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Abstract

:

Despite several papers having been published on the association between adiposity and the risk of metabolic syndrome (MetS), it is still difficult to determine unambiguously which of the indices of nutritional status is the best to identify MetS. The aim of this study was to analyze the ability of six anthropometric indices to identify MetS in the Polish population. The highest odds ratios for the occurrence of MetS, according to International Diabetes Federation (IDF), were noted for the following indices: waist-to-height ratio (WHtR, OR = 24.87) and Clínica Universidad de Navarra-body adiposity estimator (CUN-BAE, OR = 17.47) in men and WHtR (OR = 25.61) and body roundness index (BRI, OR = 16.44) in women. The highest odds ratios for the modified definition of MetS (without waist circumference) were found for the following indices: WHtR (OR = 7.32), BRI (OR = 6.57), and CUN-BAE (OR = 6.12) in women and CUN-BAE (OR = 5.83), WHtR (OR = 5.70), and body mass index (BMI, OR = 5.65) in men (p < 0.001 for all). According to the Receiver Operating Characteristic (ROC) analyses conducted for the identification of MetS, defined in accordance with IDF, the largest areas under the curve (AUCs) in men were observed for WHtR and CUN-BAE indices, whereas in women, they were observed for WHtR and BRI. In the analysis carried out for the identification of MetS (according to modified definition, without waist circumference), the AUCs were larger for WHtR and BRI in women, while in men, they were larger for CUN-BAE, BMI, and WHtR. BMI was also characterized by a relatively strong discriminatory power in identifying individuals with MetS. An optimal cut-off point for MetS, in accordance with the conventional definition, for both sexes was the value of BMI = 27.2 kg/m2. The weakest predictor of the syndrome was the ABSI (a body shape index) indicator. The most useful anthropometric indicator for the identification of MetS, both in men and in women in the Polish population, was WHtR. The optimal cut-off points for WHtR equaled 0.56 in men and 0.54 in women.
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1. Introduction


Obesity is a significant risk factor for the development of several diseases, such as type 2 diabetes [1], metabolic syndrome (MetS) [2,3], cardiovascular diseases [4,5], numerous tumors [6,7,8], and musculoskeletal disorders [5], as well as a cause of high mortality [8,9]. BMI is most often used to evaluate obesity [10,11]. This indicator is simple, easy to calculate, and has clearly defined cut-off points. Because of its low cost, it is used in research worldwide and it enables the comparison of nutritional statuses in different populations. Limitations of BMI are its low accuracy in the assessment of adipose tissue and the fact that it does not allow for sex dimorphism and ethnic differences in adiposity, adipose tissue distribution, and age-related body composition [12,13,14]. Despite these limitations, the level of obesity determined on the basis of BMI is one of the main criteria for the application of pharmacological and surgical intervention [15]. Waist-to-height ratio (WHtR) and percent body fat (%BF) are relatively frequently used adiposity measures. However, continuous attempts are being made to devise new anthropometric measures of nutritional status, which would better identify a higher risk of morbidity and mortality. Relatively recently constructed indicators involve, among others, the following: a body shape index (ABSI) [16], body roundness index (BRI) [17], and Clínica Universidad de Navarra-body adiposity estimator (CUN-BAE) [18]. ABSI was devised in such a manner to be minimally correlated with height, mass, and BMI [16]. A high ABSI value indicates the waist circumference is higher than expected for a given height and mass and is related to a more central concentration of body volume. Body shape, measured with ABSI, seems to be an important risk factor of premature mortality in the general population. It can be used along with BMI to differentiate independent contributions of waist circumference and BMI to cardio-metabolic outcomes. BRI enables one to determine the shape of the human figure as an ellipse, generated from the height and waist circumference. BRI values are in the range from 1 to 16, and individuals with a more rounded figure are characterized by greater BRI values. It is a predictor of the percentage of adipose tissue and visceral tissue and can be a useful tool in the assessment of the health status [17]. The CUN-BAE indicator was suggested for the evaluation of the percentage of fat content in the body and it is calculated using BMI, sex, and age. Fat percentage calculated by means of CUN-BAE showed a strong correlation with the real content of adipose tissue (r = 0.89) [18]. In the authors’ opinion, this indicator can constitute an effective tool for identifying individuals at risk for Type 2 diabetes and cardiovascular diseases.



MetS is defined as the accumulation of risk factors such as abdominal obesity, elevated blood pressure, dyslipidemia, and abnormal glycemia. It poses one of the main challenges for global and national public health institutions, as it is associated with a significantly higher risk of type 2 diabetes, cardiovascular diseases, some cancers, and all-cause mortality. Despite the fact that several papers have been published on the association between adiposity and the risk of MetS, it is still difficult to determine unambiguously which indicator of nutritional status is the best tool in order to identify individuals with MetS. To our knowledge, so far, there has been only one such study conducted in Poland, which involved the analysis of the relationships between ABSI and metabolic risk factors in a small group of 114 young men [19], whereas BRI and CUN-BAE have not yet been used for the assessment of health status and metabolic risk in our population. Hence, the aim of this study was to analyze the predictive capacity of new anthropometric indices, such as the ABSI, BRI, and CUN-BAE, in order to identify MetS in the Polish population and compare their usefulness to that of traditionally applied measures such as BMI, WHtR, and %BF.




2. Subjects and Methods


2.1. Study Design and Sample Collection


The basis of our study involved data obtained from the POlish-Norwegian Study (PONS) project [20,21]. It was a cross-sectional study on the health status of the adult Polish population from the region of Swietokrzyskie, conducted in the years 2010–2012. The study included analyses of collected fasting blood samples, blood pressure, and anthropometric measurements. Extensive interviews were carried out in order to collect information about the participants’ lifestyles during the last year. 13,172 participants, aged 37–66, volunteered to take part in the study. In further analyses, the data of 12,328 individuals were used (8234 women), and 844 participants were rejected due to incomplete data.




2.2. Ethical Approval


The study was approved by the Ethics Committee from the Cancer Centre and Institute of Oncology in Warsaw, No. 69/2009/1/2011 (data collection), and by the Committee on Bioethics at the Faculty of Health Sciences, Jan Kochanowski University in Kielce, Poland, No. 45/2016 (data analysis).




2.3. Measurements and Anthropometric Indicators


Height was measured without shoes to the nearest 0.1 cm using a SECA stadiometer. Non-elastic tape was used to measure waist circumference (WC) at a point midway between the lowest rib and the iliac crest. Weight and %BF were measured using a body composition analyzer (Tanita SC 240MA, Tanita Corp., Tokyo, Japan) with an accuracy of 0.1 kg and 0.1%. On the basis of the performed measurements, the following indicators were calculated:



	
BMI = Weight (kg)/Height (m)2;



	
WHtR = WC (cm)/Height (cm);



	
ABSI = WC (m)/[BMI2/3(kg/m2) Height1/2 (m)] [16];



	
  BRI = 364.2 − 365.5 ×   1 −  [      ( W C /  (  2 π  )  )  2       (  0.5   ×   H e i g h t  )   2     ]      [17];



	
CUN-BAE was calculated using the equation %BF = − 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 age is measured in years, and sex was codified as 0 for men and 1 for women [18].







2.4. Blood Pressure and Blood Biochemical Parameters


Blood pressure (BP) was measured using an Omron blood pressure monitor (Model M3 Intellisense, Mannheim, Germany). BP was measured on the artery of the right upper limb when the participant was seated. In the study, an average of two measurements were used for analysis. Fasting blood samples were obtained for measurements of glucose and lipids using standard techniques. Blood was centrifuged for 10 minutes at 3500 rpm at room temperature. The glucose concentration in the blood serum was measured using the enzyme method with hexokinase, while the concentration of triglycerides (TGs) was assessed using the phosphogliceride oxidaseperoxidase method. The concentration of HDL cholesterol was obtained using the colorimetric non-precipitation method. Laboratory tests were performed with Integra 800 (La Roche Diagnostics, Switzerland).




2.5. Socio-Demographic and Lifestyle Data


Socio-demographic data and information on the participants’ lifestyles were collected in face-to-face interviews using structured questionnaires. The socio-demographic variables included sex, age, and education (number of education years in total). As an indicator of socioeconomic position, we chose education, which, in our opinion, reflects health awareness and health behavior patterns better than income. Moreover, education is comparatively easy to measure in self-administered questionnaires, garners a high response rate, and is relevant to people regardless of age or working circumstances, unlike many other indicators of socioeconomic position. For each participant, the daily intake of pure ethanol was calculated, with the consideration of the mean alcohol content in specific alcoholic beverages and the frequency of intake (g/week). Smoking was evaluated on the basis of the analysis of the prevalence of current, former, and never smoking behaviors. The respondents who smoked cigarettes during the study were classified as current smokers, and those who had not smoked for 6 months were classified as former smokers. The rest of the participants composed the group of nonsmokers. Physical activity (PA) was evaluated with the use of the International Physical Activity Questionnaire (IPAQ), long form. Total PA was calculated and expressed as metabolic equivalents (MET/min/week−1) [22].




2.6. The Definition of Metabolic Syndrome (MetS)


Following the criteria established by the International Diabetes Federation Task Force on Epidemiology and Prevention (joint interim statement in 2009) [23], MetS was defined as the presence of three or more of the following five components: abdominal obesity, WC ≥ 94 cm in males and ≥80 cm in females; fasting glucose ≥100 mg/dl (5.5 mmol/L) or diabetes treatment; triglycerides ≥150 mg/dL (1.7 mmol/L) or drug treatment for elevated triglycerides; HDL cholesterol <40 mg/dL (1.0 mmol/L) in males and <50 mg/dl (1.3 mmol/L) in females or drug treatment for reduced HDL cholesterol; and systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg or drug treatment for hypertension. Allowing for very strong correlations with one of the MetS components (i.e., WC) with all anthropometric indicators, analyses were performed twice: (1) for a standard definition of MetS, including three out of five components according to the International Diabetes Federation (IDF (IDF), and (2) for a modified definition of MetS, including two out of four components other than WC.




2.7. Statistical Analysis


All continuous variables were expressed as means and standard deviations (X ± SD) and medians (Me) and interquartile categories (Q1–Q3). All categorical variables were reported as frequency and percentage (N, %). Comparisons between the groups of men and women were conducted using U Mann–Whitney or Chi-squared tests depending on the distribution of each feature. Spearman’s rank correlation coefficients were calculated to test the association between anthropometric measures and indices. Multivariate logistic regression was used to evaluate the unadjusted and adjusted associations between anthropometric measures and MetS. Quintiles of anthropometric indices were created, and odds ratios (ORs) of MetS and 95% confidence intervals (CIs) were calculated in each quintile. For all six anthropometric indices, the lowest quintile was set as reference. Adjustments were made for age, education, physical activity, alcohol consumption (continuous variables), and smoking status (categorical variable). The analyses were performed separately for men and women. Receiver Operating Characteristic (ROC) analyses were used to compare the predictive ability and to determine the optimal cut-off values of the anthropometric indices. We estimated the area under the curve (AUC) with 95% CIs. The AUC represents a measure of accuracy of each anthropometric index to discriminate between subjects with or without MetS. The optimal cut-off point was the highest Youden index value (sensitivity + specificity − 1). A p value <0.05 was assumed statistically significant for all calculations. All data were analyzed using Statistical Package Statistica software (Tibco software version 13.1, Warsaw, PL, Poland).





3. Results


The average age of the participants was 55.95 ± 5.43 years for men and 55.54 ± 5.35 years for women. In the subject group, there were 44.0% of overweight individuals (BMI = 25.0–29.9 kg/m2) and 30.0% of individuals with obesity (BMI ≥30.0 kg/m2). Men were characterized by higher values of all anthropometric features and indicators of nutritional status than women (Table 1). MetS according to IDF was found in 42.4% of all subjects (Table 2). It occurred significantly more often in males than in females (p < 0.001). Among MetS components, only a lower HDL cholesterol concentration was found in women compared to men. No significant differences of physical activity depending on sex were noted (Table 3). Men smoked significantly more often and consumed more alcohol than women. They were also characterized by a shorter period of education, compared to women.



For all subjects, CUN-BAE was the indicator most strongly and negatively correlated with height (r = −0.591; p < 0.001) (Table S1). In the analyses performed separately in groups according to sex, WHtR and BRI were correlated most strongly with height, whereas ABSI was not significantly correlated with height, either in men or in women. BMI was most strongly correlated with mass in all subjects (r = 0.818; p < 0.001), whereas in the analyses performed separately for both sexes, BMI, CUN-BAE, and %BF were the most strongly correlated with mass. BMI was also most strongly correlated with WHtR (r = 0.877; p < 0.001) and BRI (r = 0.877; p < 0.001), whereas in the analysis performed separately for both sexes, BMI was most strongly correlated with CUN-BAE (Table S2). Among other indicators, WHtR and BRI were the indicators most strongly correlated with each other, both in all subjects and in both gender groups (r = 0.999; p < 0.001). The correlation coefficient r between CUN-BAE and %BF equaled 0.873 for all subjects and was slightly higher in females (r = 0.888) compared to males (r = 0.808) (p < 0.001 for all). WHtR and BRI were the indicators most strongly correlated with waist circumference.



In unadjusted models, the odds ratios for MetS grew along with quartiles for all six anthropometric indicators (Table S2). However, they were much higher for the standard definition of MetS, including three out of five components, than for the modified definition, allowing for two out of four components (except WC). The risk of MetS was not significantly higher only in the second quartile of ABSI indicator in males.



The odds ratios in models adjusted for age, level of education, smoking, alcohol consumption, and physical activity also grew along with quartiles for all analyzed anthropometric indices (Table 4). However, they were significantly lower compared to those in the unadjusted models. The highest odds ratios for the occurrence of MetS, in accordance with the standard definition, were noted for the following indicators: WHtR (OR = 24.87, 95%CI: 18.85–32.82; p < 0.001) and CUN-BAE (OR = 17.47, 95%CI: 13.51–22.59; p < 0.001) in men and WHtR (OR = 25.61, 95%CI: 20.26–202.40; p < 0.001) and BRI (OR = 16.44, 95%CI: 13.32–20.29; p < 0.001) in women. The odds ratios for the modified MetS definition, including two out of four components, were significantly lower. In the fifth quintile, compared to the first one, the highest odds ratios in women were found for WHtR (OR = 7.32, 95%CI: 6.16–8.69; p < 0.001), BRI (OR = 6.57, 95%CI: 5.53–7.80; p < 0.001), and CUN-BAE (OR = 6.12 (5.17–7.25; p < 0.001). In men, the odds ratios in the fifth quintile were lower than in females for every analyzed indicator. The relatively highest values were noted for CUN-BAE (OR = 5.83, 95%CI: 4.66–7.31; p < 0.001), WHtR (OR = 5.70, 95%CI: 4.55–7.14; p < 0.001), and BMI (OR = 5.65, 95%CI: 4.53–7.05; p < 0.001). The risk of MetS was not significantly higher only in the second and third quartiles of the ABSI indicator in males.



According to the ROC analyses conducted for the MetS definition according to the IDF, the largest AUCs in men were observed for the WHtR and CUN-BAE indicators (0.764 and 0.760, respectively), whereas in women, the largest AUCs were for WHtR (0.758) and BRI (0.748) (Table 5, Figure 1). The smallest AUC was for ABSI, equaling 0.609 in men and 0.639 in women. In the analysis carried out for the modified definition of MetS (without WC), the AUC was the largest for WHtR (0.706) and BRI (0.701) in females, whereas in males, the largest AUC was for CUN-BAE (0.682) (Table 5, Figure 2). The lowest AUC values, like in a previous analysis, were noted for ABSI (0.610 in females and 0.551 in males). In the standard definition, the highest values of the Youden index were obtained for CUN-BAE (0.41) and WHtR (0.40) in men and for WHtR (0.38) in women. In the analysis conducted for the modified definition of MetS, the lowest values of Youdena index were found for WHtR and BRI in women (both values = 0.30) and for CUN-BAE and BRI in men (both values = 0.28). The optimal cut-off values of the best adiposity indices for the conventional MetS definition were as follows: 0.556 for WHtR and 29.04 for CUN-BAE in men and 0.535 for WHtR and 5.05 for BRI in women. In the analysis involving the modified MetS definition, MetS cut-off points were as follows: 0.571 for WHtR and 29.99 for CUN-BAE in males and 0.543 for WHtR and 5.05 BRI in females. It should also be stated that the values of optimal cut-off points for particular indices in the case of both MetS definitions differed slightly or (as in the case of BRI in women) did not differ at all. Moreover, it should be stressed that for CUN-BAE, the optimal cut-off points were slightly higher than for %BF measured by the bioimpedance method.




4. Discussion


The comparison of the odds ratios of MetS occurrence between the highest quintile (Q5) and the lowest (Q1) of every anthropometric index showed that the best MetS predictors, according to the standard MetS definition, were WHtR and CUN-BAE in men and WHtR and BRI in women. In the modified definition (without WC), the best MetS predictor in males was CUN-BAE followed by WHtR and BMI, whereas the best predictor of MetS in females was still WHtR, followed by BRI and CUN-BAE. The results obtained by the logistic regression analysis were also confirmed by the ROC curve analysis, showing that WHtR and CUN-BAE in the case of men and WHtR and BRI in the case of women should be considered the best anthropometric indices to identify MetS in the Polish population. Among these three indices, WHtR has the advantages of simplicity, low cost, similar usefulness both in men and in women, and a well-proven applicability in various populations. Ashwell et al. [24], on the basis of a meta-analysis of studies conducted in different ethnic groups, confirmed that, both in males and in females, WHtR was a better screening tool than BMI and WC for adult cardiometabolic risk factors. Similar results were obtained in subsequent studies, which compared various anthropometric indices, including newly devised ones [25,26,27]. Cut-off points for WHtR in the subject population equaled 0.56 for men and 0.54 for women. Similar values were achieved in the Brazilian population (≥0.54 for men and ≥0.55 for women), in which 52% of the participants were white [28]. However, slightly higher cut-offs were suggested in Turkey (0.58 for men and 0.59 for women) [29] and in the USA (0.58 for men and women) [30]. In the previously mentioned study conducted in the USA, more than half of the participants were NonHispanic Caucasians.



The usefulness of four further indices (i.e., CUN-BAE, BRI, BMI, and %BF) for the identification of individuals with MetS in the Polish population was also satisfactory and just slightly lower than that of WHtR. However, different discriminatory powers of particular indices were found depending on sex. In the analyses conducted for the modified definition of MetS among men, the largest AUC in ROC analyses was for CUN-BAE. Gomes-Marcos et al. also showed that, in a global analysis, the adiposity index that showed the highest odds ratio of MetS was CUN-BAE [31]. The results of our studies also revealed that the CUN-BAE index can relatively precisely assess the amount of adipose tissue. The correlation of CUN-BAE with %BF, measured by the bioimpedance method, was r = 0.873. A similar correlation of CUN-BAE with the actual amount of adipose tissue, determined by air displacement plethysmography (r = 0.89), was found by the index authors in the Spanish population [18].



The results of the analyses performed by us also revealed the relatively high usefulness of BRI to identify individuals with MetS. It should be emphasized that this index has shown a relatively strong correlation with WHtR (r = 0.999) in the Dutch population [32]. Its ability to identify metabolic disorders in both sexes has been confirmed by several studies [25,33,34]. The usefulness of BRI in our population was, by far, greater for females than for males, as in the Spanish population [31].



The usefulness of BMI in the evaluation of the risk of MetS occurrence was not significantly different from the usefulness of other indices and was clearly higher than that of ABSI. An optimal cut-off point for MetS, based on the standard definition, in our population for both sexes was the value of BMI = 27.2 kg/m2. A similar cut-off point for MetS both in men and in women (BMI = 27 kg/m2) was obtained by Ofer et al. [35]. Despite the fact that several papers stress the limitations of BMI [12,13,14], the results of our study, as well as some papers of other authors [31,36], suggest that BMI can be equally and sometimes even more useful clinically than other measures of obesity, assessed by means of more precise and more expensive methods.



The discriminatory power of %BF was slightly lower not only than those of WHtR, CUN-BAE, and BRI but also than that of BMI. It may result from the fact that in MetS development, the distribution of adipose tissue is more important than its percentage in the body, as underlined by several authors [37,38,39]. Moreover, it may also prove a small precision of the measurement of fat content by means of electric bioimpedance. However, even a more accurate measurement of total adipose tissue, i.e., the hydrostatic weighing method, defined as the gold standard in the study conducted by Ortega et al., did not show a greater usefulness of this index in the evaluation of cardiovascular disease mortality compared to BMI [36].



ABSI was an exception among the analyzed parameters because, despite the fact that it turned out to be significant, in all analyses it was definitely the weakest predictor of MetS. This result is in compliance with the findings of most other authors, who concluded in their studies that the lowest AUC for MetS and other cardiometabolic risk factors belonged to ABSI [25,31,34,40,41,42]. Only a few studies suggest that the combination of BMI and ABSI may be more effective than the standard usage of BMI or any other single index in clinical practice [43]. In men in the Spanish population, ABSI turned out to be a better anthropometric cardiovascular risk indicator than WHR and BMI [27]. Similarly, in the Chinese population, it was concluded that ABSI was the best anthropometric index for estimating the risk of coronary heart disease in males [44].



4.1. Limitations


Several limitations of the present study should be considered. Firstly, it was a cross-sectional study; therefore, no conclusions can be drawn regarding the changes in the anthropometric measures over time. Secondly, the study was limited to participants coming from only one region of Poland; hence, the applicability of these results may be limited for other populations. It should be taken into account that, among representatives of different populations of Caucasian origin, there are differences in body height and proportions that can change the relationship between body fat indicators and MetS risk [45]. In addition, in each population, there may also be different intensities of various confounding factors that make up lifestyle, which can also modify the above associations. As an indicator of socioeconomic position, we chose education because of the high non-response rate for income data. In the analysis, we also could not include an important confounding factor, i.e., the caloric value of the diet. Thirdly, this study defined MetS using IDF 2009 criteria. Therefore, further studies are needed to determine whether the results are consistent under different criteria. The obtained results should be approached with great caution also because of the limitations associated with the design of the indicators themselves. Their predictive models were, in many cases, developed on small numbers and were also based on inaccurate body composition analysis techniques, such as skinfolds or bioelectrical impedance analyses. The lowest level of ABSI discriminatory power can be explained by the fact that this indicator was constructed to predict the risk of mortality in long-term studies, while we used it as a MetS predictor in our cross-sectional study.




4.2. Strengths


An advantage of the study is, first and foremost, the large sample size. Moreover, the anthropometric indices of the participants were calculated on the basis of actual measurements and were not self-reported. Because the anthropometric cut-off points could be different for men and women, statistical analyses were performed separately for men and women. The analysis included numerous confounders related to MetS, such as physical activity, smoking, and alcohol consumption.





5. Conclusions


An anthropometric index showing greatest usefulness in MetS identification in the Polish population is WHtR. Optimal cut-off points for WHtR equaled 0.56 in men and 0.54 in women. Indices recommended subsequently are CUN-BAE for men and BRI for women. The results of our study confirmed a satisfactory usefulness of BMI and %BF for identifying MetS, whereas ABSI was found to be the weakest predictor of the syndrome. Our results showed that in a population where the average BMI was 28 kg/m2, over 57% of the participants were healthy (without MetS). Therefore, it may suggest that in using the above indicators and the proposed cut-off points, a large percentage of individuals were diagnosed as false positive. However, studies with a follow-up period of at least 10 years showed that obese individuals who were metabolically healthy had an increased risk of cardiovascular events and all-cause mortality compared to metabolically healthy individuals with a normal body weight [46]. Therefore, the cut-offs proposed in this study provide an earlier diagnosis of MetS than the commonly accepted obesity criterion (i.e., BMI ≥30 kg/m2). In our analysis, we included the classic MetS definition (i.e., three of five components according to the IDF) and a modified definition (i.e., two of four components other than WC). To avoid late diagnosis of MetS, consideration should be given to setting cut-off points for the indicators in question that would allow people with only one MetS component to be diagnosed.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6643/11/11/2598/s1, Table S1: Correlation coefficients between body size and shape, Table S2: Unadjusted odds ratios and 95% confidence intervals for MetS.





Author Contributions


Conceptualization, E.S., E.C., M.G.-O., T.R., S.G., and D.K. Formal analysis, E.S., E.C. and D.K. Funding acquisition, E.S., S.G. and D.K. Methodology, E.S., E.C. and S.G. Supervision, T.R. and S.G. Writing—original draft, E.S., M.G.-O. and D.K. Writing—review and editing, E.C., M.G.-O. and D.K.




Funding


The project was supported under the program of the Minister of Science and Higher Education under the name “Regional Initiative of Excellence” in 2019–2022, project number: 024/RID/2018/19, financing amount: 11.999.000,00PLN.




Acknowledgments


The study was conducted with the support of the Maria Sklodowska-Curie Institute of Oncology in Warsaw and the Polish-Norwegian Foundation Research Fund (study design).




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Marott, S.C.W.; Nordestgaard, B.G.; Tybjærg-Hansen, A.; Benn, M. Causal associations in type 2 diabetes development. J. Clin. Endocrinol. Metab. 2019, 104, 1313–1324. [Google Scholar] [CrossRef]

	



Weiss, R.; Dziura, J.; Burgrt, T.S.; Tamborlane, W.V.; Taksali, S.E.; Yeckel, C.W.; Allen, K.; Lopes, M.; Savoye, M.; Morrison, J.; et al. Obesity and the metabolic syndrome in children and adolescents. N. Engl. J. Med. 2004, 350, 2362–2374. [Google Scholar] [CrossRef]

	



Jahangiry, L.; Khosravi-Far, L.; Sarbakhsh, P.; Kousha, A.; EntezarMahdi, R.; Ponnet, K. Prevalence of metabolic syndrome and its determinants among Iranian adults: Evidence of IraPEN survey on a bi-ethnic population. Sci. Rep. 2019, 9, 7937. [Google Scholar] [CrossRef]

	



Csige, I.; Ujvárosy, D.; Szabó, Z.; Lőrincz, I.; Paragh, G.; Harangi, M.; Somodi, S. The Impact of Obesity on the Cardiovascular System. J. Diabetes Res. 2018, 2018, 3407306. [Google Scholar] [CrossRef]

	



GBD 2015 Obesity Collaborators; Afshin, A.; Forounzafar, M.H.; Reitsma, M.B.; Sur, P.; Estep, K.; Lee, A.; Marczak, L.; Mokdad, A.H.; Moradi-Lakeh, M.; et al. Health effects of overweight and obesity in 195 countries over 25 years. N. Engl. J. Med. 2017, 377, 13–27. [Google Scholar] [CrossRef]

	



Lauby-Secretan, B.; Scoccianti, C.; Loomis, D.; Grosse, Y.; Bianchini, F.; Straif, K. Body Fatness and Cancer—Viewpoint of the IARC Working Group. N. Engl. J. Med. 2016, 375, 794–798. [Google Scholar] [CrossRef]

	



Biskup, M.; Macek, P.; Król, H.; Nogajczyk, M.; Terek-Derszniak, M.; Skowronek, T.; Rugała, Z.; Góźdź, S. Predictions of the incidence of gastrointestinal cancers in the Świętokrzyskie region by the year 2025. Med. Stud./Stud. Med. 2019, 35, 32–40. [Google Scholar] [CrossRef]

	



Shaukat, A.; Dostal, A.; Menk, J.; Church, T.R. BMI Is a Risk Factor for Colorectal Cancer Mortality. Dig. Dis. Sci. 2017, 62, 2511–2517. [Google Scholar] [CrossRef] [PubMed]

	



Khan, S.S.; Ning, H.; Wilkins, J.T.; Allen, N.; Carnethon, M.; Berry, J.D.; Sweis, R.N.; Lloyd-Jones, D.M. Association of body mass index with lifetime risk of cardiovascular disease and compression of morbidity. JAMA Cardiol. 2018, 3, 280–287. [Google Scholar] [CrossRef] [PubMed]

	



Suliga, E.; Kozieł, D.; Głuszek, S. Prevalence of metabolic syndrome in normal weight individuals. Ann. Agric. Environ. Med. 2016, 23, 631–635. [Google Scholar] [CrossRef] [PubMed]

	



Kabała, M.M.; Wilczyński, J. Obesity and postural stability in women after mastectomy. Med. Stud./Stud. Med. 2019, 35, 48–54. [Google Scholar] [CrossRef]

	



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. 2010, 34, 791–799. [Google Scholar] [CrossRef] [PubMed]

	



Gomez-Ambrosi, J.; Silva, C.; Galofre, J.C.; Escalada, J.; Santos, S.; Millán, D.; Vila, N.; Ibañez, P.; Gil, M.J.; Valentí, V.; et al. Body mass index classification misses subjects with increased cardiometabolic risk factors related to elevated adiposity. Int. J. Obes. 2012, 36, 286–294. [Google Scholar] [CrossRef] [PubMed]

	



Batsis, J.A.; Mackenzie, T.A.; Bartels, S.J.; Sahakyan, K.R.; Somers, V.K.; Lopez-Jimenez, F. Diagnostic accuracy of body mass index to identify obesity in older adults: NHANES 1999–2004. Int. J. Obes. 2016, 40, 761–767. [Google Scholar] [CrossRef]

	



Durres Schutz, D.; Busetto, L.; Dicker, D.; Farpour-Lambert, N.; Pryke, R.; Toplak, H.; Widmer, D.; Yumuk, V.; Schutz, Y. European Practical and Patient-Centred Guidelines for Adult Obesity Management in Primary Care. Obes. Facts 2019, 12, 40–66. [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]

	



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

	



Gomez-Ambrosi, J.; Silva, C.; Catalan, V.; Rodriguez, A.; Galofre, J.C.; Escalada, J.; Valentí, V.; Rotellar, F.; Romero, S.; Ramírez, B.; et al. Clinical usefulness of a new equation for estimating body fat. Diabetes Care 2012, 35, 383–388. [Google Scholar] [CrossRef]

	



Malara, M.; Kęska, A.; Tkaczyk, J.; Lutosławska, G. Body shape index versus body mass index as correlates of health risk in young healthy sedentary men. J. Transl. Med. 2015, 13, 75. [Google Scholar] [CrossRef]

	



Suliga, E.; Kozieł, D.; Cieśla, E.; Rębak, D.; Głuszek, S. Dietary patterns in relation to metabolic syndrome among adults in Poland: A cross-sectional study. Nutrients 2017, 9, 1366. [Google Scholar] [CrossRef]

	



Suliga, E.; Kozieł, D.; Cieśla, E.; Rębak, D.; Głuszek, S. Relationship between sitting time, physical activity, and metabolic syndrome among adults depending on Body Mass Index (BMI). Med. Sci. Monit. 2018, 24, 7633–7645. [Google Scholar] [CrossRef] [PubMed]

	



Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.; Loria, C.M.; Smith, S.C., Jr.; et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120, 1640–1645. [Google Scholar] [PubMed]

	



IPAQ International Physical Activity Questionnaire (IPAQ)—The Long Form. Available online: http://www.sdp.univ.fvg.it/sites/default/files/IPAQ_English_self-admin_long.pdf (accessed on 15 March 2010).

	



Ashwell, M.; Gunn, P.; Gibson, S. Waist-to-height ratio is a better screening tool than waist circumference and BMI for adult cardiometabolic risk factors: Systematic review and meta-analysis. Obes. Rev. 2012, 13, 275–286. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, J.; Zhu, W.; Qiu, L.; Huang, L.; Fang, L. Sex- and Age-Specific Optimal Anthropometric Indices as Screening Tools for Metabolic Syndrome in Chinese Adults. Int. J. Endocrinol. 2018, 2018, 1067603. [Google Scholar] [CrossRef]

	



Amirabdollahian, F.; Haghighatdoost, F. Anthropometric Indicators of Adiposity Related to Body Weight and Body Shape as Cardiometabolic Risk Predictors in British Young Adults: Superiority of Waist-to-Height Ratio. J. Obes. 2018, 2018, 8370304. [Google Scholar] [CrossRef]

	



Corbatón Anchuelo, A.; Martínez-Larrad, M.T.; Serrano-García, I.; Fernández Pérez, C.; SerranoRíos, M. Body fat anthropometric indexes: Which of those identify better high cardiovascular risk subjects? A comparative study in Spanish population. PLoS ONE 2019, 14, e0216877. [Google Scholar] [CrossRef]

	



Castanheira, M.; Chor, D.; Braga, J.U.; Cardoso, L.O.; Griep, R.H.; Molina, M.D.C.B.; Da Fonseca, M.J.M. Predicting cardiometabolic disturbances from waist-to-height ratio: Findings from the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) baseline. Public Health Nutr. 2018, 21, 1028–1035. [Google Scholar] [CrossRef]

	



Can, A.S.; Yildiz, E.A.; Samur, G.; Rakiciğlu, N.; Pekcan, G.; Ozbayarakci, S.; Palaoğlu, K.E.; Gönen, M.; Bersot, T.P. Optimal waist: Height ratio cut-off point for cardiometabolic risk factors in Turkish adults. Public Health Nutr. 2010, 13, 488–495. [Google Scholar]

	



Bohr, A.D.; Laurson, K.; McQueen, M.B. A novel cutoff for the waist-to-height ratio predicting metabolic syndrome in young American adults. BMC Public Health 2016, 16, 295. [Google Scholar] [CrossRef]

	



Gomez-Marcos, M.A.; Gomez-Sanchez, L.; Patino-Alonso, M.C.; Recio-Rodriguez, J.I.; Gomez-Sanchez, M.; Rigo, F.; Marti, R.; Agudo-Conde, C.; Maderuelo-Fernandez, J.A.; Ramos, R.; et al. Capacity adiposity indices to identify metabolic syndrome in subjects with intermediate cardiovascular risk (MARK study). PLoS ONE 2019, 14, e0209992. [Google Scholar] [CrossRef]

	



Maessen, M.F.H.; Eijsvogels, T.M.H.; Verheggen, R.J.H.M.; Hopman, M.T.E.; Verbeek, A.L.M.; 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]

	



Stefanescu, A.; Revilla, L.; Lopez, T.; Sanchez, S.E.; Williams, M.A.; Gelaye, B. Using A Body Shape Index (ABSI) and Body Roundness Index (BRI) to predict risk of metabolic syndrome in Peruvian adults. J. Int. Med. Res. 2019, 30. [Google Scholar] [CrossRef] [PubMed]

	



Barazzoni, R.; Gortan Cappellari, G.; Semolic, A.; Ius, M.; Zanetti, M.; Gabrielli, A.; Pierandrea Vinci, P.; Guarnieri, G.; Simon, G. Central adiposity markers, plasma lipid profile and cardiometabolic risk prediction in overweight-obese individuals. Clin. Nutr. 2019, 38, 1171–1179. [Google Scholar] [CrossRef] [PubMed]

	



Ofer, K.; Ronit, L.; Ophir, A.; Amir, K. Normal body mass index (BMI) can rule out metabolic syndrome: An Israeli cohort study. Medicine 2019, 98, e14712. [Google Scholar]

	



Ortega, F.B.; Sui, X.; Lavie, C.J.; Blair, S.N. Body Mass Index, the Most Widely Used but also Widely Criticized Index: Would a Gold-Standard Measure of Total Body Fat be a Better Predictor of Cardiovascular Disease Mortality? Mayo Clin. Proc. 2016, 91, 443–455. [Google Scholar] [CrossRef] [PubMed]

	



Després, J.P.; Lemieux, I. Abdominal obesity and metabolic syndrome. Nature 2006, 444, 881–887. [Google Scholar] [CrossRef] [PubMed]

	



Perona, J.S.; Schmidt Rio-Valle, J.; Ramírez-Vélez, R.; Correa-Rodríguez, M.; Fernández-Aparicio, A.; González-Jiménez, E. Waist circumference and abdominal volume index are the strongest anthropometric discriminators of metabolic syndrome in Spanish adolescents. Eur. J. Clin. Investig. 2019, 49, e13060. [Google Scholar] [CrossRef]

	



Nakao, Y.M.; Miyawaki, T.; Yasuno, S.; Nakao, K.; Tanaka, S.; Ida, M.; Hirata, M.; Kasahara, M.; Hosoda, K.; Ueshima, K.; et al. Intra-abdominal fat area is a predictor for new onset of individual components of metabolic syndrome: MEtabolic syndRome and abdominaL ObesiTy (MERLOT study). Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 2012, 88, 454–461. [Google Scholar] [CrossRef]

	



Tian, S.; Zhang, X.; Xu, Y.; Dong, H. Feasibility of body roundness index for identifying a clustering of cardiometabolic abnormalities compared to BMI, waist circumference and other anthropometric indices: The China Health and Nutrition Survey, 2008 to 2009. Medicine 2016, 95, 34. [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]

	



Zaid, M.; Ameer, F.; Munir, R.; Rashid, R.; Farooq, N.; Hasnain, S.; Zaidi, N. Anthropometric and metabolic indices in assessment of type and severity of dyslipidemia. J. Phys. Anthropol. 2017, 36, 19. [Google Scholar] [CrossRef] [PubMed]

	



Krakauer, J.C.; Krakauer, N.Y. Combining Body Mass and Shape Indices in Clinical Practic. Case Rep. Med. 2016, 2016, 1526175. [Google Scholar] [CrossRef] [PubMed]

	



Wang, F.; Chen, Y.; Chang, Y.; Sun, G.; Sun, Y. New anthropometric indices or old ones: Which perform better in estimating cardiovascular risks in Chinese adults. BMC Cardiovasc. Disord. 2018, 18, 14. [Google Scholar] [CrossRef] [PubMed]

	



NCD Risk Factor Collaboration. A century of trends in adult human height. eLife 2016, 5, e13410. [Google Scholar] [CrossRef] [PubMed]

	



Kramer, C.K.; Zinman, B.; Retnakaran, M. Are Metabolically healthy overweight and obesity benign conditions? A systematic review and meta-analysis. Ann. Intern. Med. 2013, 159, 758–769. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 11 02598 g001 550] 





Figure 1. Receiver-operating characteristic curves of anthropometric indices to identify men and women with MetS (MetS classic: three or more components out of five). 
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Figure 2. Receiver-operating characteristic curves of anthropometric indices to identify men and women with MetS (MetS modified: two or more components out of four, other than WC). 
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Table 1. Anthropometric measurements and adiposity indexes of the subject groups.
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	Variables.
	Total (N = 12328)

X ± SD; Me (Q1–Q3)
	Males (N = 4094)

X ± SD; Me (Q1–Q3)
	Females (N = 8234)

X ± SD; Me (Q1–Q3)
	p Value





	Body height [cm]
	164.35 (8.64);

163.00 (158.00–170.00)
	173.25 (6.2