

[image: image1]
Body Roundness Index and Waist–Hip Ratio Result in Better Cardiovascular Disease Risk Stratification: Results From a Large Chinese Cross-Sectional Study












	
	ORIGINAL RESEARCH
published: 10 March 2022
doi: 10.3389/fnut.2022.801582






[image: image2]

Body Roundness Index and Waist–Hip Ratio Result in Better Cardiovascular Disease Risk Stratification: Results From a Large Chinese Cross-Sectional Study

Ying Li1, Yongmei He2, Lin Yang3,4, Qingqi Liu5, Chao Li6, Yaqin Wang1, Pingting Yang1, Jiangang Wang1, Zhiheng Chen1 and Xin Huang7*


1Department of Health Management, The Third Xiangya Hospital, Central South University, Changsha, China

2Department of Health Management, Aerospace Center Hospital, Beijing, China

3Department of Cancer Epidemiology and Prevention Research, Cancer Care Alberta, Alberta Health Services, Calgary, AB, Canada

4Departments of Oncology and Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, AB, Canada

5Department of Biostatistics, Bioinformatics and Biomathematics, Georgetown University, Washington, DC, United States

6Hunan Key Laboratory for Bioanalysis of Complex Matrix Samples, Changsha, China

7Department of Epidemiology, School of Medicine, Hunan Normal University, Changsha, China

Edited by:
Leila Itani, Beirut Arab University, Lebanon

Reviewed by:
Sergio Rico Martín, University of Extremadura, Spain
 Núbia Morais, Universidade Federal de Viçosa, Brazil

*Correspondence: Xin Huang, xin.huang@hunnu.edu.cn

Specialty section: This article was submitted to Nutritional Epidemiology, a section of the journal Frontiers in Nutrition

Received: 25 October 2021
 Accepted: 04 February 2022
 Published: 10 March 2022

Citation: Li Y, He Y, Yang L, Liu Q, Li C, Wang Y, Yang P, Wang J, Chen Z and Huang X (2022) Body Roundness Index and Waist–Hip Ratio Result in Better Cardiovascular Disease Risk Stratification: Results From a Large Chinese Cross-Sectional Study. Front. Nutr. 9:801582. doi: 10.3389/fnut.2022.801582



Background: The appropriate optimal anthropometric indices and their thresholds within each BMI category for predicting those at a high risk of cardiovascular disease risk factors (CVDRFs) among the Chinese are still under dispute.

Objectives: We aimed to identify the best indicators of CVDRFs and the optimal threshold within each BMI category among the Chinese.

Methods: Between 2012 and 2020, a total of 500,090 participants were surveyed in Hunan, China. Six anthropometric indices including waist circumference (WC), a body shape index (ABSI), body roundness index (BRI), waist–hip ratio (WHR), hip circumference (HC), and waist–height ratio (WHtR) were evaluated in the present study. Considered CVDRFs included dyslipidaemia, hypertension, diabetes mellitus (DM), and chronic kidney disease (CKD). The associations of anthropometrics with CVDRFs within each BMI category were evaluated through logistic regression models. The area under the receiver operating characteristic curve (AUROC) was used to assess the predictive abilities.

Results: For the presence of at least one CVDRFs, the WHR had the highest AUROC in overweight [0.641 (95%CI:0.638, 0.644)] and obese [0.616 (95%CI:0.609, 0.623)] men. BRI had the highest AUROC in underweight [0.649 (95%CI:0.629, 0.670)] and normal weight [0.686 (95%CI:0.683, 0.690)] men. However, the BRI had the highest discrimination ability among women in all the BMI categories, with AUROC ranging from 0.641 to 0.727. In most cases, the discriminatory ability of WHtR was similar to BRI and was easier to calculate; therefore, thresholds of BRI, WHR, and WHtR for CVDRFs identification were all calculated. In men, BRI thresholds of 1.8, 3.0, 3.9, and 5.0, WHtR thresholds of 0.41, 0.48, 0.53, and 0.58, and WHR thresholds of 0.81, 0.88, 0.92, and 0.95 were identified as optimal thresholds across underweight, normal weight, overweight, and obese populations, respectively. The corresponding BRI values in women were 1.9, 2.9, 4.0, and 5.2, respectively, and WHtR were 0.41, 0.48, 0.54, and 0.59, while the WHR values were 0.77, 0.83, 0.88, and 0.90. The recommended BRI, WHtR, or WHR cut-offs could not statistically differentiate high-risk CKD or hypercholesterolemia populations.

Conclusions: We found that BRI and WHR were superior to other indices for predicting CVD risk factors, except CKD or hypercholesterolemia, among the Chinese.
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INTRODUCTION

Obesity is one of the most serious public health problems in the world. Obesity and adiposity undoubtedly increase the risk of chronic diseases, such as hypertension, diabetes, coronary heart disease, liver cirrhosis, certain types of cancer, poor mental health, and premature death (1–7). There is an unprecedented interest in discovering useful indicators of obesity and adiposity to identify chronic disease risk. As anthropometric measures are simple, inexpensive, and noninvasive tools to assess body weight and shape, a number of studies have focused on proposing better measurement and calculation methods to predict chronic disease risk and mortality (8–10).

Body mass index (BMI), defined as weight in kilograms divided by height in meters squared (kg/m2), has been the most widely adopted weight-related anthropometric measure in the past decade. However, the predictive ability of BMI is limited, as it does not differentiate fat from lean mass or consider the distribution of adipose tissue (11, 12). In recent years, several alternative anthropometric adiposity measurements, such as waist circumference (WC), hip circumstance (HC), waist–height ratio (WHtR), and waist–hip ratio (WHR), which focus on abdominal adiposity, have been identified as useful weight-related anthropometric measures to predict the risk of type 2 diabetes (13), cardiovascular disease (CVD) (14, 15), and all-cause mortality (16). Along with the effort of designing and testing alternative anthropometric measures, two new indices that standardize WC for height and BMI, known as the body shape index (ABSI) and body roundness index (BRI), have been proposed. Previous studies indicated that BRI is a good predictor of metabolic syndrome in both sexes in populations of various nationalities and ethnic groups, including the Chinese population (17). BRI and ABSI have a discriminatory power for hypertension in adult women and men from different populations, although BRI was a significantly better predictor of hypertension than ABSI (18). Unfortunately, until now, the best indicator of these diseases has remained unclear, especially in the Chinese population.

Furthermore, at present, there is no evidence to suggest that the current WC thresholds are the optimal cut-offs within a given BMI category. Indeed, these cut-offs may not provide adequate discrimination of CVD risk. For example, few normal weight individuals have WC values above the cut-offs, whereas almost all obese individuals have WC values exceeding these thresholds (19, 20). Moreover, a study indicated that BMI category-specific WC thresholds may refine the severe liver disease risk more accurately than traditional thresholds in UK (21). Thus, the International Atherosclerosis Society (IAS) and International Chair on Cardiometabolic Risk (ICCR) Working Group on Visceral Obesity suggested refining WC threshold values for a given BMI category in 2020 (22). With the exception of WC, some studies have illustrated the association between other adiposity anthropometric indices and chronic disease risk in each BMI category. An Iranian study indicated that WHtR has a different ability to predict hypertension in each BMI category (23). Meanwhile, ABSI achieves better mortality risk stratification of abdominal obesity in different BMI categories in European populations, which suggests complementary BMI and enables efficient risk stratification, which could facilitate personalization of screening, treatment, and monitoring (24). However, with the exception of WC, insufficient evidence has illustrated the association between other adiposity anthropometric indices and chronic disease risk in each BMI category.

This study focused on comparing the predictive value of six anthropometric indices for cardiovascular disease risk factors (CVDRFs) and then identified the best indicators of CVDRFs in each BMI category in a large-scale population. Furthermore, we aimed to identify the optimal threshold within each BMI category for predicting those at a high risk of CVDRFs in the Chinese population.



METHODS


Study Population

Between 2012 and 2020, more than 0.7 million individuals from a mixed urban and rural area who visited health management centers for annual health check-ups in Hunan were enrolled in our cross-sectional study. The participants had a diverse socioeconomic background (public services employees, workers, self-employed persons, farmers, and others) and signed informed consent forms. Our survey was approved by the Ethics Committee of the Third Xiangya Hospital.

All enrolled participants had undergone a routine clinical examination and completed questionnaires. Age, sex, smoking history, alcohol consumption, current medication use, and previous medical diagnoses were recorded. Individuals with missing data or unreasonable values for age, height, weight, WC, or hip circumference (HC) were excluded. Those without any data on blood pressure, serum glucose, lipids, or creatinine were further excluded. Finally, a total of 500,090 participants were left for analysis (Figure 1).


[image: Figure 1]
FIGURE 1. Enrollment flowchart.




Anthropometric Measurements and Indices

Anthropometric measurements, including body weight (Wt), height (Ht), WC, and HC, were obtained by trained physicians. Body weight (kg) and height (m) were measured with the individuals barefooted and wearing light clothes using an intelligent ultrasonic height and weight meter (SK-X80, Shuangjia Limited, Shanghai, China) with a resolution of 0.1 kg and 0.001 m. WC was measured midway between the lower rib margin and the iliac crest (25, 26). The HC was measured in the maximum circumference of the buttocks. In addition to BMI, an index of general adiposity, other anthropometric indices considered in our analyses included four abdominal adiposity indices (WC, ABSI, BRI, and WHR) and two gluteofemoral adiposity indices (HC and WHtR). The calculation of the indices is described below, with the relevant reference (27, 28) cited at the end of each formula:
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In the above formula, Ht, WC, and HC are in meters, and Wt is in kilograms. The original ABSI values (27) are <0.1, and in the present study, the ABSI was multiplied by 1,000, resulting in a number of WC orders of magnitude, which would be more intuitive to use than the original values.



Definition of CVDRFs

The CVDRFs considered in our study included dyslipidaemia, hypertension, diabetes mellitus (DM), and chronic kidney disease (CKD). Dyslipidaemia was defined as serum total cholesterol (TC) >6.22 mmol/L (240 mg/dL), total triglycerides (TGs) >1.69 mmol/L (150 mg/dL), and/or the use of lipid-lowering medications. Dyslipidaemia was further classified into three subtypes: hypercholesterolemia (elevated TC and normal TGs) and hypertriglyceridemia [elevated TGs, normal TC, and mixed hyperlipidaemia (elevated TGs and TC)] (29). Hypertension was defined as elevated blood pressure (systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg) or the use of antihypertensive medications (30). DM was defined as fasting plasma glucose (FPG) ≥ 7 mmol/L (126 mg/dL) and/or treatment for diabetes (31). CKD was defined as kidney damage (albumin-to-creatinine ratio >30 mg/g) or estimated glomerular filtration rate (eGFR) (based on CKD-EPI equation) <60 mL/min/1.73 m2 (32, 33).



Statistical Analysis

According to BMI value, participants were categorized into four categories: underweight (<18.5 kg/m2), normal weight (18.5– <24 kg/m2), overweight (24– <28 kg/m2), and obese (≥28 kg/m2). We analyzed the data by sex and BMI category. Continuous variables are expressed as the means and standard deviations (SDs), categorical variables are expressed as the number of cases and percentages, and differences among different BMI groups were tested by analysis of variance (ANOVA) and the Chi-square test. The Cochran–Armitage linear trend test will be further performed when prevalence shows a trend association with BMI. The correlations between obesity indices were examined with partial Pearson correlation coefficients (r), adjusted for age. To explore whether establishing an anthropometric index for each category of BMI could enable better CVDRFs recognition, we compared anthropometric indices in three steps, as described below. First, the exposure level of each anthropometric index was classified into quartiles < Q1, Q1– < Q2, Q2– < Q3, and ≥Q3. The odds ratios (ORs) and their 95% confidence intervals (CIs) of the presence of CVDRFs according to higher anthropometric index exposure compared with the lowest quartile of each anthropometric index were calculated within each BMI category by multivariate logistic regression models controlling for age, smoking, and alcohol consumption status. Second, we used the area under the receiver operating characteristic curve (AUROC) and 95% CIs to assess the capacity of each anthropometric measure to identify CVDRFs, and the Delong test was used to compare the area under different index curves. Third, the indices with the highest and most significant AUROCs for identifying most of the CVD risk factors were selected, and the optimal cut-off value for each CVD risk factor was determined by Youden's index. After additionally considering the distribution of the selected index, only one cut-off value for each sex and BMI category was determined as the recommended value. Finally, adjusted ORs were calculated for high index exposure and risk of CVDRFs within each BMI category using logistic regression models as described for the first step above by categorizing participants with a high index (≥ recommended cut-off) as having exposure and with a low index (< recommended cut-off) as without exposure. A two-sided p < 0.05 was considered statistically significant. SAS version 9.4 (SAS Institute Inc) was used for analyses.




RESULTS


General Characteristics of Study Participants

A total of 500,090 participants aged 20–99 who met our inclusion criteria between 2012 and 2020 in Hunan were enrolled in our study. Participant characteristics and waist and hip indices are summarized by sex and BMI category in Table 1. There were 6,813; 1,104; 4,973; 4,928; and 7,218 subjects without enough data for the determination of dyslipidaemia, hypertension, DM, CKD, and at least one risk factor, respectively (Figure 1). The mean BMI was 24.99 ± 3.13 kg/m2 for men and 22.49 ± 3.00 kg/m2 for women. Only 3.78% men and 7.81% women had WCs above the WHO cut-offs (102 cm for men and 88 cm for women). WHR was above the high-risk WHO cut-offs (0.90 for men; 0.85 for women) in 54.46% of men and only 33.01% of women. Participants within the higher BMI category were more likely to have hypertriglyceridemia, mixed hyperlipidaemia, dyslipidaemia, hypertension, DM, and at least one CVDRF (P fortrend <0.001). However, among men, those with a higher BMI were less likely to have CKD (P fortrend < 0.001). The distribution of anthropometric indices by sex and BMI category among the Hunan Chinese participants is shown in Supplementary Figure S1. The correlations between anthropometric indices are listed in Figure 2. Briefly, the abdominal adiposity indices, except the ABSI (r < 0.15), were strongly correlated with BMI (r > 0.75). The two gluteofemoral adiposity indices, HC and WHR, were strongly (r > 0.75) and moderately (r ≈ 0.60) correlated with BMI, respectively. In women, age had a significant moderate to weak positive correlation with anthropometric indices (r between 0.16 and 0.52, p < 0.001); however, in men, the correlation became weaker (r between 0.01 and 0.37, p < 0.001), and the HC became a weak negative correlation (r = −0.12, p < 0.001).


Table 1. Characteristics of selected participants by different gender and BMI category.
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FIGURE 2. Correlation between anthropometric indices among Chinese. The p-value in all cells was < 0.001; correlations between each of the two anthropometric indices were partial Pearson correlation with adjustment for age, and correlations between age and each of the anthropometric indices were Pearson correlation; BMI, body mass index; WC, waist circumstance; WHtR, waist height ratio; ABSI, a body shape index; BRI, body round index; HC, hip circumstance; WHR, waist hip ratio.




Associations of Six Anthropometric Indices With CVDRFs

Figure 3 and Supplementary Figures S2–S5 show the associations of six anthropometric indices with at least one CVDRF, and each component of CVDRFs studied in the present research by sex and BMI category. Basically, among all the BMI categories, linear positive associations between WC, WHtR, ABSI, BRI, and WHR exposure and dyslipidaemia, hypertension, DM, and at least one CVDRF were observed. CKD was significantly associated with these five indices only among men with normal weight.


[image: Figure 3]
FIGURE 3. Association between with at least one CVD risk factor and six anthropometric indices among Chinese. Association was adjusted for age, smoking, and drinking status and index at < Q1 level was treated as non-exposed; Q1, first quartile, the 25th percentile; Q2: second quartile, median; Q3, third quartile, the 75th percentile; WC, waist circumstance; WHtR, waist height ratio; ABSI, a body shape index; BRI, body round index; HC, hip circumstance; WHR, waist hip ratio.


The ORs of HC exposure for risk of CVDRFs varied between different sex and BMI categories. Among obese individuals, HC exhibited a “U” -shaped association with dyslipidaemia, hypertension, diabetes, and at least one CVDRF. Among the overweight and underweight individuals, the higher the HC, the lower the risk of hypertension, DM, and presence of at least one CVDRF. In the normal-weight group, increasing trends were observed in the association between HC and dyslipidaemia and the presence of at least one CVDRF.

The subtypes of dyslipidaemia showed different associations with anthropometric indices by BMI category. Hypertriglyceridemia was linearly positively associated with WC, WHtR, ABSI, BRI, and WHR exposure among the overall sample, regardless of BMI. Mixed hyperlipidaemia showed the same positive linear trends with those five indices among the normal weight, overweight, and obese groups. However, among underweight individuals, “U” -shaped associations were found for mixed hyperlipidaemia and the five exposure indices. For the hypercholesterolemia subtype, the higher the WC, WHtR, ABSI, or BRI, the lower the risk among overweight individuals. Among the normal weight and overweight groups, a nonlinear association was found. Moreover, among underweight women, hypercholesterolemia was positively associated with WHtR and BRI exposure.



ROC Curve of Six Anthropometric Indices for the Identification of CVDRFs

To identify the index with the best discriminatory ability for CVDRFs identification, we compared all the AUROCs of different indicators within different sex and BMI categories (Table 2). The capabilities of six anthropometric indices for identifying each CVDRFs were significantly different (p < 0.05). Generally, the identifying capabilities for each CVDRFs component among overweight and obese individuals were lower than those among normal or underweight individuals. In addition, the BRI and WHtR had similar discrimination abilities, and they alternately had the highest AUROC values with WHR in identifying CVDRFs.


Table 2. Capacity for identifying CVD associated risk factors by using waist and hip indices within each BMI category among Chinese.
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Specifically, for the identification of the presence of at least one CVDRF, WHR had the highest AUROC values in overweight [0.641 (95%CI:0.638, 0.644)] and obese [0.616 (95%CI:0.609, 0.623)] men. On the other hand, BRI had the highest AUROC value in underweight [0.649 (95%CI:0.629, 0.670)] and normal weight [0.686 (95%CI:0.683, 0.690)] men. For the discrimination of any one CVDRF, there was no statistical difference between BRI and WHtR in underweight men, and similarly no statistical difference between BRI and WHtR and WHR in normal men (p > 0.05) (Table 2 and Figure 4). Among the women, BRI had the highest discrimination ability in all BMI categories, with AUROC ranging from 0.641 to 0.727. In overweight and obese women, WHR had a nonstatistically significant discriminatory ability with BRI, while WHtR was similar to BRI in the underweight and obese population (p > 0.05) (Table 2 and Figure 4).
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FIGURE 4. Comparison on area under curves for diagnosing with any one of the CVD risk factors between different waist and hip indices within each BMI category. Comparison on the area under different indices curves was based on Delong test; $ mean that AUROC of those indices were similar to each other (P > 0.05) for identifying with any one of CVD risk factors within the specific BMI category, and meanwhile their AUROC were the highest in the six anthropometric indices (P < 0.05). AUROC, area under receiver operator curves; ROC, receiver operator curves; BMI, body mass index; WC, waist circumstance; WHtR, waist height ratio; ABSI, a body shape index; BRI, body round index; HC, hip circumstance; WHR, waist hip ratio.


All six indices had very weak discriminatory ability for hypercholesterolemia and hypertriglyceridemia. For hypercholesterolemia identification in the overweight and obese, the AUROC values were significant but close to 0.5, which might be of little clinical meaning. In the underweight and normal weight population (Table 2 and Supplementary Figure S6), all the indices had improved hypercholesterolemia identification ability, and BRI had the highest stable and statistically significant AUROC values ranging from 0.557 to 0.637 compared to other indices. WHtR had a discriminatory ability not significantly different from that of BRI except for underweight women. For hypertriglyceridemia (Table 2 and Supplementary Figure S7), WHR had the best discriminatory ability in all populations except for normal-weight men, with AUROC values ranging from 0.526 to 0.706. WC had the best discriminatory ability in normal-weight male population (AUROC = 0.638 (95%: 0.635, 0.642)). The ability of WHR to identify mixed hyperlipidaemia was similar to that for hypercholesterolemia, which also had the highest discriminatory power in all populations, except for normal-weight women, with AUROC values ranging from 0.544 to 0.756 (Table 2 and Supplementary Figure S8). Moreover, the BRI had the best discriminatory ability for mixed subtype identification in normal-weight women [AUROC = 0.749 (95%: 0.742, 0.756)]. For dyslipidaemia identification (Table 2 and Supplementary Figure S9), WHR had the best ability in all men and obese/overweight women, with AUROC values ranging from 0.558 to 0.655, and BRI had the best discriminatory ability in underweight and normal-weight female populations (AUROC = 0.661 (95%: 0.640, 0.681) and 0.708 (95%: 0.705, 0.711), respectively).

Compared to other indicators, the BRI had the highest significant discriminatory ability for hypertension (Table 2 and Supplementary Figure S10) and CKD identification (Table 2 and Supplementary Figure S11) in all populations. AUROC values ranged from 0.605 to 0.748 and 0.664 to 0.771, respectively.

For DM identification (Table 2 and Supplementary Figure S12), WHR had the best discriminatory ability in the normal and overweight population, obese men and underweight women with AUROC values ranging from 0.646 to 0.730; on the other hand, BRI had the highest AUROC in underweight men and obese women [AUROC = 0.689 (95%: 0.634, 0.744) and 0.665 (95%: 0.648, 0.681), respectively].



BRI, WHtR, and WHR Threshold Development

Since the BRI and WHR alternately had the highest discriminatory ability for CVDRFs identification, the optimal BMI-specific BRI and WHR thresholds for each CVDRFs are listed in Supplementary Table S1. Considering that WHtR had a similar discriminatory ability to BRI in most cases and was easier to calculate, the optimal BMI-specific WHtR threshold is also listed in Supplementary Table S1. Generally, the optimal BRI, WHtR, and WHR thresholds were higher in men than in women, except in the underweight population. The optimal threshold for CKD identification was always the highest among those of all the studied CVDRFs. As the cut-off value increased, the sensitivity increased and the specificity decreased. After balancing the sensitivity and specificity, the identification of most CVDRFs, only one cut-off value for each sex, and BMI category was determined as the recommended value and is listed in Table 3. In males, BRI thresholds of 1.8, 3.0, 3.9, and 5.0, WHtR thresholds of 0.41, 0.48, 0.53, and 0.58, and WHR thresholds of 0.81, 0.88, 0.92, and 0.95 were identified as optimal thresholds across the normal weight, overweight, and obese populations, respectively (Table 3). The corresponding BRI cut-off values in women were 1.9, 2.9, 4.0, and 5.2 respectively, and WHtR were 0.41, 0.48, 0.54, and 0.59, whereas the WHR values were 0.77, 0.83, 0.88, and 0.90. To make the use of BRI more feasible, we plotted the BRI chart for high-risk CVDRF identification based on the recommended cut-offs (Supplementary Figures S13, S14).


Table 3. Suggested BMI-specific BRI, WHtR, and WHR thresholds and their capacities for identifying participants with CVD associated risk among the Chinese.
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By using BRI BMI-specific cut-offs (Table 3) to create high-risk and low-risk exposed status, we found that persons with high BRI exposure in each BMI category showed 19% to 180% significantly higher risk of hypertriglyceridemia, mixed hyperlipidaemia, dyslipidaemia, hypertension, DM, or presence of with at least one CVDRF than the corresponding low-BRI group (Table 4). When using BMI-specific cut-offs for WHtR or WHR (Table 3), a discrimination ability similar to that of BRI was found. Compared to the low WHtR group, those with high WHtR had an 18–175% increased risk of hypertriglyceridemia, mixed hyperlipidemia, dyslipidemia, hypertension, DM, or at least one CVDRF, whereas those with high WHR had a 15–333% increased risk of the above compared to low WHR (Table 4). However, the recommended BRI, WHtR, or WHR BMI-specific cut-offs could not significantly identify the high-risk CKD or hypercholesterolemia population (Table 4). Furthermore, stratification analysis was conducted to test the influence of age on those associations. In the underweight, no significant interaction was found between age and anthropometric indices (p > 0.05). However, compared to the 20–39 or 40–59 aged nonunderweight group, significant but slightly lower ORs were observed in the 60 or over-aged group (p < 0.05) (Supplementary Table S2).


Table 4. Adjusted odds ratios for high BRI, high WHtR, high WHR, and CVD risk factors within each BMI category among Chinese*.
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DISCUSSION

In this cross-sectional study, we compared six noninvasive, low-cost, and easily calculated anthropometric measures, including WC, HC, WHtR, WHR, ABSI, and BRI for their ability to predict CVD risk factors in different BMI categories. In general, our results showed that the new anthropometric index ABSI was not suitable for identifying CVD risk, while BRI and WHR were superior to other anthropometric measures for determining the presence of CVDRFs.

Body mass index has been used as a representative index in studies on obesity and related diseases in the past decade. However, BMI is not considered to be related to the detrimental influence of intraabdominal fat on mortality and morbidity, especially in Asian individuals, who may exhibit a “normal” BMI but have a disproportionately large intraabdominal fat region (34); thus, adiposity indices have been suggested as alternative obesity indices that can modulate the limitations of BMI. Recently, a systematic review (10) indicated that independent of overall adiposity, all indices of central fatness, including WC, WHR, WHtR, and ABSI, were positively and significantly associated with a higher all-cause mortality risk. The summary hazard ratios were as follows: WC (10 cm increase): 1.11 (1.08–1.13); WHR (0.12 unit increase): 1.20 (1.15–1.25); WHtR (0.1 unit increase): 1.24 (1.12–1.36); and ABSI (0.005 unit increase): 1.15 (1.10–1.20). In contrast, a 10-cm increment in HC was associated with a 10% lower risk of all-cause mortality. The results suggest that measures of central adiposity could be used with BMI as a supplementary approach to determine the risk of premature death.

However, researchers have failed to identify the best indicators to predict CVD risk and mortality until now. Many studies have suggested that the strongest predictor among anthropometric indices differs according to CVDRFs, age, sex, ethnicity, and country. For example, WHR was the strongest predictor in Australian adults (35), whereas WC was the best predictor in Canadian adults (36). However, WHtR was the best indicator in several ethnic groups and countries (37, 38). For diabetes, in Chang's study, WC had a similar ability as other anthropometric measures to predict the presence of DM in Northeast China (39). Meanwhile, many studies have indicated that WHtR or WHR is the index most strongly associated with diabetes (40, 41). ABSI and BRI have recently attracted intense attention when linked with cardiovascular disease development and other adverse events. Initial studies reported that ABSI had a stronger association with premature mortality than BMI or WC (42). However, subsequent research revealed conflicting results regarding the predictive ability of ABSI for chronic diseases and mortality (43–45). The BRI has been proven to improve body fat prediction (28) and has been confirmed as an alternative index for assessing insulin resistance, diabetes, and hyperuricemia (46–48). Moreover, the BRI performed similarly to or better than BMI and WC at predicting MetS and MetS components in Peruvian adults (49). It was the most superior predictor and an independent determinant for diabetes among the Chinese hypertensive population (50). However, Chang's results demonstrated that the BRI did not show superior power compared to WC or the WHtR for the prediction of DM (39). A meta-analysis indicated that WC and WHtR offer the best performance when screening for MetS and hypertension, but nonsignificant differences were found with BRI (17, 18). Maessen MF et al. found that the BRI could identify CVD and CVDRFs, but was not superior to BMI or WC (51).

To the best of our knowledge, we first calculated the best indicators of CVDRFs within each BMI category in the Chinese population. In accordance with previous results (43–45), the ABSI showed the weakest capacity for identifying CVDRFs. Generally, the BRI possesses a stable ability to predict CVDRFs in all but overweight and obese men, and this result was well determined in other studies (46–50). The advantage of BRI is commonly believed to improve the predictive power of body fat, and visceral adipose and visceral adipose tissue were well known (28). However, WHR is the best indicator of CVDRFs among overweight and obese men in accordance with previous studies (41, 52). Indeed, the American Heart Association Measurement of the WHR provides no advantage over WC alone and is not recommended as part of the routine obesity evaluation. First, our population is mainly from central-southern China, and differences in ethnicity may lead to inconsistent results. Second, the definition of overweight and obesity is different between China and America. As a natural defect of cross-sectional studies, further cohort research is needed. In summary, two anthropometric measurements, BRI and WHR, achieved better cardiovascular disease risk stratification in the current study. Considering the complexity of the BRI calculation, we plotted the BRI chart to improve the feasibility (Supplementary Figures S13, S14). Physicians could conveniently determine the BRI value and persons with higher CVD risks only from height and weight data. Thirdly, in most cases, WHtR had a similar discriminatory ability to BRI and was easier to calculate. WHtR and WHR were the first choices for the health check-up population to predict CVDRFs.

Furthermore, the WHR and BRI thresholds determined in this study have been rounded to simplify their use in clinical settings. Previous studies have reported WC thresholds within BMI categories. For example, in Ardern's study, WC cut-offs of 90, 100, 110, and 125 cm for underweight, normal, overweight and obese men and 80, 90, 105, and 115 cm for women in US and Canadian populations, respectively, could be used to identify chronic disease risk (53). In the current study, BRI and WHR BMI-specific cut-offs by sex group were established. Although the validity and utility of these cut-offs need further confirmation, the results indicated that using the recommended BRI or WHR BMI-specific cut-offs could significantly distinguish those at high risk of hypertriglyceridemia, mixed hyperlipidaemia, dyslipidaemia, hypertension, DM, or the presence of at least one CVDRF, but that a low area of the ROC curve implies a loss of sensitivity and specificity to identify individuals at high risk of CKD or hypercholesterolemia. This result was consistent with Lee's study (54), which showed that anthropometric indices could identify risk factors, except for hypercholesterolemia. We believe these thresholds can be used as a simple clinical tool for the screening of future CVD risk based on WHR or BRI measurements within specific BMI categories in a health check-up population.

We acknowledge that this study has some limitations. First, this was a cross-sectional study, and relevant findings in this study should be verified in a well-designed cohort study. Second, the health check-up population in Hunan may not represent the majority of the Chinese people. Third, insufficient physical activity and unhealthy food consumption were the major risk factors for deaths and DALYs in the Chinese population (55). However, we failed to adjust that information in the current study. Fourth, some researchers (56, 57) suggested that the optimal anthropometric indices cut-off, including BMI, might differ between the elderly and the young or middle-aged. However, there is still no consistency on age-specific BMI cut-offs among adults. According to our main purpose, we therefore, chose not to calculate the sex-age-specific cut-offs for selected anthropometric indices. We used the stratification analysis to discuss the influence of age instead, and a slightly decreased separation ability of a higher CVDRF subgroup was observed among 60 or over-aged nonunderweight group. Fifth, the WC measurement method is based on the Chinese guideline in the current study (26), but it remains to be determined whether this measurement method is optimal for different age groups (58). Last but not least, there is controversy about using the Youden index as an indicator for setting optimal thresholds on medical tests, which indicates that the ratio of misclassification costs was by default and equal to one minus the prevalence of the interests (59). A higher prevalence of CVDRFs was observed in greater BMI categories. Therefore, in the present study, an optimal selection of thresholds in the overweight and obese groups would be based on lower-cost ratios with higher specificity and predictive value of positive classifications than in the underweight and normal-weight groups. This study also has strengths. The findings and statistical results in the present study are robust due to the large study sample. To the best of our knowledge, this is the first study to develop and crossvalidate WHR, WHtR, and BRI thresholds within BMI categories. Depending on sex, the use of BMI category-specific WHR, WHtR, and BRI thresholds improved the identification of individuals at a high risk of CVD in a Chinese population.



CONCLUSION

Our present study found that the BRI was superior to WC, HC, and WHR for predicting the presence of CVDRFs in the Chinese female population. However, predicting CVDRFs in men, the BRI best discriminates in underweight or normal-weight men, whereas the WHR had the best ability in overweight and obese men. The ABSI showed the weakest predictive power. Considering that WHtR had a similar discriminatory ability to BRI and was easier to calculate in most cases, WHtR could be used as an alternative obesity measure for predicting CVDRFs among women and overweight/obese mn. BRI, WHtR, and WHR BMI-specific cut-offs by sex were established, but needed further study.
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Male

Age, year

20-39 year

40-59 year

>60 year
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Drink
BMI, kg/m?
WC, om
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HC, cm
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Hypercholesterolemia
Hypertriglyceridemia
Mixed hyperlipidernia
Dyslipidemia
Hypertension
Diabetic melitus
Chronic kidney disease
With at least one risk

Female
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20-39 year

40-59 year

260 year
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BMI, kg/m?
WC, om
WHR
ABSI
BRI
HC, cm
WHR
Hypercholesterolemia
Hypertriglyceridemia
Mixed hyperlipidernia
Dyslipidemia
Hypertension
Diabetic melitus
Ghronic kidney disease
With at least one risk
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0514005
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520+ 1.06
10244+ 5.46
090006
657 (6.25)
3,372 (32.06)
1,188 (11.9)
5,217 (49.61)
3,723 (35.18)
1,181 (11.21)
200 (1.90)
6,951 (65.99)

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

“Differences among different BMI groups were tested by anelysis of variance (ANOVA) for continuous variables and the Chi-square test for binery variables. BV, body mass index; WC,

waist circumstance; WHR, waist height ratio; ABSI, a body shape index; BRI, body round index; HC, hip circumstance; WHR, waist hip ratio.
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*Area under ROC curve contrast test for different indices was significant, P < 0.05; The shadowed numbers in the table mean that AUROC of those indices were similar to each other (P > 0.05) for identifying the outcome within
the specific BMI category, and meanwhile those AUROC were the highest in the six anthropometric indices (P < 0.05). AUROC, area under receiver operator curves; ROC, receiver operator curves; BMi, body mass index; WC, waist

circumstance; WHIR, waist height ratic

ABSI, a body shape index; BRI, body round index; HC, hip circumstance; WHR, waist hip ratio.
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