 females) participants met these criteria were finally 

included in this study. Additionally, inclusion criteria and selection flowchart for all samples shown 

in Figure 1. This study was approved by the Human Research Ethics Committee of the Zhejiang 

University, Zhejiang, China. All participants provided written informed consent before participation. 

 

2.2. Measurements 

Height (cm), body weight (kg), waist circumference (WC; cm), hip circumference (HC; cm), 

systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured by trained 

assistants using same equipment. Height and weight were measured with the subjects wearing light 

clothing and no shoes. Height was recorded to the nearest 0.1 cm and body weight to the nearest 

0.1kg. Body mass index (BMI) was computed as weight (kg) divided by height squared (m2). Girth 

of the midpoint between the lowest point of the rib and the upper edge of the iliac crest were 

calculated as waist circumference (WC). The length of the horizontal position of the hip protrusion 

was calculated as the hip circumference (HC) [14]. The measurements of WC and HC were taken 

to the nearest 0.1 cm. Waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were respectively 

calculated as WC divided by HC and WC divided by height. BAI was calculated as HC 

(cm)/height1.5 (m) minus 18[27]. ABSI was calculated using formula as ABSI =
WC

BMI2/3Height1/2
 and 

BRI was calculated using formula as BRI = 364.2 − 365.5 × √1 − (
(WC/(2π))2

(0.5Height)2
). Sitting blood 

pressure was measured 2 times after at least 20 minutes of rest using the standardized desktop 

sphygmomanometer. The average blood pressure derived from two measurement readings was 

used[26, 28]. 

After an overnight fast of at least 12 hours, blood samples of each participant were collected 

by venipuncture. EDTA blood was collected in pre-cooled tubes on ice, centrifuged at 4000 rpm for 

15 min at 4℃. EDTA plasma and serum aliquots were stored at −80℃ until use. Fasting plasma 

glucose (FPG) was measured by the hexokinase method, SUA and lipid profile containing total 

cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) and low-density 

lipoprotein cholesterol (LDL-C) were measured by the enzymatic method using an Abbott Aeroset 

autoanalyzer. 

  

2.3. Criteria for multiple metabolic risk factors 

According to the diagnosis criteria of MetS by International Diabetes Federation (IDF) in 

2009[5], the comprehensive non-adipose metabolic risk factors included the following items: (1) 

elevated BP: systolic blood pressure (SBP) (≥ 130 mmHg) or diastolic blood pressure (DBP) (≥ 85 

mm Hg), or ongoing antihypertensive medications; (2) elevated FPG: FPG≥ 5.6 mmol/L and/or 

diagnosis of type 2 diabetes, or ongoing anti-diabetic treatment; (3) elevated TG: TG≥ 1.7 mmol/L; 

(4) reduced HDL-C: HDL-C < 1.03 mmol/L in men and HDL-C < 1.29 mmol/L in women. In 

addition, we also enrolled: (5) elevated SUA: SUA > 420 μmol/L according to the diagnosis 

criteria of hyperuricemia in 2000[29]. The people with three or more risks were diagnosed as “high 

metabolic risk population” in present study. 
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2.4. Statistics 

The continuous variables were presented as means and standard deviations (SD), categorical 

variables as counts or percentages. The one-way analysis of variance and the chi-squared test were 

used to compare the baseline characteristics of participants stratified by number of risk factors. To 

determine the optimal cut-off values and compare the ability of the obesity indices for predicting 

multiple metabolic risk factors, the ROC and AUC were obtained using MedCalc v18.2.1 software 

and optimal cut-off values were identified from the maximum Youden index (sensitivity plus 

specificity-1). The Hanley & McNeil method was used to compare the inter-group differences of 

AUC. Another analysis was performed by SPSS 22.0 software. All analyses were two-sided, and 

the difference was statistically significant at P < 0.05. 

 

3. Results 

3.1. Basic characteristics of the objects 

As shown in Table 1, according to the number of metabolic risk factors, subjects were divided 

into non-metabolic risk factor group, low metabolic risk factor group (<3) and high metabolic risk 

factor group (≥3), and the differences of basic characteristics among three groups were analyzed. 

The average age of subjects with high metabolic risk factors was 59.66 (12.57) years old, while the 

people without metabolic risk factors was 48.44 (14.88) years old, and the difference was significant 

(p <0.001). In addition, gender and multiple anthropometric parameters such as BMI, WC, HC, 

WHR, WHtR, BAI, ABSI and BRI were significant differences among three groups (p <0.001). 

Meanwhile, the mean value of anthropometric parameters was increased with the number of 

metabolic risk factors. Moreover, the mean levels of SBP, DBP, FPG, TG, HDL-C, LDL-C, and 

SUA increased with the number of metabolic risk factors, and revealed significant difference among 

multiple groups (p <0.001). In addition, the average values of SBP, FPG and TG reached abnormal 

levels in high metabolic risk factor group, which were 146.58 (19.23), 5.58 (1.52) and 2.91 (2.04), 

respectively. 

3.2. Metabolic risk factors and anthropometric parameters 

Table 2 shows the relationship between the number of metabolic risk factors and the 

anthropometric index. Whether in men or women, the average level of WC, BMI, WHR, WHtR, 

BAI, ABSI and BRI increased with the number of metabolic risk factors. Moreover, BRI in the 

group with high metabolic risk increased significantly when compared with the group without 

metabolic risk factors, and the values in males were 4.23 (1.26) vs. 2.73 (0.84), in females were 4.97 

(1.33) vs. 2.89 (1.01). As shown in Table 2, 2650 subjects (1088 men and 1562 women) had high 

metabolic risk factors (≥3). 

3.3. AUC of anthropometric indices for metabolic risk factors 

Table 3 shows the result of receiver operating characteristic curve (ROC) in different gender, 

and revealed the area under the curve (AUC) for each obesity index to predict multiple metabolic 

risk factors. Among men, WC, BMI, WHR, WHtR, BAI, and BRI had better predictive ability for 
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high TG than other metabolic risk factors, and their AUCs were 0.703, 0.702, 0.675, 0.695, 0.621 

and 0.695, moreover, they also were predictive for high BP, with AUCs of 0.620, 0.621, 0.626, 

0.638, 0.605 and 0.638, respectively. Similarly, WC, BMI, WHR, WHtR, BAI, ABSI, and BRI 

displayed a best predictive ability to high SUA, with AUCs of 0.691, 0.684, 0.656, 0.702, 0.659, 

0.604 and 0.702, respectively. The predictive ability of high TG still exists, and their AUCs were 

0.692, 0.679, 0.670, 0.693, 0.626, 0.607 and 0.693, respectively. In addition, the AUCs of obesity 

parameters for predicting metabolic risk factors were significant (figure 2). 

Table 4 shows that WC, BMI, WHR, and WHtR revealed similar abilities to predict high 

metabolic risk. In the young group (<60 years), the AUCs for men were 0.739, 0.737, 0.725, 0.732, 

for women were 0.732, 0.727, 0.712 and 0.732. However, in the elderly group (≥60 years), WC, 

BMI, WHR, and WHtR were significant in predicting high metabolic risk only for men, and AUCs 

were 0.728, 0.726, 0.703, and 0.726, respectively. At the same time, whether in the males or females, 

BRI were strong for predicting high metabolic risk. The AUC in men was (<60 years: 0.732 vs. ≥60 

years: 0.726), and in women was (<60 years: 0.732 vs. ≥60 years old: 0.677). In addition, the best 

cut-off value predicted by BRI was (<60 years: 3.49 vs. ≥60 years: 3.46) in men and (<60 years: 

3.47 vs. ≥60 years: 3.60) in women. Meanwhile, the sensitivity, specificity and Youden index of 

these obesity-related anthropometric measurements that predicted high metabolic risk factors were 

also shown in table 4. In addition, the differences of predictive ability for high metabolic risk factors 

by anthropometric index were significant (p<0.001) (figure 3). 

4. Discussion 

In this cross-sectional study, we compared two new anthropometric indices (ABSI and BRI) 

with WC, BMI, WHR, WHtR and BRI for their ability to predict multiple metabolic risk factors in 

southeast China. The results indicated that WC, BMI, WHR, WHtR and BRI were able to similarly 

predict high metabolic risk and their predictive abilities were more accurate than BAI and ABSI. 

Moreover, BRI revealed specific predictive ability for elevated BP, elevated TG and elevated SUA. 

Body weight began to attract intense interest when it linked with the development of health 

and disease[18]. Obesity is mainly due to the disproportionate growth of adipose tissue and lean 

body mass. Abdominal obesity played a vital role in MetS and was closely associated with various 

metabolic risk factors[30]. Moreover, the visceral fat (including abdominal, mediastinal and 

epicardial adipose tissue) could produce a lot of compounds that have autocrine, paracrine and 

endocrine activities, which could influence the metabolism and cardiovascular system[31, 32]. To 

the best of our knowledge, metabolic risk factors can not only promote the development of 

cardiovascular diseases, it may also be related to the mortality and incidence of multiple tumors[33, 

34]. Obesity-related indicators are simple, practical, and non-invasive for predicting body fat mass 

and distribution[35]. In addition to the traditional WC, BMI, WHR, WHtR and BAI measurements, 

two new indices ABSI, BRI can effectively discriminate fat and muscle mass[26, 36]. Diego MU et 

al[34]. found that the traditional adiposity measures were better predictor to all-cause and CVD 

mortality risk, the association of BAI with CVD risk factors was relatively stronger than for BMI, 

waist circumference. Meanwhile, the previous results demonstrated that BRI, not ABSI was superior 

measure compared to BMI, WC and WHtR for determining the presence of left ventricular 

hypertrophy (LVH), especially for eccentric LVH[24].  

In our study, the contents of metabolic risk factors mainly included elevated blood pressure 

(BP), elevated fasting plasma glucose (FPG), elevated triglyceride (TG), reduced high-density 
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lipoprotein cholesterol (HDL-C), elevated serum uric acid (SUA). The ability for predicting 

metabolic risk was compared among multiple anthropometric indices. The results revealed a 

significant prediction by obesity-related indices, while the new index of BRI demonstrated excellent 

prediction for high metabolic risk. However, it was notable that the prediction of anthropometric 

indicators for high metabolic risk was more obvious in younger group but not in elder group. The 

findings suggested that BRI was able to similarly predict high metabolic risk compared to WC, BMI, 

WHR and WHtR, while ABSI was not. The previous community-based cross-sectional study was 

conducted with 5,685 elderly Chinese subjects (≥60 years)[25]. They recruited ROC analyses to 

compare the predictive ability as well as determine the optimal cutoff values of the obesity indices 

for multiple metabolic risk factors. According to the areas under the curve (AUC), BMI, WC and 

WHtR were able to similarly predict high metabolic risk in males (0.698 vs. 0.691 vs. 0.688), while 

in females, BMI and WC were able to similarly predict high metabolic risk (0.676 vs. 0.669). In 

addition, they found BMI, WC and WHtR to be more accurate than WHR and BAI for predicting 

multiple metabolic risk factors, meanwhile BMI, WC and WHtR were able to similarly predict the 

high metabolic risk population in males, while WHtR was not in females. There were several 

obvious contradictions between these results and ours. First of all, the results of us shown that the 

obesity-related indicators in the young group were more significant in predicting the high metabolic 

risk, but in the elderly population the predictive ability was obviously insufficient. Moreover, the 

area under the curve (AUC) of anthropometric indices to metabolic risk was more meaningful and 

valuable. There were, however, several limitations of their study. The subjects in this study were all 

Chinese elderly and were from single area of Shanghai that may trigger sample selection bias. 

Secondly, this study only enrolled subjects who had completed the comprehensive health check 

study, which may bias the primary findings. In addition, insufficient sample size may also cause the 

predictive effect to be failed. 

Fortunately, our research included a large sample size that involved multi-regional, multi-aged 

population, which avoided the shortcomings of many previous studies[24, 25, 37, 38]. In addition, 

the study was not only conducted in different gender, the population was divided into young and 

elder groups at the critical value of 60 years old, which effectively avoided the defects of single 

sample and insufficient representativeness. Meanwhile, two new obesity-related indexes ABSI and 

BRI were also included in the comparison of prediction except the traditional WC, BMI, WHR, 

WHtR and BAI. The limitations in the present study should be mentioned. The ABSI was initially 

developed to predict mortality hazard in a prospective study, and we recruited it to predict metabolic 

risk in a cross-sectional study, which may be the main reason why the ABSI failed to display 

superior predictive power. In addition, the two new anthropometric indices were first developed in 

Western countries and America, and should be modified to make them suitable for Chinese 

populations. Second, the study was conducted with rural populations residing in southeast China, 

the unique lifestyle may have influenced the body shape and metabolic indices. Third, although BRI 

improved quantification of body shape and provided a more accurate estimate of total %body fat 

and %visceral adipose tissue (VAT), the calculation of BRI was so complicated that it sacrificed 

simplicity in comparison to BMI which may influence the clinical application. The longitudinal 

relationship between the two new anthropometric indices and metabolic risk should be examined in 

future, meanwhile the multi centers and a larger sample size are needed to identify the association 

of obesity indices with more comprehensive metabolic risk factors. 

In conclusion, the present study indicated that BRI, not ABSI was a superior measure compared 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2020                   



8 

 

to WC, BMI, WHR, WHtR and BAI for determining the presence of metabolic risk, especially for 

high metabolic risk. In addition, BRI induced the strong predictive ability for males with elevated 

TG and females with elevated SUA. 

 

Author Contributions: Y.M.Z.: study concept, plan of analysis and review manuscript. J.J.X.: data 

management, statistical analysis, literature search and review, write-up of the manuscript, and 

revision of the manuscript. Q.W.: data management, assistance with statistical analysis. Z.Q.J.: data 

management. Y.H.Z.: data management. All authors have read and agreed to the published version 

of the manuscript. 

 

Funding: This work was supported by the grants from National Key Research and Development 

Program of China (2017YFC0907004) and Hangzhou Science and Technology Project 

(20171226Y27) 

Conflicts of Interest: The authors declare no conflict of interest. 

Acknowledgments: The funding agencies had no role in the study design, data collection and 

analysis, decision to publish or preparation of the manuscript. The authors wish to thank all 

colleagues and friends who helped them in writing this article. Especially we wish to thank the 

workers of Zhejiang Putuo Hospital for collecting data. We thank the peer reviewers for their 

thorough and helpful review of this manuscript. 

 

Abbreviations: MetS: metabolic syndrome; WC: waist circumference; HC: waist circumference; 

BMI: body mass index; WHR: waist-to-height ratio; WHtR: waist-to-hip ratio; BAI: body adiposity 

index; ABSI: a body shape index; BRI: body roundness index; SBP: systolic blood pressure; DBP: 

diastolic blood pressure; FPG: fasting plasma glucose; TG: triglyceride; HDL-C: high-density 

lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SUA: serum uric acid; BP: 

blood pressure. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2020                   



9 

 

 

References 

 

1. Saklayen, Mohammad G: The Global Epidemic of the Metabolic Syndrome. Current 

Hypertension Reports 2018, 20:12-18. 

2. Akinyemiju T, Moore J, Pisu M, Judd S, Goodman M, Shikany J, Howard VJ, Safford M, 

Gilchrist SC: A Prospective Study of Obesity, Metabolic Health, and Cancer Mortality. 

Obesity 2018, 26:193-212. 

3. Kachur S, Morera R, De AS, Lavie CJ: Cardiovascular Risk in Patients with 

Prehypertension and the Metabolic Syndrome. Current Hypertension Reports 2018, 

20:15-21. 

4. Li W, Song F, Wang X, Wang D, Lu Z: Relationship between metabolic syndrome and 

its components and cardiovascular disease in middle-aged and elderly Chinese 

population: a national cross-sectional survey. BMJ Open 2019, 9:45-50. 

5. Alberti KGMM, Zimmet P, Shaw J: Metabolic syndrome—a new world-wide definition. 

A Consensus Statement from the International Diabetes Federation. Diabetic 

Medicine 2006, 23:469-480. 

6. Sanghera DK, Bejar C, Sharma S, Gupta R, Blackett PR: Obesity genetics and 

cardiometabolic health: Potential for risk prediction. Diabetes, Obesity and 

Metabolism 2019, 21:1088-1100. 

7. Lu J, Wang L, Li M, Xu Y, Ning G: Metabolic Syndrome Among Adults in China: The 

2010 China Noncommunicable Disease Surveillance. J Clin Endocrinol Metab 2016, 

102:507-515. 

8. Sowers JR: Obesity and cardiovascular disease. Clinical Chemistry 2020, 14:8-15. 

9. Matthias, Blüher: Obesity: global epidemiology and pathogenesis. Nature Reviews 

Endocrinology 2019, 12:125-131. 

10. Jian-hua D, Si-yuan T, Nursing So, University CS, Nursing So: Analyzing Body Fat 

Distribution Characteristics and Correlation with Cardiovascular Risk Factors of 

Obese People. Smart Healthcare 2019, 4:23-29. 

11. L BM, Fish DL, B WN, J AJ: Automated Methods for Determination of Fat and Moisture 

in Meat and Poultry Products: Collaborative Study. Journal of the Association of Official 

Analytical Chemists 2020, 13:5-12. 

12. Line, Mærsk, Staunstrup, Henning, Bay, Nielsen, Bente, Klarlund, Pedersen, Morten: 

Cancer risk in relation to body fat distribution, evaluated by DXA-scans, in 

postmenopausal women - the Prospective Epidemiological Risk Factor (PERF) study. 

Scientific Reports 2019, 4:65-60. 

13. Shin K-A, Kim Y-J: Usefulness Of Surrogate Markers Of Body Fat Distribution For 

Predicting Metabolic Syndrome In Middle-Aged And Older Korean Populations. 

Diabetes Metabolic Syndrome & Obesity Targets & Therapy 2019, 12:2251-2259. 

14. Caminha TCS, Ferreira HS, Costa NS, Nakano RP, Assunção ML: Waist-to-height ratio is 

the best anthropometric predictor of hypertension: A population-based study with 

women from a state of northeast of Brazil. Medicine 2017, 96:e5874. 

15. Christian O, Yaa O, Emmanuel A, Odame AE, Emmanuel T, Adu AE, Bright A, Nsenbah BE, 

Peter B: Association of Wrist Circumference and Waist-to-Height Ratio with 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2020                   



10 

 

Cardiometabolic Risk Factors among Type II Diabetics in a Ghanaian Population. 

Journal of Diabetes Research 2018, 18:1-11. 

16. Aguilar-Morales I, Colin-Ramirez E, Rivera-Mancia S, Vallejo M, Vazquez-Antona C: 

Performance of Waist-To-Height Ratio, Waist Circumference, and Body Mass Index 

in Discriminating Cardio-Metabolic Risk Factors in a Sample of School-Aged 

Mexican Children. Nutrients 2018, 10:1850-1855. 

17. Hsieh SD, Muto T, Tsuji H, Arase Y, Murase T: Clustering of other metabolic risk factors 

in subjects with metabolic syndrome. Metabolism 2010, 59:697-702. 

18. Jenkins DA, Bowden J, Robinson HA, Sattar N, Loos RJF, Rutter MK, Sperrin M: Adiposity-

Mortality Relationships in Type 2 Diabetes, Coronary Heart Disease, and Cancer 

Subgroups in the UK Biobank, and Their Modification by Smoking. Diabetes Care 2018, 

41:1878-1886. 

19. Jiang CQ, Xu L, Zhang WS, Jin YL, Zhu F, Cheng KK, Lam TH: Adiposity and mortality in 

older Chinese: an 11-year follow-up of the Guangzhou Biobank Cohort Study. Sci 

Rep 2020, 10:1924-1931. 

20. Moliner-Urdiales D, Artero EG, Lee DC, Espana-Romero V, Sui X, Blair SN: Body adiposity 

index and all-cause and cardiovascular disease mortality in men. Obesity (Silver Spring) 

2013, 21:1870-1876. 

21. Myint PK, Kwok CS, Luben RN, Wareham NJ, Khaw KT: Body fat percentage, body mass 

index and waist-to-hip ratio as predictors of mortality and cardiovascular disease. 

Heart 2014, 100:1613-1619. 

22. Bosy-Westphal A, Geisler C, Onur S, Korth O, Selberg O, Schrezenmeir J, Muller MJ: Value 

of body fat mass vs anthropometric obesity indices in the assessment of metabolic 

risk factors. Int J Obes 2006, 30:475-483. 

23. de Quadros TMB, Gordia AP, Andaki ACR, Mendes EL, Mota J, Silva LR: Utility of 

anthropometric indicators to screen for clustered cardiometabolic risk factors in 

children and adolescents. Journal of Pediatric Endocrinology & Metabolism 2018, 32:49-

55. 

24. Chang Y, Guo X, Li T, Li S, Guo J, Sun Y: A Body Shape Index and Body Roundness Index: 

Two New Body Indices to Identify left Ventricular Hypertrophy among Rural 

Populations in Northeast China. Heart, Lung and Circulation 2016, 25:358-364. 

25. Gu Z, Li D, He H, Wang J, Hu X, Zhang P, Hong Y, Liu B, Zhang L, Ji G: Body mass index, 

waist circumference, and waist-to-height ratio for prediction of multiple metabolic 

risk factors in Chinese elderly population. Scientific Reports 2018, 8:385-388. 

26. Zhang N, Chang Y, Guo X, Chen Y, Ye N, Sun Y: A Body Shape Index and Body 

Roundness Index: Two new body indices for detecting association between obesity 

and hyperuricemia in rural area of China. Eur J Intern Med 2016, 29:32-36. 

27. Fedewa MV, Nickerson BS, Esco MR: Associations of body adiposity index, waist 

circumference, and body mass index in young adults. Clinical Nutrition 2018, 1:62-68. 

28. Geraci G, Zammuto M, Gaetani R, Mattina A, D'Ignoto F, Geraci C, Noto D, Averna M, 

Cottone S, Mule G: Relationship of a Body Shape Index and Body Roundness Index 

with carotid atherosclerosis in arterial hypertension. Nutr Metab Cardiovasc Dis 2019, 

29:822-829. 

29. Khichar S, Choudhary S, Singh VB, Tater P, Ujjawal V: Serum uric acid level as a 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2020                   



11 

 

determinant of the metabolic syndrome: A case control study. Diabetes & Metabolic 

Syndrome Clinical Research & Reviews 2016, 11:19-23. 

30. Kannel WB, Cupples LA, Ramaswami R, Stokes J, 3rd, Kreger BE, Higgins M: Regional 

obesity and risk of cardiovascular disease; the Framingham Study. J Clin Epidemiol 

1991, 44:183-190. 

31. Lee JJ, Pedley A, Hoffmann U, Massaro JM, Levy D, Long MT: Visceral and Intrahepatic 

Fat Are Associated with Cardiometabolic Risk Factors Above Other Ectopic Fat 

Depots: The Framingham Heart Study. Am J Med 2018, 131:684-692. 

32. Kim Y, Wijndaele K, Lee DC, Sharp SJ, Wareham N, Brage S: Independent and joint 

associations of grip strength and adiposity with all-cause and cardiovascular disease 

mortality in 403,199 adults: the UK Biobank study. Am J Clin Nutr 2017, 106:773-782. 

33. Hamer M, Stamatakis E: Metabolically healthy obesity and risk of all-cause and 

cardiovascular disease mortality. J Clin Endocrinol Metab 2012, 97:2482-2488. 

34. Moliner-Urdiales D, Artero EG, Lee DC, Espana-Romero V, Sui X, Blair SN: Body adiposity 

index and all-cause and cardiovascular disease mortality in men. Obesity 2013, 

21:1870-1876. 

35. FDVásquz, CCorvaán, RUauy, JAKan: Anthropometric indicators as predictors of total 

body fat and cardiometabolic risk factors in Chilean children at 4, 7 and 10 years of 

age. European Journal of Clinical Nutrition 2017, 71:536-543. 

36. Bertoli S, Leone A, Krakauer NY, Bedogni G, Battezzati A: Association of Body Shape 

Index (ABSI) with cardio-metabolic risk factors: A cross-sectional study of 6081 

Caucasian adults. Plos One 2017, 12:1850-1856. 

37. Jing, Dong, Si-Si, Wang, Xi, Chu, Zhao, Ying-Zhi, Liang, Yong-Bo: Optimal Cut-off Point 

of Waist to Height Ratio in Beijing and Its Association with Clusters of Metabolic Risk 

Factors. Current Medical Science 2019, 39:330-336. 

38. Suliga E, Ciesla E, Gluszek-Osuch M, Rogula T, Gluszek S, Koziel D: The Usefulness of 

Anthropometric Indices to Identify the Risk of Metabolic Syndrome. Nutrients 2019, 

11:2584-2598. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2020                   



12 

 

 

 

Table 1 Baseline characteristics of study subjects 

Variables N 

Number of components in MetS 

p value None <3 ≥3 

Gender 
    

<0.001 

Male 7226 1785 (38.3%) 4308 (43.3%) 1133 (41.3%) 
 

Female 10134 2876 (61.7%) 5650 (56.7%) 1608 (58.7) 
 

Age (years) 17290 48.44 (14.9) 56.63 (14.1) 59.66 (12.6) <0.001 

Height (cm) 17057 160.69 (7.9) 160.05 (8.3) 159.8 (8.6) <0.001 

Weight (kg) 16995 55.91 (8.7) 59.48 (10.3) 64.2 (10.8) <0.001 

WC (cm) 17018 75.11 (8.4) 80.27 (9.2) 85.8 (8.6) <0.001 

HC (cm) 17022 90.13 (6.1) 92.11 (6.7) 94.72 (6.7) <0.001 

BMI (kg/m2) 16967 21.62 (2.8) 23.15 (3.2) 25.06 (3.1) <0.001 

WHR 17004 0.83 (0.07) 0.87 (0.07) 0.91 (0.06) <0.001 

WHtR 16961 0.47 (0.05) 0.5 (0.06) 0.54 (0.05) <0.001 

BAI 16965 26.4 (3.9) 27.65 (4.2) 29.07 (4.3) <0.001 

ABSI 16878 0.08 (0.005) 0.08 (0.005) 0.08 (0.005) <0.001 

BRI 16961 2.83 (0.9) 3.47 (1.1) 4.15 (1.1) <0.001 

SBP (mmHg) 17359 112.52 (10.2) 133.94 (21.2) 146.58 (19.2) <0.001 

DBP (mmHg) 17359 68.97 (7.9) 79.01 (11.7) 84.64 (11.1) <0.001 

FPG (mmol/L) 17360 4.6 (0.5) 4.93 (1.0) 5.58 (1.5) <0.001 

TG (mmol/L) 17360 0.97 (0.3) 1.52 (1.0) 2.91 (2.0) <0.001 

HDL–C(mmol/L) 17360 1.62 (0.3) 1.5 (4.4) 1.16 (0.3) <0.001 

LDL–C(mmol/L) 17344 2.52 (0.7) 2.76 (0.8) 2.88 (0.8) <0.001 

SUA (μmol/L) 17360 280.96 (65.6) 315.93 (87.9) 377.27 (109.3) <0.001 

Elevated BP 8578 0 6076 (61.0%) 2502 (91.3%) <0.001 

Elevated FPG 2574 0 1374 (13.8%) 1200 (43.8%) <0.001 

Elevated TG 5134 0 2793 (28.0%) 2341 (85.4%) <0.001 

Reduced HDL-C 4506 0 2651 (26.6%) 1855 (67.7%) <0.001 

Elevated SUA 2222 0 1196 (12.0%) 1026 (37.4%) <0.001 

Data are expressed as mean ± standard deviation or counts (percentages). MetS: metabolic syndrome; WC: waist 

circumference; HC: waist circumference; BMI: body mass index; WHR: waist-to-height ratio; WHtR: waist-to-hip 

ratio; BAI: body adiposity index; ABSI: a body shape index; BRI: body roundness index; SBP: systolic blood 

pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; TG: triglyceride; HDL-C: high-density 

lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SUA: serum uric acid; BP: blood pressure. 
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Table 2 Number of metabolic risk factors and anthropometric indices 

 

Number of components in MetS 

0 1 2 3 4 5 ≥3 

Male 1742 2400 1690 810 250 28 1088 

WC 77.17 ± 7.9 80.52 ± 8.5 83.73 ± 8.9 87.45 ± 8.5 89.15 ± 7.4 89.25 ± 8.8 87.89 ± 8.3 

BMI 21.59 ± 2.6 22.71 ± 2.9 23.87 ± 3.1 25.08 ± 3.1 25.6 ± 2.8 26.68 ± 3.3 25.25 ± 3.1 

WHR 0.85 ± 0.06 0.88 ± 0.06 0.9 ± 0.06 0.92 ± 0.06 0.93 ± 0.05 0.94 ± 0.05 0.92 ± 0.05 

WHtR 0.46 ± 0.05 0.48 ± 0.05 0.5 ± 0.05 0.52 ± 0.05 0.54 ± 0.05 0.54 ± 0.06 0.53 ± 0.05 

BAI 23.98 ± 3.1 24.89 ± 3.3 25.72 ± 3.2 26.28 ± 3.2 26.75 ± 3.5 26.98 ± 5.4 26.4 ± 3.4 

ABSI 0.0772 ± 0.005 0.0781 ± 0.005 0.0785 ± 0.005 0.0792 ± 0.004 0.0798 ± 0.004 0.078 ± 0.006 0.0793 ± 0.004 

BRI 2.733 ± 0.9 3.128 ± 0.9 3.49 ± 0.9 3.872 ± 0.9 4.097 ± 0.9 4.232 ± 1.3 3.9341 ± 1.0 

Female 2848 3216 2282 1228 306 28 1562 

WC 73.81 ± 8.4 77.68 ± 9.1 81.14 ± 9.1 83.91 ± 8.4 86.29 ± 8.3 88.69 ± 7.2 84.46 ± 8.5 

BMI 21.67 ± 2.9 22.75 ± 3.1 23.87 ± 3.3 24.79 ± 3.1 25.73 ± 3.3 26.04 ± 2.9 24.99 ± 3.1 

WHR 0.82 ± 0.07 0.85 ± 0.07 0.87 ± 0.07 0.89 ± 0.07 0.9 ± 0.06 0.92 ± 0.06 0.9 ± 0.07 

WHtR 0.47 ± 0.06 0.5 ± 0.06 0.52 ± 0.06 0.54 ± 0.06 0.56 ± 0.06 0.58 ± 0.06 0.54 ± 0.06 

BAI 27.92 ± 3.7 29.08 ± 3.7 30.03 ± 3.9 30.67 ± 3.8 31.6 ± 3.9 32.31 ± 4.8 30.88 ± 3.8 

ABSI 0.076 ± 0.006 0.0778 ± 0.006 0.0787 ± 0.006 0.0794 ± 0.005 0.0798 ± 0.005 0.0814 ± 0.005 0.0795 ± 0.005 

BRI 2.892 ± 1.0 3.419 ± 1.1 3.863 ± 1.2 4.221 ± 1.1 4.552 ± 1.2 4.973 ± 1.3 4.2996 ± 1.2 

Data are expressed as mean ± standard deviation. MetS: metabolic syndrome; WC: waist circumference; BMI: body 

mass index; WHR: waist-to-height ratio; WHtR: waist-to-hip ratio; BAI: body adiposity index; ABSI: a body shape 

index; BRI: body roundness index. 

 

 

Table 3 Area under curves (95% CI) of anthropometric indices for metabolic risk factors 

 
WC BMI WHR WHtR BAI ABSI BRI 

Male 
       

Elevated BP 0.62 (0.61-0.63) ** 0.62 (0.61-0.63) ** 0.63 (0.61-0.64) ** 0.64 (0.63-0.65) ** 0.61 (0.59-0.62) ** 0.58 (0.56-0.59) ** 0.64 (0.63-0.65) ** 

Elevated FPG 0.61 (0.59-0.62) ** 0.62 (0.6-0.64) ** 0.60 (0.58-0.61) ** 0.61 (0.60-0.63) ** 0.59 (0.57-0.61) ** 0.53 (0.51-0.55) ** 0.61 (0.6-0.63) ** 

Elevated TG 0.70 (0.69-0.72) ** 0.70 (0.69-0.72) ** 0.68 (0.66-0.69) ** 0.70 (0.68-0.71) ** 0.62 (0.61-0.64) ** 0.58 (0.57-0.6) ** 0.70 (0.68-0.71) ** 

Reduced HDL-C 0.64 (0.62-0.66) ** 0.64 (0.63-0.66) ** 0.62 (0.61-0.64) ** 0.63 (0.61-0.65) ** 0.57 (0.55-0.58) ** 0.54 (0.52-0.56) ** 0.63 (0.61-0.65) ** 

Elevated SUA 0.62 (0.60-0.63) ** 0.62 (0.61-0.64) ** 0.61 (0.59-0.62) ** 0.61 (0.60-0.63) ** 0.56 (0.55-0.58) ** 0.54 (0.52-0.55) ** 0.61 (0.6-0.63) ** 

Female 
       

Elevated BP 0.65 (0.64-0.66) ** 0.63 (0.62-0.64) ** 0.66 (0.65-0.67) ** 0.67 (0.66-0.68) ** 0.63 (0.62-0.64) ** 0.62 (0.61-0.63) ** 0.67 (0.66-0.68) ** 

Elevated FPG 0.61 (0.60-0.63) ** 0.61 (0.59-0.62) ** 0.58 (0.56-0.59) ** 0.61 (0.59-0.62) ** 0.58 (0.57-0.60) ** 0.55 (0.53-0.56) ** 0.61 (0.59-0.62) ** 

Elevated TG 0.69 (0.68-0.70) ** 0.68 (0.67-0.69) ** 0.67 (0.66-0.68) ** 0.69 (0.68-0.70) ** 0.63 (0.62-0.64) ** 0.61 (0.6-0.62) ** 0.69 (0.68-0.70) ** 

Reduced HDL-C 0.62 (0.61-0.63) ** 0.62 (0.61-0.63) ** 0.63 (0.62-0.64) ** 0.62 (0.61-0.63) ** 0.55 (0.54-0.57) ** 0.55 (0.54-0.56) ** 0.62 (0.61-0.63) ** 

Elevated SUA 0.69 (0.66-0.72) ** 0.68 (0.66-0.71) ** 0.66 (0.63-0.69) ** 0.70 (0.68-0.73) ** 0.66 (0.63-0.69) ** 0.60 (0.58-0.63) ** 0.70 (0.68-0.73) ** 

**P value < 0.001. 
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Table 4 AUC, optimal cut-off values, sensitivity, specificity and Youden index of anthropometric 

indices to predict the high metabolic risk population 

 
< 60 years ≥ 60 years 

 
AUC (95%CI) Cut-off value Sensitivity  Specificity  Youden index AUC (95%CI) Cut-off value Sensitivity  Specificity  Youden index 

Male 
          

WC 0.74 (0.72~0.76) ** 84.45 0.71  0.66  0.36 0.73 (0.70~0.75) ** 84.75 0.65  0.71  0.36 

BMI 0.74 (0.72~0.76) ** 24.04 0.72  0.67  0.39 0.73 (0.70~0.75) ** 23.24 0.70  0.63  0.34 

WHR 0.73 (0.71~0.75) ** 0.88 0.80  0.54  0.33 0.70 (0.68~0.73) ** 0.9 0.71  0.61  0.32 

WHtR 0.73 (0.71~0.75) ** 0.51 0.65  0.69  0.34 0.73 (0.70~0.75) ** 0.51 0.67  0.67  0.35 

BAI 0.63 (0.61~0.66) ** 25.12 0.61  0.58  0.19 0.64 (0.61~0.67) ** 25.24 0.69  0.53  0.22 

ABSI 0.61 (0.58~0.63) ** 0.08 0.68  0.50  0.19 0.60 (0.57~0.62) ** 0.08 0.51  0.67  0.18 

BRI 0.73 (0.71~0.75) ** 3.49 0.65  0.69  0.34 0.73 (0.70~0.75) ** 3.46 0.72  0.63  0.35 

Female 
          

WC 0.73 (0.71~0.75) ** 78.9 0.76  0.60  0.36 0.69 (0.67~0.71) ** 78.85 0.77  0.51  0.28 

BMI 0.73 (0.71~0.75) ** 22.94 0.78  0.56  0.35 0.70 (0.67~0.71) ** 23.73 0.62  0.65  0.28 

WHR 0.71 (0.69~0.73) ** 0.85 0.73  0.60  0.33 0.65 (0.63~0.67) ** 0.88 0.66  0.57  0.23 

WHtR 0.73 (0.71~0.75) ** 0.51 0.71  0.64  0.35 0.68 (0.66~0.70) ** 0.51 0.77  0.51  0.28 

BAI 0.64 (0.62~0.66) ** 27.89 0.76  0.44  0.21 0.61 (0.59~0.64) ** 30.99 0.51  0.67  0.17 

ABSI 0.62 (0.59~0.64) ** 0.0763 0.63  0.56  0.18 0.55 (0.53~0.57) ** 0.0781 0.71  0.39  0.1 

BRI 0.73 (0.71~0.75) ** 3.47 0.71  0.64  0.35 0.68 (0.66~0.70) ** 3.6 0.77  0.51  0.28 

**P value < 0.001. 

 

Figure legends 

 

Figure 1 Flowchart of inclusion criteria for participants in this study 
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Figure 2 ROC curves of anthropometric indices to predict multi metabolic risk factors   

 

 

Figure 3 ROC curves of anthropometric indices to predict high metabolic risk population 

(a) ROC curves in males within young (<60 years old) group 

(b) ROC curves in males within elder (≥60 years old) group 

(c) ROC curves in females within young (<60 years old) group 

(d) ROC curves in females within elder (≥60 years old) group 
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