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Abstract

:

Prediabetes is closely related to excess body weight and adipose distribution. For this reason, we aimed to assess and compare the diagnostic usefulness of ten anthropometric adiposity indices to predict prediabetes. Cross-sectional study with 8188 overweight subjects free of type 2 diabetes from the ILERVAS project (NCT03228459). Prediabetes was diagnosed by levels of glycated hemoglobin (HbA1c). Total body adiposity indices [BMI, Clínica Universidad de Navarra-Body Adiposity Estimator (CUN-BAE) and Deurenberg’s formula] and abdominal adiposity (waist and neck circumferences, conicity index, waist to height ratio, Bonora’s equation, A body shape index, and body roundness index) were calculated. The area under the receiver-operating characteristic (ROC) curve, the best cutoff and the prevalence of prediabetes around this value were calculated for every anthropometric index. All anthropometric indices other than the A body adiposity were higher in men and women with prediabetes compared with controls (p < 0.001 for all). In addition, a slightly positive correlation was found between indices and HbA1c in both sexes (r ≤ 0.182 and p ≤ 0.026 for all). None of the measures achieved acceptable levels of discrimination in ROC analysis (area under the ROC ≤ 0.63 for all). Assessing BMI, the prevalence of prediabetes among men increased from 20.4% to 36.2% around the cutoff of 28.2 kg/m2, with similar data among women (from 29.3 to 44.8% with a cutoff of 28.6 kg/m2). No lonely obesity index appears to be the perfect biomarker to use in clinical practice to detect individuals with prediabetes.
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1. Introduction


The occurrence of prediabetes has expanded progressively in recent decades, reaching the 374 million people affected in 2017 according to the International Diabetes Federation [1]. It is clear that subjects with this metabolic condition are estimated to have a 40% to 50% risk of developing type 2 diabetes [2]. In addition, prediabetes is also associated with an accumulation of metabolic abnormalities, an increased risk of microangiopathy and cardiovascular disease, dementia, cancer, and lung dysfunction that occur before fasting plasma glucose reaches the threshold diagnosis of type 2 diabetes mellitus [3,4,5,6]. Therefore, So, this long asymptomatic stage needs more attention, and the detection of prediabetes in patients with a high metabolic risk should be considered [7]. One way to test this screening may be by assessing body composition.



Prediabetes is closely related to excess body weight and adipose distribution in several cross-sectional and longitudinal studies [8,9,10,11,12,13]. The China National Diabetes and Metabolic Disorder Study, which recruited 10,098 men and 17,545 women, observed how body mass index (BMI) and waist circumference (WC) were clearly associated with the prevalence of prediabetes [11]. Similarly, a strong association between WC and prediabetes was also detected in 2022 Spanish subjects [14]. However, BMI and WC categories are far from perfect for providing an accurate assessment of the amount and distribution of [15,16]. Because reference techniques for directly measuring total adipose tissue and abdominal adiposity are complex, costly and time-consuming, their widespread use in clinical practice is limited [17]. Therefore, to replace dual-energy x-ray absorptiometry (DXA) and magnetic resonance imaging, more than a few mathematical indices that combine anthropometric data have been proposed to assess total body fat and abdominal adiposity [18,19,20,21,22,23,24]. Data on the predictive capacity of prediabetes of some of these indices are scarce or absent.



On this basis, the main objective of this study was to determine and compare the diagnostic performance of adiposity estimated by different indices in the prediabetes stage in a large cohort of middle-aged overweight participants with low to moderate cardiovascular risk. For this purpose, we calculated ten anthropometric indices (three related with total adiposity and seven of central adiposity). The study was done stratified by sex, as its disproportion in body fatness and adiposity distribution has been well documented [25].




2. Materials and Methods


2.1. Design of the Study and Description of the Study Population


The ILERVAS project (ClinTrials.gov (accessed on 21 November 2020) Identifier: NCT03228459) comprises a complete cohort of 8330 participants enrolled between January 2015 and December 2018 from 32 primary health care centers from the Catalan Health Institute in the province of Lleida, Spain [26,27]. The ILERVAS project is a prospective study dealing with the benefits of the early diagnosis of subclinical atheromatous disease and undiagnosed kidney disease in a population with low to moderate cardiovascular risk. Inclusion criteria for eligible patients were between 45 and 70 years of, with no previous cardiovascular disease, with at least one cardiovascular risk factor [dyslipidemia, hypertension, obesity, smoking habit or a first-degree relative with premature (<55 years old in men, <65 in women) cardiovascular disease (myocardial infarction, stroke and peripheral arterial disease)]. The exclusion criteria were any type of diabetes, kidney disease, active neoplasia, life expectancy of less than eighteen months and/or pregnancy.




2.2. Prediabetes Screening


According to American Diabetes Association guidelines, normal glucose metabolism was well-defined as HbA1c < 39 mmol/mol (<5.7%), and prediabetes as HbA1c between 39 and 47 mmol/mol (5.7 to 6.4%) [7]. The evaluation of HbA1c was done in capillary blood using a point-of-care device (Cobas B 101®, Roche Diagnostics S.L., Sant Cugat del Vallès, Spain), based on a latex agglutination inhibition immunoassay method that meets the generally recognized performance criteria for HbA1c [28]. One hundred and forty-two individuals with type 2 diabetes previously undiagnosed (HbA1c ≥48.0 mmol/mol (≥6.5%)) were excluded from the research that was finally performed in 8188 subjects.




2.3. Anthropometry and Calculation of Indices


Weight and height were determined in light clothing and without shoes using standard tools, to the closest 0.5 kg and 1.0 cm, respectively. BMI was defined as body weight (kg) divided by the square of the body height (m), and obesity was defined as a BMI ≥30 kg/m2 [29]. A non-elastic tape with an accuracy of 0.1 cm was used to assess the circumferences of the waist and neck. WC was evaluated with the subject in a standing position, in the horizontal plane between the iliac crest and the lowest rib [30]. Neck circumference was assessed in the midway of the neck in a plane as horizontal as possible, with subjects standing upright. In men with a laryngeal prominence, it was assessed just below prominence [31]. All anthropometrical measurements were made by trained nurses under standardized conditions to avoid inter-observer and inter-device variability.



Two indices were added to BMI to evaluate total body fat. The Clínica Universidad de Navarra—Body Adiposity Estimator (CUN-BAE) was calculated as follow: −44.988 + (0.503 × age) + (10.689 × sex) + (3.172 × BMI) − (0.026 × BMI2) + (0.181 × BMI × sex) − (0.02 × BMI × age) − (0.005 × BMI2 × sex) + (0.00021 × BMI2 × age), where sex is 1 for females and 0 for males, and age in years [18]. The formula recommended by Deurenberg et al. considers body fat using the equation: (1.20 × BMI) + (0.23 × age) − (10.8 × sex) − 5.4, where female is 0 and male is 1 for sex [19].



Along with the waist and neck circumferences, five equations for central adiposity were included as a test: (i) the conicity index suggested by Valdez et al. in 1991, (ii) the waist to height ratio (WHR), (iii) the equation proposed by Bonora in 1995, (iv) the A body adiposity index established by Krakauer et al. in 2012, and (v) the body roundness index developed in 2013 by Thomas et al. [20,21,22,23,24]. The conicity index is created on the hypothesis that persons that accumulate abdominal fat have a silhouette like a double cone (that is, two cones sharing the same base, one positioned over the other), whereas people with less visceral adiposity have the shape of a cylinder. Therefore, conicity index ranges from 1.0 (a perfect cylinder) to 1.73 (a perfect double cone) and is attained according to the next formula: 0.109−1 × WC (m) × [weight (kg)/height (m)]−1/2 [20].



The WHR was measured as WC (m) divided by height (m) [21]. The equation sugested by Bonora et al. uses diverse formulas depending on sex: −453.7 + (6.37 × WC) for men, and −370.5 + (4.04 × WC) + (2.62 × age) for women [22]. To assess the A body shape index the eccentricity of the body (ε) needs to be determined [23]. The ε is a non-dimensional number that computes the degree of circularity of an ellipse, ranges from zero (perfect circle) to one (a vertical line) and is evaluated by the formula: [1 − π−2 × WC (m)2 × height (m)−2]1/2. After, the following formula measures the A body shape index: 364.2 − (365.5 × ε), in which values closer to 1 are related to rounder individuals, whereas lower values are associated with leaner individuals. Finally, the body roundness index was calculated as: WC (m)/[BMI2/3 × height (m)1/2] [24].



As hip circumference was not included in the initial design of the ILERVAS study, anthropometric indices containing hip circumference such as abdominal volume index, body adiposity index, and waist to hip ratio were not reflected in our study. The short version of The International Physical Activity Questionnaire (IPAQ) was administered to all participants. The metabolic equivalent of task (METs)-min per week, a multiple of the resting metabolic rate, was assessed [32].




2.4. Statistical Analysis


Participants were classified based to the presence of prediabetes. The normal distribution of the variables was evaluated using the Shapiro-Wilk test. Known for its skewed distribution, quantitative data were showed as the median [interquartile range]. Baseline characteristics through the diagnosis of prediabetes were analyzed using the Mann-Whitney U test for quantitative variables, and the Pearson’s chi-squared for categorical variables. The risk ratio was shown. The bivariate interactions between obesity indices were evaluated by the Spearman correlation test. Because differences in the amount and distribution between men and women are recognized, we showed our results by sex [31].



The areas under Receiver Operating Characteristic (ROC) curves with a whole sensitivity/specificity report and calculating Youden J statistic were designed to study the diagnostic performance of all anthropometric indices to discriminate prediabetes. In addition, a new variable obtained from the combination of anthropometric indices (BMI, Deuremberg, WHR, conicity index, body roundness index, and neck circumference) significantly related with the presence of prediabetes in the logistic regression model (backward method) was calculated. An odds ratio with its 95% confidence interval was also calculated. The area under the ROC curve was interpreted following the next guidelines: 0.9 to 1.0, excellent; 0.8 to 0.9, good; 0.7 to 0.8, fair; 0.6 to 0.7, poor; and 0.5 to 0.6, not useful. All statistical analyses were made via the SSPS statistical package (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY, USA). All p-values were based on a two-sided test of statistical significance, set at p < 0.050.




2.5. Ethics Statement


Informed written consent was obtained from all subjects, and the ILERVAS protocol was approved by the ethics committee of the Arnau de Vilanova University Hospital (CEIC-1410). The investigation was completed agreeing with the ethical guidelines of the Declaration of Helsinki and also followed Spanish legislation concerning the protection of personal data.





3. Results


The ILERVAS cohort comprises 2731 (33.4%) individuals with prediabetes. The main clinical and metabolic data according to the presence of prediabetes are displayed in Table 1. Individuals with prediabetes were mainly women with a characteristic adverse cardiovascular risk profile, including a higher age and a higher prevalence of blood hypertension and dyslipidemia than participants with a normal glucose metabolism. In addition, participants with prediabetes also showed an increased prevalence of obesity (40.1 vs. 29.0%, p < 0.001).



In both sexes, as well as in the entire population, prediabetes was associated with significantly higher values of total and visceral adiposity indices, with the exception of the A body shape index (Table 2 and Supplementary Table S1). Similarly, HbA1c showed a slightly but significant positive correlation with all anthropometric indices apart for the A body shape index among participants with prediabetes (Table 3). No differences were observed in total MET-minutes/week between the groups (495 (0–1200) vs. 495 (0–1200), p = 0.984).



ROC analysis showed that, in our population, measures related to total body fat and abdominal adiposity had a significant but fair power to identify patients with prediabetes (Table 4 and Supplementary Table S2). The best cutoff for each index, which combines sensitivity plus specificity, is available in Table 4. Taking BMI as an example, the prevalence of prediabetes among men increased from 20.4% to 36.2% around the cutoff of 28.2 kg/m2 (odds ratio 2.2 [95% CI 1.9 to 2.5]; <0.001), with similar data among women (from 29.3 to 44.8%; OR 2.0 [95% CI 1.7 to 2.2]; p < 0.001) (Figure 1). Similar data for the remaining anthropometric indices are shown in Table 5. The area under the ROC obtained with the new variable calculated by including six of the selected anthropometric indices was 0.63 [95% CI 0.62 to 0.64], similar to that of separate indices.




4. Discussion


In the middle-aged Caucasian ILERVAS cohort, participants with prediabetes showed a significant increase in estimated total body and abdominal fat. However, our study also reveals that this association between equations used to estimate body composition and prediabetes was weak. Furthermore, our research was not able to find any anthropometric index that deserves to replace BMI in clinical practice.



Prediabetes is a metabolic condition with serious health consequences that needs to be screened [7]. As blood-based testing methods are expensive and time-consuming, non-invasive methods have been proposed, with particular interest in estimating body composition [10,12,33]. In fact, prediabetes and excess body weight are closely related, and the accumulation of adipose tissue in various depots has been linked to glucose abnormalities [34]. The National Health and Nutrition Examination Survey (1999–2004), after assessing body composition by DXA in 3888 participants, described a significant increase of trunk fat mass and in trunk/appendicular fat mass ratio with raised glucose intolerance (type 2 diabetes > impaired fasting glucose > normal glucose tolerance) [35]. Similarly, body magnetic resonance imaging showed a direct relationship between visceral adipose tissue and glucose tolerance status in 385 middle-aged subjects (53 with diabetes, 95 with prediabetes, and 237 controls) with no history of cardiovascular disease [36].



When three of the most popular anthropometric indices have been used, including BMI, WC and WHR, instead of standard gold techniques in general practice, similar results have been achieved [10,12,14,33]. The Spanish study PREDAPS recruited 1184 individuals with prediabetes (altered fasting plasma glucose and/or glycated hemoglobin) and 838 control subjects from primary care system [14]. After adjusting for confounding factors (age, family history of diabetes, smoking, alcohol, lipid lowering, blood hypertension, and dyslipidemia), abdominal obesity based on the WHR criterion in women and the WC in men showed the strongest association with prediabetes [odds ratio (OR): 2.48 (95% CI: 1.85–3.33) and 2.33 (1.75–3.08), respectively] [14]. In another cross-sectional study conducted in Venezuela with 2230 participants (19.5% with impaired fasting glucose), WHR was the most important predictor in both women [area under the ROC: 0.631 (95% CI: 0.588–0.673) and men (0.637 (0.596–0.678], with BMI and WC showing comparable predictive power [33]. The relationship between anthropometric indices and prediabetes also exists in non-obese populations. In this way, in the cross sectional China National Diabetes and Metabolic Disorders Study, with 10,098 men and 17,454 women with a BMI < 25 kg/m2, for each increase in the standard deviation of BMI (2.1 kg/m2) and WC (8.3 cm), fasting glucose levels increased by 0.128 and 0.170 mmol/L in men, and by 0.112 and 0.167 mmol/L in women, respectively [11]. However, neither BMI nor WC were significant risk factors for the prediction of prediabetes after 10 years of follow-up in a population-based cohort study with 1765 participants [13].



In our study, total adiposity was examined using CUN-BAE and Deurenberg’s equations together with BMI. Although there was no prior information on these two indices and the presence of prediabetes, our results showed a similar predictive power between the three indices, in both men and women.



Regarding the estimation of abdominal obesity and the prevalence of prediabetes, excluding WC and WHR, absent or scarce information is available [10,11,12,13,14,37,38]. To the best of our knowledge, there is no prior data concerning the Bonora equation and assessment of prediabetes. In the 2015 Health, Well-Being, and Aging Study, with a total of 3307 Colombian individuals over the age of 60, there were significant differences in the BMI, body roundness index and conicity index between healthy patients and subjects with prediabetes, but with limited prediction capacity [39]. However, and likewise in our study, Ramírez-Vélez et al. failed to observe differences between groups regarding A body shape index [39]. In addition, in a large Chinese population including 15,078 participants, the body roundness index exhibited a highest area under the ROC for prediabetes than the BMI [40]. In the same study, A body shape index was associated with the lowest area under the ROCs for prediabetes in both sexes [40]. Thus, and in accordance with our results, this index seems to be the least appropriate to estimate the presence of prediabetes in the general population.



The neck circumference requires some additional comment. It is a simple and reliable anthropometric measure that has been proposed as a metabolic risk marker [41]. In a population of 1206 overweight and obese Hispanics, aged 40 to 65 free of major cardiovascular disease and type 2 diabetes, neck circumference was significantly associated with body fat percentage and showed a higher association with prediabetes compared to WC [OR 2.30 (95% CI: 1.71–3.06) vs. 1.97 (95% CI: 1.48–2.66)] [42]. In the ILERVAS population, neck circumference exhibited the higher correlation with HbA1c among anthropometric indices, but the area under the ROC was also a fair one. Therefore, the potential implications for the daily clinical practice of total body and abdominal adiposity measurements need further evaluation.



Some limitations of our research should be noted. First, the lack of an accurate measure of body composition determined with a DXA or magnetic resonance imaging. In fact, among 1603 Korean adults, the visceral fat mass measured with DXA had a higher OR for prediabetes than BMI, WC and WHR [43]. Second, we have not assessed other obesity indices including the hip circumference, like abdominal volume index, body adiposity index, and waist to hip ratio. The predictive capacity of prediabetes has been previously evaluated with these indices, and it remains to be clarified whether its inclusion can improve our results [44,45]. Third, we used HbA1c as a diagnostic tool for prediabetes. We are not sure whether the inclusion of impaired fasting glucose assessment and impaired glucose tolerance 2 h after a 75 g oral glucose tolerance test would change our results. Fourth, our study population with prediabetes is characterized by having at least one cardiovascular risk factor. While this is an intrinsic feature of the design of the ILERVAS study, we must be cautious when generalizing our results to other subjects with prediabetes in the general population. Finally, we have not been able to create a causal association concerning anthropometric indices and prediabetes due to the cross-sectional design of our research.



In closing, the main finding of our work was the lack of differences between the indices related to total body or abdominal adiposity to better categorize the presence of prediabetes. Moreover, total area under ROC indicates that none of them were useful in making clinical decisions in the ILERVAS population owing to low statistical power. Consequently, no isolated obesity index appears to be the perfect biomarker to use in clinical practice to detect subjects at risk for prediabetes. Even so, we recommend narrowing prediabetes screening in subjects with some cardiovascular risk factor and moderate overweighed (in our cohort, a BMI ≥ 28.2 kg/m2 in males ≥ 28.6 kg/m2 in females). Additional studies are needed, using the combination of new indices and the addition of other capital factors related with glucose abnormalities such as patient’s physical activity or patient phenotype to improve the explanatory power of anthropometric indices for glucose abnormalities.
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Figure 1. Results of the total adiposity indices in male and female individuals according to the level of glycated hemoglobin value. 
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Table 1. Main clinical and metabolic data in the study population according to the presence of prediabetes.
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	Control Group

(n = 5457)
	Prediabetes

(n = 2731)
	p-Value





	Women, n (%)
	2616 (47.9)
	1551 (56.8)
	<0.001



	Age (years)
	56 (52–62)
	59 (54–64)
	<0.001



	Caucasian, n (%)
	5440 (99.7)
	2712 (99.3)
	0.013



	HbA1c (%)
	5.4 (5.2–5.5)
	5.8 (5.7–6.0)
	<0.001



	Obesity, n (%)
	1580 (29.0)
	1094 (40.1)
	<0.001



	Blood hypertension, n (%)
	2015 (36.9)
	1290 (47.2)
	<0.001



	Systolic BP (mm Hg)
	129 (119–141)
	132 (121–143)
	<0.001



	Diastolic BP (mm Hg)
	81 (75–88)
	82 (75–88)
	0.184



	Antihypertensive drugs, n (%)
	1569 (28.8)
	1103 (40.4)
	<0.001



	Dyslipidemia, n (%)
	2798 (51.3)
	1622 (59.4)
	<0.001



	Total cholesterol (mg/dL)
	202 (179–229)
	206 (183–232)
	<0.001



	Lipid-lowering agents, n (%)
	831 (15.2)
	646 (23.7)
	<0.001



	Antithrombotic drugs, n (%)
	141 (2.6)
	106 (3.9)
	0.001







Data are expressed as a median [interquartile range] or n (percentage). HbA1c: glycated hemoglobin; BP: blood pressure. Obesity was defined as a body mass index ≥30 kg/m2. Antihypertensive drugs include angiotensin-converting enzyme (ACE) inhibitors, diuretics, angiotensin-II receptor antagonists (ARA II), beta-blockers, calcium antagonists, and other antihypertensives. Lipid-lowering treatments involve statins, fibrates, ezetimibe, and omega-3 fatty acids. Antithrombotic drugs include anticoagulants and antiplatelets.













[image: Table] 





Table 2. Results of the anthropometric indices in male and female participants according to the presence of prediabetes.
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	Male Subjects
	Control Group

(n = 2841)
	Prediabetes

(n = 1180)
	p-Value





	Total adiposity
	
	
	



	BMI (Kg/m2)
	28.1 (25.6–31.0)
	29.8 (27.4–33.0)
	<0.001



	CUN-BAE (%)
	29.5 (26.2–33.1)
	31.7 (28.7–35.3)
	<0.001



	Deurenberg (%)
	30.1 (27.0–33.9)
	32.6 (29.3–36.4)
	<0.001



	Visceral adipose tissue
	
	
	



	WC (cm)
	100 (94–107)
	104 (98–112)
	<0.001



	Conicity index
	1.33 (1.29–1.37)
	1.34 (1.31–1.39)
	<0.001



	WHR
	0.59 (0.55–0.63)
	0.60 (0.58–0.66)
	<0.001



	Bonora (cm2)
	183 (145–228)
	209 (171–260)
	<0.001



	A body shape index
	0.08 (0.08–0.09)
	0.08 (0.08–0.09)
	0.242



	Body roundness index
	5.04 (4.27–6.00)
	5.63 (4.82–6.72)
	<0.001



	Neck circumference (cm)
	40.5 (39.0–42.0)
	41.5 (39.5–43.5)
	<0.001



	Female Subjects
	(n = 2616)
	(n = 1551)
	



	Total adiposity
	
	
	



	BMI (Kg/m2)
	27.3 (24.3–30.9)
	29.5 (26.2–33.3)
	<0.001



	CUN-BAE (%)
	41.0 (37.1–44.9)
	43.6 (39.8–47.3)
	<0.001



	Deurenberg (%)
	41.2 (37.0–45.7)
	44.1 (40.1–48.7)
	<0.001



	Visceral adipose tissue
	
	
	



	WC (cm)
	97 (90–105)
	102 (94–110)
	<0.001



	Conicity index
	1.36 (1.30–1.41)
	1.37 (1.32–1.42)
	<0.001



	WHR
	0.62 (0.57–0.67)
	0.65 (0.60–0.70)
	<0.001



	Bonora (cm2)
	177.7 (144.8–213.5)
	199.4 (165.7–234.2)
	<0.001



	A body shape index
	0.09 (0.08–0.09)
	0.09 (0.08–0.09)
	0.179



	Body roundness index
	5.80 (4.65–7.03)
	6.47 (5.37–7.87)
	<0.001



	Neck circumference (cm)
	34.5 (33.0–36.0)
	35.5 (34.0–37.5)
	<0.001







Data are expressed as a median [interquartile range]. BMI: body mass index; WC: waist circumference; WHR: waist to height ratio; CUN-BAE: Clínica Universidad de Navarra—Body Adiposity Estimator.
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Table 3. Bivariate correlations of glycated hemoglobin with anthropometric indices in the participants with prediabetes according to sex distribution.
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Male Subjects

	
Female Subjects




	

	
r

	
p

	
r

	
p






	
BMI (Kg/m2)

	
0.152

	
<0.001

	
0.156

	
<0.001




	
CUN-BAE (%)

	
0.161

	
<0.001

	
0.161

	
<0.001




	
Deurenberg (%)

	
0.171

	
<0.001

	
0.164

	
<0.001




	
Waist circumference (cm)

	
0.138

	
<0.001

	
0.147

	
<0.001




	
Conicity index

	
0.095

	
0.001

	
0.083

	
0.001




	
WHR

	
0.149

	
<0.001

	
0.156

	
<0.001




	
Bonora (cm2)

	
0.136

	
<0.001

	
0.158

	
<0.001




	
A body shape index

	
0.018

	
0.542

	
0.007

	
0.777




	
Body roundness index

	
0.149

	
<0.001

	
0.156

	
<0.001




	
Neck circumference (cm)

	
0.178

	
<0.001

	
0.182

	
<0.001








BMI: body mass index; CUN-BAE: Clinica Universidad de Navarra-Body Adiposity Estimator; WHR: waist to height ratio.
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Table 4. Receiver Operating Characteristic curves and appropriate cutoff of anthropometric indices for predicting prediabetes according to sex distribution.
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	Male Subjects
	Cutoff
	Sensitivity
	Specificity
	AUROC
	95% CI
	p





	BMI (Kg/m2)
	28.2
	0.68
	0.51
	0.62
	0.60 to 0.64
	<0.001



	CUN-BAE (%)
	29.9
	0.66
	0.53
	0.63
	0.61 to 0.65
	<0.001



	Deurenberg (%)
	31.5
	0.59
	0.60
	0.63
	0.61 to 0.65
	<0.001



	WC (cm)
	100
	0.65
	0.53
	0.62
	0.60 to 0.64
	<0.001



	Conicity index
	1.33
	0.62
	0.49
	0.58
	0.56 to 0.60
	<0.001



	WHR
	0.59
	0.65
	0.54
	0.63
	0.61 to 0.65
	<0.001



	Bonora (cm2)
	186.5
	0.65
	0.53
	0.62
	0.60 to 0.64
	<0.001



	Body roundness index
	5.29
	0.62
	0.57
	0.63
	0.61 to 0.65
	<0.001



	A body shape index
	0.08
	0.50
	0.54
	0.51
	0.49 to 0.53
	0.228



	Neck circumference (cm)
	40.8
	0.63
	0.55
	0.61
	0.59 to 0.63
	<0.001



	Female Subjects
	
	
	
	
	
	



	BMI (Kg/m2)
	28.6
	0.58
	0.60
	0.62
	0.60 to 0.64
	<0.001



	CUN-BAE (%)
	43.5
	0.51
	0.67
	0.63
	0.61 to 0.64
	<0.001



	Deurenberg (%)
	40.8
	0.71
	0.47
	0.63
	0.61 to 0.65
	<0.001



	WC (cm)
	101.5
	0.51
	0.64
	0.60
	0.59 to 0.62
	<0.001



	Conicity index
	1.35
	0.59
	0.48
	0.55
	0.53 to 0.57
	<0.001



	WHR
	0.62
	0.62
	0.54
	0.62
	0.60 to 0.63
	<0.001



	Bonora (cm2)
	179.0
	0.67
	0.51
	0.62
	0.60 to 0.63
	<0.001



	Body roundness index
	6.10
	0.59
	0.57
	0.62
	0.60 to 0.63
	<0.001



	A body shape index
	0.08
	0.58
	0.39
	0.49
	0.47 to 0.51
	0.179



	Neck circumference (cm)
	35.3
	0.55
	0.63
	0.62
	0.60 to 0.64
	<0.001







AUROC: area under the receiver operating characteristic; BMI: body mass index; WC: waist circumference; WHR: waist to height ratio; CUN-BAE: Clínica Universidad de Navarra-Body Adiposity Estimator.
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Table 5. Prevalence of prediabetes above and below the cutoff proposed for each anthropometric index.
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	Male Subjects
	Cutoff Point
	Prevalence of Prediabetes Below the Cutoff
	Prevalence of Prediabetes

Above the Cutoff
	Odds Ratio

(95% CI)
	p-Value





	BMI (Kg/m2)
	28.2
	20.4
	36.2
	2.2 (1.9 to 2.5)
	<0.001



	CUN-BAE (%)
	29.9
	20.9
	37.1
	2.2 (1.9 to 2.6)
	<0.001



	Deurenberg (%)
	31.5
	22.8
	38.2
	2.2 (1.9 to 2.5)
	<0.001



	WC (cm)
	100
	20.8
	35.4
	2.1 (1.8 to 2.4)
	<0.001



	Conicity index
	1.33
	24.3
	33.6
	1.6 (1.4 to 1.8)
	<0.001



	WHR
	0.59
	21.0
	36.8
	2.2 (1.9 to 2.5)
	<0.001



	Bonora (cm2)
	186.5
	21.7
	36.2
	2.0 (1.8 to 2.4)
	<0.001



	Body roundness index
	5.29
	21.5
	37.8
	2.2 (1.9 to 2.6)
	<0.001



	A body shape index
	0.08
	27.3
	29.8
	1.1 (0.9 to 1.4)
	0.204



	Neck circumference (cm)
	40.8
	22.0
	36.6
	2.0 (1.8 to 2.4)
	<0.001



	Female Subjects
	
	
	
	
	



	BMI (Kg/m2)
	28.6
	29.3
	44.8
	2.0 (1.7 to 2.2)
	<0.001



	CUN-BAE (%)
	43.5
	30.4
	47.8
	2.1 (1.8 to 2.4)
	<0.001



	Deurenberg (%)
	40.8
	26.8
	44.4
	2.2 (1.9 to 2.5)
	<0.001



	WC (cm)
	101.5
	31.3
	45.5
	1.8 (1.6 to 2.1)
	<0.001



	Conicity index
	1.35
	33.2
	40.0
	1.3 (1.2 to 1.5)
	<0.001



	WHR
	0.62
	29.2
	43.6
	1.8 (1.6 to 2.1)
	<0.001



	Bonora (cm2)
	179.0
	28.2
	44.4
	2.0 (1.8 to 2.3)
	<0.001



	Body roundness index
	6.10
	29.9
	45.0
	1.9 (1.7 to 2.2)
	<0.001



	A body shape index
	0.08
	37.8
	37.1
	0.9 (0.8 to 1.2)
	0.749



	Neck circumference (cm)
	35.3
	30.1
	46.3
	2.2 (1.7 to 2.3)
	<0.001







BMI: body mass index; WC: waist circumference; CUN-BAE: Clínica Universidad de Navarra-Body Adiposity Estimator.
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