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Abstract

:

The associations between visceral adiposity index (VAI), body shape index and diabetes in adults were inconsistent. We assessed the predictive capacity of VAI and body shape index for diabetes by comparing them with body mass index (BMI) and waist circumference (WC). We used the data of 5838 Chinese men and women aged ≥18 years from the 2009 China Health and Nutrition Survey. Multivariate logistic regression analysis was performed to examine the independent associations between Chinese VAI (CVAI) or body shape index and diabetes. The predictive power of the two indices was assessed using the receiver-operating characteristic (ROC) curve analysis, and compared with those of BMI and WC. Both CVAI and body shape index were positively associated with diabetes. The odds ratios for diabetes were 4.9 (2.9–8.1) and 1.8 (1.2–2.8) in men, and 14.2 (5.3–38.2) and 2.0 (1.3–3.1) in women for the highest quartile of CVAI and body shape index, respectively. The area under the ROC (AUC) and Youden index for CVAI was the highest among all four obesity indicators, whereas BMI and WC are better indicators for diabetes screening. Higher CVAI and body shape index scores are independently associated with diabetes risk. CVAI has a higher overall diabetes diagnostic ability than BMI, WC and body shape index in Chinese adults. BMI and WC, however, are more appealing as screening indicators considering their easy use.
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1. Introduction


Diabetes mellitus (DM) has become a major worldwide public health burden in the past decade, especially in developing countries [1]. The China national Diabetes and Metabolic Disorders Study reported prevalence of diabetes was 9.7% among adults in 2010 [2,3]. This increased trend of DM is concurrent with rising rate of obesity in China, and excessive body fat has been proven to be a crucial pathogenic factor for insulin resistance [4]. Excessive body fat disposed in the ectopic tissue, such as visceral adiposity tissue (VAT), may cause dysfunctional adiposity and it plays a vicious role in metabolic diseases [5]. In addition, body fat distribution is related to metabolic disturbances and metabolic disorders [6]. Thus, knowing the ability to predict the visceral adiposity index for diabetes risk is greatly needed.



Body mass index (BMI), widely used since the early 1990s worldwide for classifying overweight and obesity, as well as studying obesity associated risks, provides reliable information concerning body weight excess, but does not differentiate fat from lean mass [7,8,9]. Waist circumference (WC) is a simple anthropometric parameter for abdominal adiposity and it reflects visceral obesity better than BMI [10]. It is a better indicator of obesity associated risks for DM, as shown by our research [11,12], though it has limitations in distinguishing VAT from subcutaneous fat mass [13]. The magnetic resonance imaging (MRI) and computed tomography (CT) are considered the gold standard for body fat determination, but they were less recommended in routine clinical practice due to their unavailability.



The VAI, which is comprised of anthropometric measures like BMI, WC and clinical measures of serum triglycerides (TG) and high-density lipoprotein-cholesterol (HDL-C) levels, was shown to be a better surrogate index than these single anthropometric indices in predicting insulin resistant-related metabolic disorders [14,15]. However, evaluating the predicting performance of VAI, which was developed for Caucasians, on people who have diabetes in Chinese population may lead to inaccurate results [16,17]. Meanwhile, a body shape index (ABSI), which encompasses waist circumference and BMI, particularly depicts fat distribution [18,19], and was shown to be a reliable index of body fat accumulation. However, there is little research on this in China [20].



Therefore, we hypothesize that non-invasive, clinically measurable surrogates could be useful in identifying body fat distribution and help predict diabetes risk. We aim to examine the associations between these two indicators and diabetes risk, and to investigate their performance in identifying diabetes compared with BMI and WC in Chinese adults.




2. Materials and Methods


2.1. Study Design and Population


Data collected in the 2009 China Health and Nutrition Survey (CHNS) was used in this study. The CHNS is an ongoing, open, multipurpose household based cohort study since 1989. It adapts a multistage random-cluster sampling process and is conducted in 9 provinces (Liaoning, Heilongjiang, Shandong, Jiangsu, Henan, Hubei, Hunan, Guangxi and Guizhou), which covers approximately 56% of China’s population. It was designed to represent a large set of the population, varying significantly in geography, economic development, public resources and health status. More detailed information about the CHNS has been described elsewhere [21]. The CHNS was approved by the institutional review committee of the University of North Carolina at Chapel Hill and Chinese Center for Disease Control and Prevention. All participants were required to provide written informed consents before their participation.



Using CHNS data, we assessed the associations between the two indicators and diabetes risk, since fasting blood samples were collected initially in 2009 and the biochemical data collected in 2015 is unavailable currently. A structured questionnaire was used to obtain information on sex, age and lifestyle behaviors. Participants aged ≥18 years and without missing information on physical examination and biochemical measurements were included. Exclusion criteria included pregnancy and no information on age, sex and lifestyle behavior indicators. Ultimately, a total number of 5838 adults with anthropometry and clinical examination information were included in the analysis (Figure S1).




2.2. Definition of Key Study Outcome DM


DM was defined as having FPG ≥ 7.0 mmol/L, HbA1c ≥ 6.5%, previous diagnosis of DM, or use of antidiabetic medications. Of the 5838 subjects, 482 (8.3%) had DM.




2.3. Anthropometry and Biochemical Measurements


Weight (kg) and height (m) were measured according to standard methods, and body mass index (BMI) was calculated as weight/height squared (kg/m2). WC was measured to the nearest 0.1 cm at the middle point between the bottom of the rib cage and the uppermost border of the iliac crests at the end of exhalation in standing positions with an inelastic tape. Standard mercury sphygmomanometers were used to measure blood pressure by trained investigator at three different consecutive times at 3–5 min intervals on one visit. All physical examinations were performed following the same protocol at each study visit and study site.




2.4. Biochemical Measurements


Blood was collected from the participants after an at least 8 h overnight fast. The whole blood was centrifuged immediately after collection, and plasma and serum samples were then frozen and stored at −87 °C for future analysis. Samples for fasting plasma glucose (FPG) and glycated hemoglobin (HbA1c) measurements were tested immediately. Serum glucose was measured by the glucose oxidase phenol 4-aminoantipyrine peroxidase (GOD-PAP) methods with a Hitachi 7600 analyzer (Hitachi, Tokyo, Japan). Whole blood HbA1c was measured with a high-performance liquid chromatography system (model HLC-723 G7, Tosoh Corporation, Tokyo, Japan). Fasting insulin concentration was tested using the radioimmunology assay (Gamma counter XH-6020, Xi’an, China). Lipids including total cholesterol (TC), Total triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and HDL-C, as well as uric acid, were measured using a biochemical auto-analyzer (Hitachi 7600 automated analyzer, Tokyo, Japan). Hypersensitive C-reactive protein (hs-CRP) was determined by the immunoturbidimetric method.



The VAI score was calculated using the specific formula for Chinese population [22]:


Males: CVAI = −267.93 + 0.68 × age + 0.03 × BMI + 4.00 × WC + 22.00 × log10(TG) − 16.32 × HDL












Females: CVAI = −187.32 + 1.71 × age + 4.23 × BMI + 1.12 × WC + 39.76 × log10(TG) − 11.66 × HDL.









ABSI was calculated as WC/(BMI2/3 × height1/2) and expressed in m11/6kg−2/3 [19]. The homeostasis model assessment of insulin resistance (HOMA-IR) was estimated as HOMA-IR = Fasting glucose (mmol/L) × fasting insulin (μIU/mL)/22.5 [23].




2.5. Statistical Analysis


Descriptive analyses were presented on the basis of gender-specific quartiles of CVAI and ABSI scores in order to control for the well-known sexual dimorphism in body composition. The characteristics were presented as mean (SD) and median with interquartile range (25–75%) given in parentheses for normalized continuous and skewed variables. Categorical variables were expressed as numbers and percentages. One-way analysis of variance (ANOVA) or the Mann–Whitney U-test was used for comparisons of quantitative variables among groups. Chi-squared test was performed to assess differences in proportions across groups. Partial correlations between two anthropometric indices and metabolic parameters adjusting for age and sex were evaluated with Pearson’s/Spearman’s correlation analysis.



Multivariable logistic regression models were performed to estimate the odds ratios (ORs) and 95% confident interval (95% CI) of DM associated with these two indices in four models for men and women, respectively. Receiver operating characteristic (ROC) curve analyses were used to compare the diagnostic performance of CVAI and ABSI as compared with BMI and WC for DM risk. A user written command cutpt was used to calculate the Youden index [24,25].



All statistical analyses were conducted using Stata software (version 15.0). A two-tailed statistical measure was used with a p-value of less than 0.05 is considered significant.





3. Results


3.1. Characteristics of the Study Population Classified According to the CVAI Quartiles


Subject characteristics are shown in Table 1. For both men and women, there were significant dose-response relationships of CVAI with all variables including clinical indicators and anthropometry indices (p < 0.001), with the exception of current drinking. A higher proportion of current smoking was found in women with higher CVAI, whereas the proportion decreased in men. HDL-C was inversely associated with elevated CVAI scores in men and women (both p < 0.001). The proportion of both men and women increased progressively with increasing CVAI scores.




3.2. Characteristics of the Study Population Grouped by ABSI Levels


In both genders, subjects with higher ABSI presented with higher waist circumference, blood pressure, fasting blood glucose and HbA1c (all p < 0.001). There were no significant differences for HDL-C, blood insulin and the percentages of current smoking and drinking among ABSI quartile groups in both men and women. Age, BMI, LDL-C and uric acid were gradually increased across the quartiles in women only. Both men and women had the increased prevalence of diabetes with increasing quartiles of ABSI scores (Table 2).




3.3. Partial Correlation Analysis with Metabolic Variables


Table 3 shows CVAI positively correlated with FPG, blood insulin, HbA1c, lipid profiles and uric acid (all p < 0.001), and negatively with HDL-C after adjusting for age and sex. The correlation between ASBI and the metabolic indicators showed similar patterns, but the correlation coefficients were smaller than correlation with CVAI.




3.4. ORs of CVAI or ABSI with Risk of Diabetes


Multivariable logistic regression models showed that the ORs for diabetes increased with elevated quartiles of the CVAI or ABSI score for both men and women in all four models (Table 4). The independent association of CVAI or ABSI with diabetes was stronger in women than in men, although the cut-point for CVAI and ABSI quartiles was higher in men than in women. The age-adjusted associations (OR, 95% CI) with diabetes for the second, third and fourth CVAI quartiles in men were 2.0 (1.2–3.5), 2.6 (1.5–4.3) and 5.9 (3.6–9.6), in comparison with the first quartile (Model 1). The corresponding figures were 3.6 (1.3–9.7), 10.5 (4.1–27.1) and 22.6 (8.7–58.9) for women, respectively. Significant associations were found for diabetes with the third and fourth ABSI quartiles in all subjects. These association estimators were basically unchanged after additionally adjusting for lifestyle behavior factors and economic status (Model 2). After additional adjusting for blood pressure and inflammatory biomarkers, the OR increased by about 10% (Model 3 and Model 4).




3.5. Receiver-Operating Characteristic (ROC) Curve Analysis and Optimum Thresholds for Anthropometric Indices


Among all the 4 anthropometric indices, CVAI had the highest AUC values for diabetes in men (AUC = 0.729, 95% CI 0.696–0.762) and in women (AUC = 0.794, 95% CI 0.767–0.818). ABSI had the lowest AUC values in both sexes (men: AUC 0.679, 95% CI 0.552–0.721; women: AUC 0.761, 95% CI 0.735–0.787). The diagnostic performance of CVAI is similar with waist circumference in Chinese subjects (Figure 1). Table 5 shows the sensitivity, specificity and corresponding optimal cut-off values of each index for identifying diabetes by gender. CVAI had the highest Youden index values for identifying diabetes in men (0.36) and in women (0.50); the optimal CVAI cut-off was 107.27 in men and 88.15 in women.





4. Discussion


This study assessed the associations of the Chinese visceral adiposity index (CVAI) and body shape index (ABSI)—two indicators of adiposity distribution and function—with DM risks among adult Chinese people. We found graded positive associations of CVAI and ABSI scores with diabetes risks in both men and women. Partial correlation analysis found that the CVAI and ABSI were independently related to insulin resistance and lipid profiles. We also showed that the CVAI is superior to ABSI, BMI and waist circumference in predicting diabetes in both genders.



Increase in the prevalence of obesity and physical inactivity was concurrent with a tripling in diabetes incidence and other metabolic diseases over the past few decades in China [26]. Of the many obesity phenotypes, visceral obesity/fat is more metabolically deleterious than general obesity or subcutaneous fat, and it has been proposed as a marker of adiposity dysfunctional and ectopic fat deposition, which in turn leads to lipotoxicity and insulin resistance. Given that quantitating visceral adipose using CT or MRI is not feasible in large cohort studies and daily investigation, some simple clinical anthropometric indices such as WC and WHtR were used as surrogate indices of visceral adiposity to identify metabolic diseases. However, these classic anthropometric indices have the common shortcoming of their inability to take metabolic measures into consideration, and thus are not robust in various populations.



The present study adopted a developed indicator of visceral adiposity for the Chinese population, which is reliable for evaluating metabolic risk [27] and highest discriminatory power for dysglycemia in male and females. Consistent with other studies [22,28], our results showed that the CVAI score is associated with diabetes risk and is a good clinical index for prediction of visceral fat dysfunction. The associations of obesity indicators, including BMI and WC, with incident diabetes in multiethnic populations worldwide have been confirmed by several meta-analysis studies by the significant pooled estimates of the relative risk [29,30]. In our study, the CVAI score was highly correlated to and behaved slightly better in diabetes prediction than BMI and WC in Chinese adults by means of a higher AUC and an overall differentiating ability. Thus, CVAI is a useful clinical obesity indictor for diabetes risk when biospecimen data are available.



Previously, ABSI was developed base on the US National Health and Nutrition Examination Survey (NHANES) 1999–2004 data, which included several ethnicities like Mexican, other Hispanic, white, black, or other. For a given height and weight, ABSI is suitable for reflecting VAT [31]; however, subsequent research revealed conflicting results regarding its predictability for chronic diseases and mortality [31,32,33]. A study conducted in Dutch adults showed that ABSI was not a suitable index to identify CVD or CVD risk factors [34]. ABSI was not a better predictor of diabetes, hypertension or dyslipidaemia than WC or BMI in Japanese adults [35]. By contrast, Zhao and colleagues [18] recently indicated that ABSI had a better predictive ability than BMI in predicting diabetes in Han Chinese people in Northeast China. In agreement with previous studies [31,36,37], our study indicates that ABSI may not be a better predictor of diabetes than BMI or WC.



Furthermore, we incorporate types of staple foods into the analysis to examine the reason of conflicting findings with Zhao et al. People living the North China mainly consume wheat products. After re-analyzed the ROC separately by rice/wheat intake, our results showed that ABSI had a better predictive ability than BMI in men whose staple food is rice (results not reported), which is consistent with Zhao’s findings that ABSI is better than BMI in predicting diabetes in the Northeast Chinese population.



Interestingly, our study showed that increasing CVAI scores associated stronger with diabetes in women than men, whereas the ABSI had comparable predicting of diabetes risk in men and women. The explanations for these issues remain to be elucidated, and this may be related to gender differences in patterns of visceral fat deposition and regional adipose tissue distribution [38]. The mechanisms by which visceral adiposity can lead to diabetes may be different in men versus women. Besides, age is a well-established risk factor for diabetes, and women in the 4th CVAI quartile had a higher age than men in this group, hence diabetes risk may be partly explained by age and other related unfavorable traits. We think CVAI and ABSI serve as markers of diabetes risk for both men and women, but women should pay more attention to their visceral fat deposition.



Our results showed that both CVAI and ABSI indicate close correlations with lipid levels, insulin resistance and inflammation in both men and women (p < 0.01). In addition, all four anthropometric indices exhibited the capability to identify individuals with diabetes (all AUC > 0.5 for all), and CVAI together with ABSI are strong and independent risk factors for diabetes (all ORs > 1). However, CVAI demonstrated the strongest prediction ability (AUC = 0.729 in men and 0.794 in women) among all anthropometric indices and ABSI had the weakest association with diabetes risk in both men and women. This might be because CVAI serve as a strong surrogate marker of visceral adiposity dysfunction, while ABSI, similar to BMI and WC, does not differentiate excess central adiposity in Chinese adults. Despite a high AUC value, CVAI has the lowest sensitivity among all the obesity indicators in both genders. It might not be the best indicator for the screening of diabetes.



The cutoffs for BMI and WC in predicting risk of T2DM in Chinese adults remain controversial. In response to WHO’s recommendations on the cutoff values for public health action for Asians, the Working Group on Obesity in China (WGOC) suggested that BMI ≥ 24 signifies overweight in Chinese population [39]. In the present study, the optimal cut-off values for Chinese men and women were found to be approximately BMI = 25 and 23, and 88.0 and 85.0 cm for WC, respectively. The current recommended cutoffs regarding central obesity in China are WC ≥ 90 cm for men and WC ≥ 90 for women. Compared with WGOC definitions and WC recommendations, our data observed a similar cutoff value for WC in women, but a lower value in men, and a sex difference for BMI. However, these results need be interpreted with caution because these cutoffs were based on data collected in a sample of 2433 men and 3320 women aged 52 ± 14 from 9 provinces in China.



Our study has several limitations. First, the cross-sectional data analyses cannot make causal inferences regarding the relationships between CVAI or ABSI and DM risks. Second, no direct measure of insulin resistance was done, and we were unable to directly assess the association of CVAI/ABSI with insulin resistance. Third, data on 2 h postprandial glucose was unavailable, which might lead to the underdiagnoses of some diabetic subjects. Key strengths of the study include that the data set provide rich related measures and a large sample allows us to assess the various associations and the predicting power of a set of indices.




5. Conclusions


In conclusion, our study indicated that both CVAI and ABSI are strong and independent risk factors for diabetes among Chinese adults. Superior to that of the BMI, WC and ABSI, CVAI demonstrates the best predictive power for metabolic disorders based on the Youden index in both genders. However, for the diabetes screening purpose, BMI and WC are better indicators than CVAI considering their higher sensitivity and accessibility and easy use in different settings, including by the public.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6643/11/7/1580/s1, Figure S1: Flowchart of selection process for the data included in this analysis.





Author Contributions


J.W. and Z.S. conceived and designed the study; J.W. and H.X. analyzed the data; J.W., Y.W. and Z.S. interpreted the results; J.W. prepared the manuscript, X.L., Y.W. and Z.S. revised the manuscript, J.W. had primary responsibility for final content. All authors read and approved the final manuscript.




Funding


Part of this research was funded by Chinese Medical Board (No.16-262).




Acknowledgments


We thank the National Institute of Nutrition and Food Safety, China Center of Disease Control and Prevention, and the Carolina Population Center at University of North Carolina at Chapel Hill for making the data available. Part of Youfa Wang and Wei’s efforts were supported by a research grant from the US-based Chinese Medical Board (No.16-262). We also thank Phil Clayton for his comments on the data analysis.




Conflicts of Interest


The authors declare no conflict of interest, and the funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Hossain, P.; Kawar, B.; El Nahas, M. Obesity and diabetes in the developing world—A growing challenge. N. Engl. J. Med. 2007, 356, 213–215. [Google Scholar] [CrossRef] [PubMed]

	



Yang, W.; Lu, J.; Weng, J.; Jia, W.; Ji, L.; Xiao, J.; Shan, Z.; Liu, J.; Tian, H.; Ji, Q.; et al. Prevalence of diabetes among men and women in China. N. Engl. J. Med. 2010, 362, 1090–1101. [Google Scholar] [CrossRef] [PubMed]

	



Xu, Y.; Wang, L.; He, J.; Bi, Y.; Li, M.; Wang, T.; Wang, L.; Jiang, Y.; Dai, M.; Lu, J.; et al. Prevalence and control of diabetes in Chinese adults. JAMA 2013, 310, 948–959. [Google Scholar] [CrossRef] [PubMed]

	



Caprio, S.; Perry, R.; Kursawe, R. Adolescent Obesity and Insulin Resistance: Roles of Ectopic Fat Accumulation and Adipose Inflammation. Gastroenterology 2017, 152, 1638–1646. [Google Scholar] [CrossRef] [PubMed]

	



Hwang, Y.C.; Hayashi, T.; Fujimoto, W.Y.; Kahn, S.E.; Leonetti, D.L.; McNeely, M.J.; Boyko, E.J. Visceral abdominal fat accumulation predicts the conversion of metabolically healthy obese subjects to an unhealthy phenotype. Int. J. Obes. (Lond.) 2015, 39, 1365–1370. [Google Scholar] [CrossRef] [PubMed]

	



Yun, C.H.; Bezerra, H.G.; Wu, T.H.; Yang, F.S.; Liu, C.C.; Wu, Y.J.; Kuo, J.Y.; Hung, C.L.; Lee, J.J.; Hou, C.J.; et al. The normal limits, subclinical significance, related metabolic derangements and distinct biological effects of body site-specific adiposity in relatively healthy population. PLoS ONE 2013, 8, e61997. [Google Scholar] [CrossRef] [PubMed]

	



Okorodudu, D.O.; Jumean, M.F.; Montori, V.M.; Romero-Corral, A.; Somers, V.K.; Erwin, P.J.; Lopez-Jimenez, F. Diagnostic performance of body mass index to identify obesity as defined by body adiposity: A systematic review and meta-analysis. Int. J. Obes. (Lond.) 2010, 34, 791–799. [Google Scholar] [CrossRef] [PubMed]

	



Thomas, D.M.; Bredlau, C.; Bosy-Westphal, A.; Mueller, M.; Shen, W.; Gallagher, D.; Maeda, Y.; McDougall, A.; Peterson, C.M.; Ravussin, E.; et al. Relationships between body roundness with body fat and visceral adipose tissue emerging from a new geometrical model. Obesity (Silver Spring) 2013, 21, 2264–2271. [Google Scholar] [CrossRef]

	



Nevill, A.M.; Stewart, A.D.; Olds, T.; Holder, R. Relationship between adiposity and body size reveals limitations of BMI. Am. J. Phys. Anthropol. 2006, 129, 151–156. [Google Scholar] [CrossRef]

	



Nazare, J.A.; Smith, J.; Borel, A.L.; Aschner, P.; Barter, P.; Van Gaal, L.; Tan, C.E.; Wittchen, H.U.; Matsuzawa, Y.; Kadowaki, T.; et al. Usefulness of measuring both body mass index and waist circumference for the estimation of visceral adiposity and related cardiometabolic risk profile (from the INSPIRE ME IAA study). Am. J. Cardiol. 2015, 115, 307–315. [Google Scholar] [CrossRef]

	



Wang, Y.; Rimm, E.B.; Stampfer, M.J.; Willett, W.C.; Hu, F.B. Comparison of abdominal adiposity and overall obesity in predicting risk of type 2 diabetes among men. Am. J. Clin. Nutr. 2005, 81, 555–563. [Google Scholar] [CrossRef] [PubMed]

	



Koh-Banerjee, P.; Wang, Y.; Hu, F.B.; Spiegelman, D.; Willett, W.C.; Rimm, E.B. Changes in body weight and body fat distribution as risk factors for clinical diabetes in US men. Am. J. Epidemiol. 2004, 159, 1150–1159. [Google Scholar] [CrossRef] [PubMed]

	



Pouliot, M.C.; Despres, J.P.; Lemieux, S.; Moorjani, S.; Bouchard, C.; Tremblay, A.; Nadeau, A.; Lupien, P.J. Waist circumference and abdominal sagittal diameter: Best simple anthropometric indexes of abdominal visceral adipose tissue accumulation and related cardiovascular risk in men and women. Am. J. Cardiol. 1994, 73, 460–468. [Google Scholar] [CrossRef]

	



Oh, J.Y.; Sung, Y.A.; Lee, H.J. The visceral adiposity index as a predictor of insulin resistance in young women with polycystic ovary syndrome. Obesity (Silver Spring) 2013, 21, 1690–1694. [Google Scholar] [CrossRef] [PubMed]

	



Amato, M.C.; Giordano, C.; Galia, M.; Criscimanna, A.; Vitabile, S.; Midiri, M.; Galluzzo, A. AlkaMeSy Study Group. Visceral Adiposity Index: A reliable indicator of visceral fat function associated with cardiometabolic risk. Diabetes Care 2010, 33, 920–922. [Google Scholar] [CrossRef]

	



Liu, P.J.; Ma, F.; Lou, H.P.; Chen, Y. Visceral Adiposity Index Is Associated with Pre-Diabetes and Type 2 Diabetes Mellitus in Chinese Adults Aged 20–50. Ann. Nutr. Metab. 2016, 68, 235–243. [Google Scholar] [CrossRef]

	



Du, T.; Sun, X.; Huo, R.; Yu, X. Visceral adiposity index, hypertriglyceridemic waist and risk of diabetes: The China Health and Nutrition Survey 2009. Int. J. Obes. (Lond.) 2014, 38, 840–847. [Google Scholar] [CrossRef]

	



Zhao, Q.; Zhang, K.; Li, Y.; Zhen, Q.; Shi, J.; Yu, Y.; Tao, Y.; Cheng, Y.; Liu, Y. Capacity of a body shape index and body roundness index to identify diabetes mellitus in Han Chinese people in Northeast China: A cross-sectional study. Diabet. Med. 2018, 35, 1580–1587. [Google Scholar] [CrossRef]

	



Krakauer, N.Y.; Krakauer, J.C. A new body shape index predicts mortality hazard independently of body mass index. PLoS ONE 2012, 7, e39504. [Google Scholar] [CrossRef]

	



Ji, M.; Zhang, S.; An, R. Effectiveness of A Body Shape Index (ABSI) in predicting chronic diseases and mortality: A systematic review and meta-analysis. Obes. Rev. 2018, 19, 737–759. [Google Scholar] [CrossRef]

	



Zhang, B.; Zhai, F.Y.; Du, S.F.; Popkin, B.M. The China Health and Nutrition Survey, 1989–2011. Obes. Rev. 2014, 15 (Suppl. 1), 2–7. [Google Scholar] [CrossRef] [PubMed]

	



Wu, J.; Gong, L.; Li, Q.; Hu, J.; Zhang, S.; Wang, Y.; Zhou, H.S.; Yang, S.; Wang, Z. A Novel Visceral Adiposity Index for Prediction of Type 2 Diabetes and Pre-diabetes in Chinese adults: A 5-year prospective study. Sci. Rep. 2017, 7, 13784. [Google Scholar] [CrossRef] [PubMed]

	



Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419. [Google Scholar] [CrossRef] [PubMed]

	



Fluss, R.; Faraggi, D.; Reiser, B. Estimation of the Youden Index and its associated cutoff point. Biom. J. 2005, 47, 458–472. [Google Scholar] [CrossRef] [PubMed]

	



Liu, X. Classification accuracy and cut point selection. Stat. Med. 2012, 31, 2676–2686. [Google Scholar] [CrossRef] [PubMed]

	



Ma, R.C.; Lin, X.; Jia, W. Causes of type 2 diabetes in China. Lancet Diabetes Endocrinol. 2014, 2, 980–991. [Google Scholar] [CrossRef]

	



Xia, M.F.; Chen, Y.; Lin, H.D.; Ma, H.; Li, X.-M.; Aleteng, Q.; Li, Q.; Wang, D.Q.; Hu, Y.X.; Pan, B.-S.; et al. An indicator of visceral adipose dysfunction to evaluate metabolic health in adult Chinese. Sci. Rep. 2016, 6, 38214. [Google Scholar] [CrossRef]

	



Xia, M.F.; Lin, H.D.; Chen, L.Y.; Wu, L.; Ma, H.; Li, Q.; Aleteng, Q.; Chen, Y.; Sun, Y.X.; Hu, Y.; et al. Association of visceral adiposity and its longitudinal increase with the risk of diabetes in Chinese adults: A prospective cohort study. Diabetes Metab. Res. Rev. 2018, 34, e3048. [Google Scholar] [CrossRef]

	



Vazquez, G.; Duval, S.; Jacobs, D.R., Jr.; Silventoinen, K. Comparison of body mass index, waist circumference, and waist/hip ratio in predicting incident diabetes: A meta-analysis. Epidemiol. Rev. 2007, 29, 115–128. [Google Scholar] [CrossRef]

	



Hartemink, N.; Boshuizen, H.C.; Nagelkerke, N.J.; Jacobs, M.A.; van Houwelingen, H.C. Combining risk estimates from observational studies with different exposure cutpoints: A meta-analysis on body mass index and diabetes type 2. Am. J. Epidemiol. 2006, 163, 1042–1052. [Google Scholar] [CrossRef]

	



He, S.; Chen, X. Could the new body shape index predict the new onset of diabetes mellitus in the Chinese population? PLoS ONE 2013, 8, e50573. [Google Scholar] [CrossRef] [PubMed]

	



Song, X.; Jousilahti, P.; Stehouwer, C.D.A.; Söderberg, S.; Onat, A.; Laatikainen, T.; Yudkin, J.S.; Dankner, R.; Morris, R.; Tuomilehto, J.; et al. Cardiovascular and all-cause mortality in relation to various anthropometric measures of obesity in Europeans. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 295–304. [Google Scholar] [CrossRef] [PubMed]

	



He, S.; Zheng, Y.; Wang, H.; Chen, X. Assessing the relationship between a body shape index and mortality in a group of middle-aged men. Clin. Nutr. 2017, 36, 1355–1359. [Google Scholar] [CrossRef] [PubMed]

	



Maessen, M.F.; Eijsvogels, T.M.; Verheggen, R.J.; Hopman, M.T.; Verbeek, A.L.; de Vegt, F. Entering a new era of body indices: The feasibility of a body shape index and body roundness index to identify cardiovascular health status. PLoS ONE 2014, 9, e107212. [Google Scholar] [CrossRef] [PubMed]

	



Fujita, M.; Sato, Y.; Nagashima, K.; Takahashi, S.; Hata, A. Predictive power of a body shape index for development of diabetes, hypertension, and dyslipidemia in Japanese adults: A retrospective cohort study. PLoS ONE 2015, 10, e0128972. [Google Scholar] [CrossRef]

	



Chang, Y.; Guo, X.; Chen, Y.; Guo, L.; Li, Z.; Yu, S.; Yang, H.; Sun, Y. A body shape index and body roundness index: Two new body indices to identify diabetes mellitus among rural populations in northeast China. BMC Public Health 2015, 15, 794. [Google Scholar] [CrossRef]

	



Wang, H.; Liu, A.; Zhao, T.; Gong, X.; Pang, T.; Zhou, Y.; Xiao, Y.; Yan, Y.; Fan, C.; Teng, W.; et al. Comparison of anthropometric indices for predicting the risk of metabolic syndrome and its components in Chinese adults: A prospective, longitudinal study. BMJ Open 2017, 7, e016062. [Google Scholar] [CrossRef]

	



Kahn, H.S.; Cheng, Y.J. Longitudinal changes in BMI and in an index estimating excess lipids among white and black adults in the United States. Int. J. Obes. (Lond.) 2008, 32, 136–143. [Google Scholar] [CrossRef]

	



Zhou, B.F. Cooperative Meta-Analysis Group of the Working Group on Obesity in C. Predictive values of body mass index and waist circumference for risk factors of certain related diseases in Chinese adults—Study on optimal cut-off points of body mass index and waist circumference in Chinese adults. Biomed. Environ. Sci. 2002, 15, 83–96. [Google Scholar]








[image: Nutrients 11 01580 g001 550]





Figure 1. The ROC curves of CVAI, ABSI, BMI and WC for diabetes among men (A) and women (B) in China. ROC, receiver-operating characteristic; CVAI, Chinese visceral adiposity index; ABSI, a body shape index; BMI, body mass index; WC, waist circumference; AUCs, area under curves. AUCs were 0.729 and 0.794 for diagnosis of diabetes for men and women, respectively, and this is significantly better than ABSI, BMI and WC in Chinese adults (All p < 0.01). 
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Table 1. Demographic and clinical characteristics of study participants (n = 5838) across Chinese visceral adiposity index (CVAI) quartiles in China.
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Men

	
Women




	

	
Q1(<57)

	
Q2(57–89)

	
Q3(89–122)

	
Q4(≥122)

	
p-Value

	
Q1(<48)

	
Q2(48–79)

	
Q3(79–109)

	
Q4(≥109)

	
p-Value




	

	
n = 623

	
n = 606

	
n = 621

	
n = 613

	

	
n = 838

	
n = 851

	
n = 828

	
n = 858

	






	
Age, years

	
49.2 (15.7)

	
52.6 (13.8)

	
55.6 (12.9)

	
56.6 (12.7)

	
<0.001

	
36.3 (9.9)

	
49.0 (10.4)

	
56.0 (10.9)

	
63.6 (10.5)

	
<0.001




	
BMI, Kg/m2

	
20.7 (7.3)

	
22.6 (2.8)

	
24.2 (2.6)

	
27.3 (3.8)

	
<0.001

	
20.6 (2.2)

	
22.4 (2.5)

	
24.2 (2.8)

	
26.7 (3.5)

	
<0.001




	
SBP, mm Hg

	
121.1 (16.3)

	
125.3 (16.0)

	
128.9 (17.5)

	
134.4 (18.5)

	
<0.001

	
109.8 (12.0)

	
120.4 (15.8)

	
127.6 (19.4)

	
136.8 (20.0)

	
<0.001




	
DBP, mm Hg

	
77.7 (10.4)

	
80.3 (10.2)

	
82.8 (10.6)

	
86.7 (10.8)

	
<0.001

	
72.4 (8.6)

	
77.8 (9.7)

	
80.8 (11.2)

	
83.8 (11.5)

	
<0.001




	
WC, cm

	
72.7 (5.9)

	
81.6 (3.4)

	
87.8 (3.3)

	
97.8 (5.8)

	
<0.001

	
72.1 (7.0)

	
78.8 (6.7)

	
84.0 (7.2)

	
92.0 (8.7)

	
<0.001




	
WHtR

	
0.45 (0.06)

	
0.49 (0.02)

	
0.53 (0.02)

	
0.58 (0.03)

	
<0.001

	
0.46 (0.04)

	
0.51 (0.04)

	
0.54 (0.04)

	
0.60 (0.06)

	
<0.001




	
WHR

	
0.83 (0.06)

	
0.88 (0.05)

	
0.91 (0.05)

	
0.95 (0.06)

	
<0.001

	
0.81 (0.06)

	
0.86 (0.10)

	
0.89 (0.10)

	
0.92 (0.26)

	
<0.001




	
TC mmol/L

	
4.6 (0.9)

	
4.8 (0.9)

	
4.9 (1.0)

	
5.1 (1.0)

	
<0.001

	
4.4 (0.9)

	
4.9 (1.0)

	
5.1 (1.0)

	
5.4 (1.0)

	
<0.001




	
Total triglycerides, mmol/L

	
0.9 (0.7–1.3)

	
1.2 (0.8–1.8)

	
1.5 (1.0–2.2)

	
2.1 (1.4–3.1)

	
<0.001

	
0.8 (0.6–1.1)

	
1.1 (0.8–1.6)

	
1.4 (1.0–1.9)

	
2.0 (1.4–2.8)

	
<0.001




	
HDL-C, mmol/L

	
1.6 (0.5)

	
1.4 (0.4)

	
1.3 (0.3)

	
1.2 (0.3)

	
<0.001

	
1.7 (0.6)

	
1.5 (0.4)

	
1.5 (0.3)

	
1.3 (0.3)

	
<0.001




	
LDL-C mmol/L

	
2.8 (1.1)

	
3.0 (0.8)

	
3.1 (1.0)

	
3.1 (1.0)

	
<0.001

	
2.6 (0.7)

	
3.1 (0.9)

	
3.3 (1.0)

	
3.3 (1.0)

	
<0.001




	
HbA1c, %

	
5.4 (0.8)

	
5.6 (0.9)

	
5.7 (1.0)

	
6.0 (1.1)

	
<0.001

	
5.3 (1.0)

	
5.5 (0.6)

	
5.7 (0.8)

	
6.0 (1.0)

	
<0.001




	
HbA1c, mmol/L

	
35.8 (8.5)

	
37.6 (9.3)

	
38.6 (10.5)

	
42.1 (11.7)

	
<0.001

	
34.4 (10.7)

	
36.3 (6.8)

	
38.7 (9.0)

	
42.4 (11.4)

	
<0.001




	
Glucose, mmol/L

	
5.2 (1.2)

	
5.4 (1.4)

	
5.6 (1.6)

	
6.1 (2.1)

	
<0.001

	
4.9 (0.6)

	
5.2 (0.9)

	
5.5 (1.4)

	
6.0 (1.8)

	
<0.001




	
Insulin, μU/mL

	
8.44(6.00–11.87)

	
9.18(6.44–13.30)

	
10.90 (7.64–15.09)

	
13.70 (9.58–20.58)

	
<0.001

	
8.98 (6.74–12.34)

	
10.10 (7.28–13.96)

	
10.87 (7.77–15.70)

	
13.53 (9.37–20.52)

	
<0.001




	
HOMA-IR

	
1.88 (1.27–2.66)

	
2.12 (1.42–3.11)

	
2.58 (1.74–3.78)

	
3.41 (2.28–5.60)

	
<0.001

	
1.97 (1.41–2.70)

	
2.27 (1.62–3.20)

	
2.53 (1.74–3.94)

	
3.36 (2.18–5.64)

	
<0.001




	
QUICKI

	
2.09 (1.99–2.20)

	
2.11 (2.00–2.22)

	
2.09 (2.00–2.21)

	
2.11 (2.01–2.26)

	
0.015

	
2.04 (1.95–2.15)

	
2.07 (1.98–2.17)

	
2.09 (2.00–2.19)

	
2.11 (2.01–2.24)

	
<0.001




	
hs-CRP, mg/L

	
1.0 (0.0–2.0)

	
1.0 (0.0–2.0)

	
1.0 (1.0–3.0)

	
2.0 (1.0–3.0)

	
<0.001

	
0.0 (0.0–1.0)

	
1.0 (0.0–2.0)

	
1.0 (1.0–3.0)

	
2.0 (1.0–4.0)

	
<0.001




	
Uric acid, mg/L

	
326.2 (89.2)

	
339.0 (118.7)

	
357.9 (116.3)

	
395.8 (119.3)

	
<0.001

	
230.7 (58.7)

	
249.2 (67.8)

	
271.3 (72.2)

	
314.4 (87.1)

	
<0.001




	
Current smoking

	
385 (61.8%)

	
343 (56.6%)

	
332 (53.5%)

	
304 (49.6%)

	
<0.001

	
5 (0.6%)

	
18 (2.1%)

	
29 (3.5%)

	
43 (5.0%)

	
<0.001




	
Current drinking

	
349 (56.0%)

	
358 (59.1%)

	
382 (61.5%)

	
359 (58.6%)

	
0.27

	
87 (10.4%)

	
87 (10.2%)

	
66 (8.0%)

	
74 (8.6%)

	
0.24




	
DM

	
21 (3.4%)

	
43 (7.1%)

	
58 (9.3%)