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Abstract

:

The accumulation of body fat is an important cardiometabolic risk factor; however, there is no consensus about which measure is more reliable for the assessment of cardiometabolic risk in people with intellectual disabilities. The aim of the present study was to primarily validate the submandibular skinfold as an anthropometric measurement of cardiometabolic risk in children, adolescents, and adults with intellectual disabilities, using a cross-sectional study made up of 131 people (67.2% men) with mild and moderate intellectual disability. The cardiometabolic risk indicators used were: body mass index (kg/m2), neck circumference (cm), waist circumference (cm), calf circumference (cm) and waist-to-height ratio. Moderate correlations were demonstrated between the submandibular skinfold measure and the anthropometric measurements analyzed in the three age categories, showing the highest correlation (r = 0.70) between the submandibular skinfold and BMI in the adolescent group and waist-to-height ratio in adults. The implementation of the submandibular skinfold measurement is suggested as an easy, fast, and minimally invasive anthropometric measurement as part of the physical and nutritional evaluation for the assessment of cardiometabolic risk in people with intellectual disabilities.
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1. Introduction


The prevalence of obesity is a global problem that has increased in recent years, reaching pandemic levels, and this is associated in all its degrees with an increased risk of chronic diseases and mortality from all causes [1,2,3]. Evidence has shown associations between a high body mass index (BMI) and a significant increase in mortality from cardiovascular diseases, diabetes, and kidney disease [4]. The association between BMI and mortality is stronger at younger than at older ages, decreasing life expectancy from age 40 in obese people (BMI ≥ 30.0 kg/m2) compared to individuals of healthy weight [5]. The risk of multimorbidity and obesity is even higher in people with an intellectual disability (ID) compared to the general population [6], leading to poorer health than their peers without disabilities. In addition, people with ID are at an increased risk of cardiometabolic disorders due to high rates of chronic inflammation, high use of psychotropic drugs, and limited access to health care, in addition to modifiable factors such as sedentary lifestyle and unhealthy diets, which contribute to early morbidity and mortality in this population [7,8].



For the assessment of cardiometabolic risk, BMI has been widely considered as a simple and easy-to-calculate anthropometric metric to assess obesity and adverse metabolic outcomes in children, adolescents, and adults as it is well correlated with adiposity [9], which, as well as waist circumference, is similarly strongly associated with cardiovascular disease in young and older adults of both sexes [10]. However, it is not considered the most accurate indicator because people with a normal body weight and BMI can also present metabolic disorders [11]. Waist circumference, waist-to-height ratio and waist-to-hip ratio have also been considered as indicators of central obesity, appearing to be slightly better predictors than BMI [12,13] and complement the identification of cardiovascular risk factors. Skinfolds represent a more direct and easy-to-use measure of adiposity for examining trunk and overall obesity, which may give a better insight of the relationship between adiposity, cardio-metabolic risk, and later obesity in children and adolescents [14], suggesting that skinfold thickness could be used to measure obesity with the advantage of indicating fat distribution [15]. BMI has been validated as a stronger indicator than skinfold thickness in overweight youth [16]; however, the prediction of cardiometabolic risk is more optimal when both measurements are combined. Neck and calf circumferences have been negatively and independently associated with the risk of cardiovascular disease at 10 years, contributing to the prediction of cardiovascular risk beyond traditional anthropometric measurements [17,18].



In people with an ID, BMI cannot always be used due to neuromuscular coordination disorders that could impair the ability to step on a scale, as well as psychological barriers that can make conventional body-weight measurement difficult. However, BMI can be recommended for the estimation of cardiometabolic risk complemented with the body adiposity index [19]. In this context, the submandibular skinfold has been proposed as an indicator of subcutaneous fat, accessible and easy to measure through a single skinfold, whose measurement can effectively identify an excess of weight [20], in addition to the deposit of fat that occurs with increasing BMI and age [21]. In people with an ID, some body-composition indicators such as waist circumference, fat area, skinfolds, and waist-to-height ratio have been positively correlated with cardiometabolic risk factors [22]. However, the submandibular skinfold has not been validated and is not usually considered a predictor of cardiometabolic risk in this population, despite its easy and rapid application compared to other more invasive anthropometric measurements that require more instruments and evaluation time. To be considered as a reliable test, the skinfold measurement should have small changes in the mean, a low standard error of measurement, and a high test–retest correlation between repeated trials [23]. To ensure the above, a flexible inelastic tape and skinfold calipers are employed to perform skinfold measurements in the different regions, standardizing the used protocols [24]. In this study, the submandibular fold was measured following the above, by applying a caliper and repeating the same protocol each time. With this, the aim of the present study was to primarily validate the submandibular skinfold as an anthropometric measurement of cardiometabolic risk in children, adolescents, and adults with an ID.




2. Materials and Methods


2.1. Design and Participants


The present was a descriptive, non-experimental, and cross-sectional study. The sample consisted of 131 people with mild and moderate ID of both sexes (67.2% men), belonging to two special educational centers and two non-schooled social groups of people with ID from the city of Santiago, Chile. The data of the participants was extracted in the context of the development of ¨Ludo-Inclusion 19¨ project, belonging to the Vice-rector’s Office for Community Outreach (VIME, in Spanish) of Universidad de Santiago de Chile, between the months of August and November of 2021. The parents and/or guardians of the participants had to sign an informed consent prior to conducting the study, where they voluntarily approved the participation of their pupils. For its part, the authorization of the authorities belonging to the centers and groups involved was required. The study complies with the guidelines set forth in the Declaration of Helsinki (2014) and has the approval of the ethics committee of the University of Granada, code 2052/CEIH/2021. The following inclusion criteria were considered: (1) diagnosis of mild or moderate ID, intelligence quotient (IQ) (≤69 and ≥49), obtained through the “Wechsler Intelligence Scale for Children” or WISC III [25] in the case of minors (<18 years), and using the WAIS IV or “Wechsler Intelligence Scale for Adults-IV” [26] in the case of participants >18 years, whose information was obtained from the clinical records of each center; and (2) have independent autonomy and mobility. The following exclusion criteria were considered: (1) having some type of motor disability and (2) being dependent on a wheelchair. The groups were classified according to age into three categories (a) children: 5–11 years; (b) adolescents: 12–17 years; (c) adults: 18–45 years. There was no pubertal stage or maturation differentiation between the groups of children and adolescents The groups categorization by age were founded in evidence of different existing percentiles of anthropometric measurements by sex and age, as well as cut-off points to assess central obesity in children, adolescents, and adults. In fact, BMI and waist circumference show differences by age [27,28], tending to increase its values with age [29] and suggesting that mortality risk is also age related [30].




2.2. Cardiometabolic Risk


The cardiometabolic risk indicators used in the present study were: body weight (kg), height (cm), BMI (kg/m2), neck circumference (cm), submandibular skinfold (cm), waist circumference (cm), calf circumference (cm), and waist-to-height ratio. Body weight and height were measured following the protocol of the World Health Organization [31], with the participants wearing light clothing and without shoes, using a 206 SECA model digital scale and a portable stadiometer, respectively. Neck, abdomen, and calf circumferences were measured using a 201-SECA-model inelastic measure tape. The measurement of the neck circumference was performed standing and in an upright position, with the head positioned in the Frankfort horizontal plane, placing the measure tape at the midpoint of the neck height [32]. Waist circumference was measured at the midpoint between the iliac crest and the last rib, at the end of the expiratory movement [31], while the calf circumference was measured in the widest section of the distance between the ankle and the knee, in the calf area [33]. The measurement of the submandibular fold was made by applying a Slim Guide caliper (Rosscraft, Surrey, Canada) previously validated [34], in a bipedal position and looking forward, at the point of the line that joins the thyroid cartilage and the chin, in an anteroposterior direction [35], as Figure 1 shows. The waist–height ratio (WC (cm)/height (cm)) was calculated based on the absolute values of the aforementioned measurements. The indicators used to quantify obesity were BMI and waist circumference, which have been established as easy-to-apply tools in clinical practice to assess cardiovascular risk in overweight or obese patients [36].




2.3. Statistic Analysis


The results were analyzed using version 26 SPSS software (SPSS Inc., IBM Corp., Armonk, New York, NY, USA). The Kolmogorov–Smirnov test was performed to assess the normality distribution of the data. For continuous variables, mean and standard deviation (SD) were presented and for categorical variables, frequency and percentages. Pearson’s I and Spearman’s correlation coefficients for body weight, height, neck circumference, waist circumference, calf circumference, BMI, and waist–height ratio were used. Correlation values I < 0.30 were considered negligible, 0.30–0.49 low, 0.50–0.69 moderate, 0.70–0.89 high and 0.90–1.00 very high [37] and intraclass correlation (ICC) (neck circumference, waist circumference, and calf circumference) to establish concordance between the variables obtained from different anthropometric tests and the submandibular skinfold. ICC values < 0.50 were considered low reliability, values between 0.50 and 0.75 were considered moderate reliability, values between 0.75 and 0.90 were considered good reliability and values between 0.90 and 1.00 were considered excellent reliability [38]. Finally, Bland–Altman plots were made to perform the graphical representation of comparison between submandibular fold and neck, waist, and calf circumference. A significance level of 5% (p < 0.05) was considered.





3. Results


The sample included a total of 131 people (67.2% men), with a mean age of 16 years (SD: 7.2) among the three age categories. The means for body weight and height were 57.9 (SD: 23.1) and 1.51 (0.17), respectively. The highest BMI was recorded in the adult group, with a value of 27.8 kg/m2 (SD: 8.0). The means for neck, waist, and calf circumference were established at 35.0 cm (SD: 5.7), 79.1 cm (SD: 16.8) and 32.8 cm (SD: 5.7), respectively. The largest submandibular skinfold measurement was observed in the group of adults, with an average of 0.89 cm (SD: 0.40) (Table 1).



Table 2 shows the correlation between the variables obtained from different anthropometric tests. A moderate correlation is observed between the measurement of the submandibular fold (cm) and body weight (r = 0.48), waist circumference (r = 0.53) and neck-abdomen index (r = 0.53); and a high correlation with BMI (r = 0.63) and waist-to-height ratio (r = 0.62), for the three age categories. The highest correlation between tests (r = 0.70) was established in the adolescent group for BMI and waist–height ratio in adults. The concordance between the tests is observed in Table 2 and Figure 2, Figure 3 and Figure 4, showing a moderate concordance (ICC = 0.66) between the submandibular fold measurement and calf circumference in all groups. In the analysis via age, the highest concordance was established between the submandibular fold test and neck circumference (ICC = 0.67) in children and the calf circumference in adolescents (ICC = 0.71) and adults (ICC = 0.75), respectively.




4. Discussion


The present study aimed to primarily validate the submandibular skinfold as an anthropometric measure of cardiometabolic risk in Chilean children, adolescents, and adults with an ID. The main results of the study show a moderate correlation between the submandibular skinfold measurement and the anthropometric measurements analyzed in all age groups, as well as significant correlations between the submandibular skinfold and calf and neck circumferences, in the adolescent/adult and children group, respectively.



The measurement of BMI in the general population has been widely used because, together with total adiposity, it correlates positively with the risk of cardiometabolic disease [39], which in the case of children with an ID exceeds the values recommended by the World Health Organization [40], making them more prone to obesity from an early age. Our study shows a high BMI in the adult group, which coincides with previous studies in people with an ID that show an increase in BMI and body weight in the age groups of 18 to 29 and 30 to 39 years, and then decrease when older [41]. In an ID population, BMI and waist circumference have been established as appropriate measurements, not recommending skinfold thickness measurements due to participant noncompliance and eventual lack of precision and inaccurate results [42]. However, other authors have proposed other anthropometric indicators in addition to BMI and waist circumference, such as skinfolds, hip circumference and relaxed arm circumference, adjusted by height to define metabolic syndrome in a population with ID [43]. Along the same line, the present study proposes the measurement of the submandibular skinfold as a non-invasive anthropometric measurement, showing the highest values in the adult group. In studies of obese children, significant associations between neck circumference and body weight, height, waist circumference, hip circumference, and skinfold thickness were found only in normal-weight girls and not in boys, nor in both sexes with obesity [44]. Other studies propose the submandibular skinfold as a new measure to assess nutritional status and obesity in newborns and children, demonstrating a high correlation between it and BMI, the sum of the four conventional skinfolds, arm circumference, arm fat area, and body fat percentage [34]. Consistent with previous studies, our results demonstrated a moderate correlation between the submandibular skinfold measurement and body weight, waist circumference, and neck–abdomen ratio, as well as a high correlation between BMI and waist-to-height ratio measurements in all age groups. Likewise, the submandibular skinfold has been shown to correlate with BMI, body weight, neck circumference, brachial circumference, and bicep and tricep skinfolds in young adults [45]. In addition, studies to estimate the cardiometabolic risk in people with HIV have established significant correlations between neck circumference and BMI, waist circumference, hip circumference, waist–hip ratio, and waist–height ratio [46]. Skinfold-thickness measurements have been demonstrated to have correlation with other health parameters such as abnormal glucose and insulin regulation [47], while arterial stiffness has been presented as an indicator of hypertension [48]. The submandibular skinfold has specifically been associated with high blood pressure, diabetes mellitus, and inguinal hernias in both sexes [21].



As a result, the submandibular skinfold is presented as an easy and accessible anthropometric measurement, which is related to other anthropometric measurements and body-composition indexes. Therefore, this measure could be included as a minimally invasive and low-cost alternative for the anthropometric evaluation of people with an ID, being part of the physical and nutritional evaluations of this population.



Some limitations of the study in regard to participants was the no-differentiation according to the Tanner scale for the assessment of pubertal stage in children in comparison with the other age groups, as well as the differentiated information for each syndrome associated with intellectual disability. In other aspects, the lack of consideration of the lifestyle-associated variables of the participants such as physical activity level, nutritional status, and associated diseases could have influenced the obtained results. Moreover, the study did not consider gold standard methods, such as magnetic resonance imaging (MRI) or dual X-ray absorptiometry (DXA) for the assessment of body composition, specifically fat mass, lean body mass, bone mass, and/or muscle mass [49]. In this context, the proposed skinfold could be used as a subcutaneous fat measurement to make a comparison between fat mass and cardiovascular risk factors in populations with ID. In addition, no correlation was established by sex or adjustment according to sociodemographic variables or other factors that could give greater value to the results according to the categories. One of the strengths of the study is the novelty it brings in being focused on establishing correlations of the submandibular fold with specific anthropometric measurements for Chilean people with an ID, whose population and country lack similar studies. In addition, the division by age groups makes possible a more segmented analysis of the population with ID, establishing parameters and conclusions for each group according to their anthropometric characteristics and specific needs for their application in school contexts, thus proposing a new alternative for assessing cardiometabolic risk that could be incorporated into future assessment batteries for the physical condition of people with an ID.




5. Conclusions


The present study showed moderate correlations between the submandibular skinfold measure and the anthropometric measurements analyzed (body weight, waist circumference, BMI, and waist-to-height ratio) in the three age categories, showing the highest correlation between the submandibular skinfold and BMI in the adolescent group and waist-to-height ratio in adults. As a result, our study suggests a great potential of the submandibular skinfold as a minimally invasive anthropometric measurement, one capable of an easy and rapid estimation in assessing cardiometabolic risk in people with an ID. Further studies should be carried out on this subject, incorporating this skinfold as a body-fat measurement in relation to cardiovascular risk factors in children, adolescents, and adults with an ID and as a method of research, evaluation, and the monitoring of physical and nutritional status in this population.







Author Contributions


P.F.-H., C.F.-V., G.F., S.Á.-A., H.V.-F., and P.V.-M. conceived, designed, and helped to write and revise the manuscript; G.F. and P.V.-M. were responsible for coordinating the study, contributed to the intellectual content, and revised the manuscript; P.F.-H. and C.F.-V. interpreted the data, and helped to write and revise the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Research Ethics Committee of the University of Granada under the registration code 2052/CEIH/2021.




Informed Consent Statement


Informed consent was obtained from all subjects involved in this study to participate in it and to publish this article.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Blüher, M. Obesity: Global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 2019, 15, 288–298. [Google Scholar] [CrossRef]

	



Lopez-Jimenez, F.; Almahmeed, W.; Bays, H.; Cuevas, A.; Di Angelantonio, E.; le Roux, C.W.; Sattar, N.; Sun, M.C.; Wittert, G.; Pinto, F.J.; et al. Obesity and cardiovascular disease: Mechanistic insights and management strategies. A joint position paper by the World Heart Federation and World Obesity Federation. Eur. J. Prev. Cardiol. 2022, 29, 2218–2237. [Google Scholar] [CrossRef]

	



Riquelme, R.; Rezende, L.F.M.; Guzmán-Habinger, J.; Chávez, J.L.; Celis-Morales, C.; Ferreccio, C.; Ferrari, G. Non-communicable diseases deaths attributable to high body mass index in Chile. Sci. Rep. 2021, 11, 15500. [Google Scholar] [CrossRef] [PubMed]

	



González-Pérez, A.; Saez, M.; Vizcaya, D.; Lind, M.; Garcia Rodriguez, L. Incidence and risk factors for mortality and end-stage renal disease in people with type 2 diabetes and diabetic kidney disease: A population-based cohort study in the UK. BMJ Open Diabetes Res. Care 2021, 9, e002146. [Google Scholar] [CrossRef]

	



Bhaskaran, K.; Dos-Santos-Silva, I.; Leon, D.A.; Douglas, I.J.; Smeeth, L. Association of BMI with overall and cause-specific mortality: A population-based cohort study of 3·6 million adults in the UK. Lancet Diabetes Endocrinol. 2018, 6, 944–953. [Google Scholar] [CrossRef]

	



Lynch, L.; McCarron, M.; McCallion, P.; Burke, E. Sedentary behaviour levels in adults with an intellectual disability: A systematic review and meta-analysis. HRB Open Res. 2021, 4, 69. [Google Scholar] [CrossRef] [PubMed]

	



Trollor, J.; Salomon, C.; Curtis, J.; Watkins, A.; Rosenbaum, S.; Samaras, K.; Ward, P.B. Positive cardiometabolic health for adults with intellectual disability: An early intervention framework. Aust. J. Prim. Health 2016, 22, 288–293. [Google Scholar] [CrossRef] [PubMed]

	



Zwack, C.C.; McDonald, R.; Tursunalieva, A.; Vasan, S.; Lambert, G.W.; Lambert, E.A. Stress and social isolation, and its relationship to cardiovascular risk in young adults with intellectual disability. Disabil. Rehabil. 2022, 21, 1–12. [Google Scholar] [CrossRef]

	



Visseren, F.L.; Mach, F.; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Bäck, M.; Benetos, A.; Biffi, A.; Boavida, J.-M.; Capodanno, D.; et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice: Developed by the Task Force for cardiovascular disease prevention in clinical practice with representatives of the European Society of Cardiology and 12 medical societies With the special contribution of the European Association of Preventive Cardiology (EAPC). Eur. Heart J. 2021, 42, 3227–3337. [Google Scholar]

	



Steinberger, J.; Daniels, S.R.; Hagberg, N.; Isasi, C.R.; Kelly, A.S.; Lloyd-Jones, D.; Pate, R.; Pratt, C.; Shay, C.; Towbin, J.; et al. Cardiovascular health promotion in children: Challenges and opportunities for 2020 and beyond: A scientific statement from the American Heart Association. Circulation 2016, 134, e236–e255. [Google Scholar] [CrossRef]

	



Kavaric, N.; Klisic, A.; Soldatovic, I.; Bjelakovic, B. Can Waist Circumference Be a Reliable Anthropometric Parameter in Healthy Normal Weight and Overweight Adolescents? Iran. J. Public Health 2015, 44, 883–884. [Google Scholar] [PubMed]

	



Golabi, S.; Ajloo, S.; Maghsoudi, F.; Adelipour, M.; Naghashpour, M. Associations between traditional and non-traditional anthropometric indices and cardiometabolic risk factors among inpatients with type 2 diabetes mellitus: A cross-sectional study. J. Int. Med. Res. 2021, 49, 3000605211049960. [Google Scholar] [CrossRef] [PubMed]

	



Palacios, C.; Pérez, C.M.; Guzmán, M.; Ortiz, A.P.; Ayala, A.; Suárez, E. Association between adiposity indices and cardiometabolic risk factors among adults living in Puerto Rico. Public Health Nutr. 2011, 14, 1714–1723. [Google Scholar] [CrossRef]

	



Di Gravio, C.; Krishnaveni, G.V.; Somashekara, R.; Veena, S.R.; Kumaran, K.; Krishna, M.; Karat, S.C.; Fall, C.H.D. Comparing BMI with skinfolds to estimate age at adiposity rebound and its associations with cardio-metabolic risk markers in adolescence. Int. J. Obes. 2019, 43, 683–690. [Google Scholar] [CrossRef] [PubMed]

	



Liu, X.-C.; Liu, L.; Yu, Y.-L.; Huang, J.-Y.; Chen, C.-L.; Lo, K.; Huang, Y.-Q.; Feng, Y.-Q. The Association of Subscapular Skinfold with All-Cause, Cardiovascular and Cerebrovascular Mortality. Risk Manag. Healthc. Policy 2020, 13, 955–963. [Google Scholar] [CrossRef]

	



Gaya, A.R.; Brand, C.; Dias, A.F.; Gaya, A.C.A.; Lemes, V.B.; Mota, J. Obesity anthropometric indicators associated with cardiometabolic risk in Portuguese children and adolescents. Prev. Med. Rep. 2017, 8, 158–162. [Google Scholar] [CrossRef]

	



Hsiang, C.H.; Wu, C.J.; Kao, T.W.; Chen, W.L. Calf circumference and risk of cardiovascular disease. Geriatr. Gerontol. Int. 2020, 20, 1133–1137. [Google Scholar] [CrossRef]

	



Silva, A.; Araujo, L.F.; Diniz, M.; Lotufo, P.A.; Bensenor, I.M.; Barreto, S.M.; Giatti, L. Neck Circumference and 10-Year Cardiovascular Risk at the Baseline of the ELSA-Brasil Study: Difference by Sex. Arq. Bras. Cardiol. 2020, 115, 840–848. [Google Scholar] [CrossRef]

	



Zwierzchowska, A.; Celebańska, D.; Rosołek, B.; Gawlik, K.; Żebrowska, A. Is body mass index (BMI) or body adiposity index (BAI) a better indicator to estimate body fat and selected cardiometabolic risk factors in adults with intellectual disabilities? BMC Cardiovasc. Disord. 2021, 21, 119. [Google Scholar]

	



García, R.; Octavio, C.; Garibay, L.; González, O. Diagnostic precision of the submandibular skinfold, minimum waist circumference and minimum waist to height ratio, as adipose overweight and obesity indicators in children. Clin. Nutr. Hosp. Diet. 2017, 37, 162–172. [Google Scholar]

	



Alvarez Torices, J.C.; Franch Nadal, J.; Alvarez Guisasola, F.; Hernández Mejía, R.; Cueto Espinar, A. Submandibular fold. An alternative for the assessment of subcutaneous fat. Med. Clin. 1994, 102, 5–9. [Google Scholar]

	



Ramos-Urrea, C.; Paoli, M.; Camacho, N.; Cicchetti, R.; Valeri, L.; Cammarata-Scalisi, F. Factores de riesgo cardiometabólico en niños y adolescentes con síndrome de Down y su relación con indicadores de composición corporal. An. Venez. Nutr. 2019, 32, 1. [Google Scholar]

	



Hume, P.; Marfell-Jones, M. The importance of accurate site location for skinfold measurement. J. Sports Sci. 2008, 26, 1333–1340. [Google Scholar] [CrossRef] [PubMed]

	



Alencastro, P.R.; Barcellos, N.T.; Wolff, F.H.; Ikeda, M.L.R.; Schuelter-Trevisol, F.; Brandão, A.B.M.; Fuchs, S.C. People living with HIV on ART have accurate perception of lipodystrophy signs: A cross-sectional study. BMC Res. Notes 2017, 10, 1–8. [Google Scholar]

	



Ramírez, V.; Rosas, R. Estandarización del WISC-III en Chile: Descripción del Test, Estructura Factorial y Consistencia Interna de las Escalas. Psykhe. 2007, 16, 91–109. [Google Scholar] [CrossRef]

	



Rosas, R.; Tenorio, M.; Pizarro, M.; Cumsille, P.; Bosch, A.; Arancibia, S.; Carmona, M.; Pérez-Salas, C.P.; Pino, E.; Vizcarra, B.; et al. Estandarización de la Escala Wechsler de Inteligencia Para Adultos: Cuarta Edición en Chile. Psykhe 2014, 23, 1–18. [Google Scholar] [CrossRef]

	



Weir, C.B.; Jan, A. BMI Classification Percentile And Cut Off Points; StatPearls Publishing: Treasure Island, FL, USA, 2022. [Google Scholar]

	



Marrodán Serrano, M.D.; Román, E.; Carmenate, M.; González-Montero de Espinosa, M.; Herráez, A.; Alfaro, E.L.; Lomaglio, D.B.; López-Ejeda, N.; Mesa, M.S.; Vázquez, V.; et al. Waist circumference percentiles for Hispanic-American children and comparison with other international references. Am. J. Hum. Biol. 2021, 33, e23496. [Google Scholar] [PubMed]

	



Moura, B.; Santos, I.; Goulart, A.; Schmidt, M.; Lotufo, P.; Bensenor, I.; Baena, C. Neck and waist circumference values according to sex, age, and body-mass index: Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). Braz. J. Med. Biol. Res. 2020, 53, e9815. [Google Scholar] [CrossRef]

	



Nuttall, F.Q. Body Mass Index: Obesity, BMI, and Health: A Critical Review. Nutr. Today 2015, 50, 117–128. [Google Scholar] [CrossRef]

	



World Health Organization. Obesity: Preventing and Managing the Global Epidemic; WHO: Geneva, Switzerland, 2000. [Google Scholar]

	



Pereira, D.C.R.; Araújo MFMd Freitas RWJFd Teixeira, C.R.d.S.; Zanetti, M.L.; Damasceno, M.M.C. La circunferencia del cuello como posible indicador del síndrome metabólico en universitarios. Rev. Lat. -Am. Enferm. 2014, 22, 973–979. [Google Scholar] [CrossRef]

	



Cuervo, M.; Ansorena, D.; García, A.; Martínez, G.; Astiasarán, I.; Martinez, J.A. Valoración de la circunferencia de la pantorrilla como indicador de riesgo de desnutrición en personas mayores. Nutr. Hosp. 2009, 24, 63–67. [Google Scholar] [PubMed]

	



Esparza-Ros, F.; Moreira, A.C.; Vaquero-Cristóbal, R.; Barrigas, C.; Albaladejo-Saura, M.; Vieira, F. Differences between Four Skinfold Calipers in the Assessment of Adipose Tissue in Young Adult Healthy Population. Nutrients 2022, 14, 2085. [Google Scholar] [PubMed]

	



Zaragozano, J.F.; Aznar, L.M.; de Frenne, L.M.; Lozano, M.B.; Solana, C.F.; Chueca, A.S.; Sánchez, M.B. Valoración del pliegue adiposo submandibular para la determinación del estado nutricional en la infancia y adolescencia. An. Esp. Pediatr. 1997, 47, 258–262. [Google Scholar]

	



Moreno González, M.I. Circunferencia de cintura: Una medición importante y útil del riesgo cardiometabólico. Rev. Chil. Cardiol. 2010, 29, 85–87. [Google Scholar] [CrossRef]

	



Hinkle, D.E.; Wiersma, W.; Jurs, S.G. Applied Statistics for the Behavioral Sciences; Houghton Mifflin College Division: Boston, MA, USA, 2003; Volume 663. [Google Scholar]

	



Koo, T.K.; Li, M.Y. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef]

	



Goossens, G.H. The Metabolic Phenotype in Obesity: Fat Mass, Body Fat Distribution, and Adipose Tissue Function. Obes. Facts 2017, 10, 207–215. [Google Scholar] [CrossRef]

	



Ungurean, B.C.; Cojocariu, A.; Abalașei, B.A.; Popescu, L.; Puni, A.R.; Stoica, M.; Pârvu, C. The Analysis of the Correlations between BMI and Body Composition among Children with and without Intellectual Disability. Children 2022, 9, 582. [Google Scholar] [CrossRef]

	



Agiovlasitis, S.; Jin, J.; Yun, J. Age-Group Differences in Body Mass Index, Weight, and Height in Adults With Down Syndrome and Adults With Intellectual Disability From the United States. Adapt. Phys. Activ. Q. 2021, 38, 79–94. [Google Scholar] [CrossRef]

	



Casey, A.F. Measuring body composition in individuals with intellectual disability: A scoping review. J. Obes. 2013, 2013, 628428. [Google Scholar] [CrossRef]

	



Ramos-Jiménez, A.; Hernández-Torres, R.P.; Wall-Medrano, A.; Villalobos-Molina, R. Metabolomic (anthropometric and biochemical) indexes and metabolic syndrome in adolescents and young adults with intellectual disabilities. Res. Dev. Disabil. 2014, 35, 2987–2992. [Google Scholar] [CrossRef]

	



Hassan, N.E.; Atef, A.; El-Masry, S.A.; Ibrahim, A.; Abu Shady, M.M.; Al-Tohamy, M.; Kamel, I.H.; Elashry, G.I.A. Neck Circumference as a Predictor of Adiposity among Healthy and Obese Children. Open Access Maced. J. Med. Sci. 2015, 3, 558–562. [Google Scholar] [CrossRef] [PubMed]

	



Aznar, L.M.; Zaragozano, J.F.; Martínez, G.R.; Chueca, A.S.; Sánchez, M.B. Masa grasa corporal en niños y adolescentes de sexo masculino. An. Esp. Pediatr. 1999, 51, 629–632. [Google Scholar]

	



Oliveira, N.A.; Guimarães, N.S.; Silva, S.; Messias, A.C.; Lopes, G.F.; Nascimento-Júnior, I.B.D.; Vieira-Filho, S.A.; Caligiorne, R.B.; de Figueiredo, S.M. Correlations among neck circumference and anthropometric indicators to estimate body adiposity in people living with HIV. Rev. Soc. Bras. Med. Trop. 2021, 54, e0649-2020. [Google Scholar] [PubMed]

	



Sievenpiper, J.L.; Jenkins, D.J.; Josse, R.G.; Leiter, L.A.; Vuksan, V. Simple skinfold-thickness measurements complement conventional anthropometric assessments in predicting glucose tolerance. Am. J. Clin. Nutr. 2001, 73, 567–573. [Google Scholar] [CrossRef] [PubMed]

	



Selcuk, A.; Bulucu, F.; Kalafat, F.; Cakar, M.; Demirbas, S.; Karaman, M.; Ay, S.A.; Saglam, K.; Balta, S.; Demirkol, S.; et al. Skinfold thickness as a predictor of arterial stiffness: Obesity and fatness linked to higher stiffness measurements in hypertensive patients. Clin. Exp. Hypertens. 2013, 35, 459–464. [Google Scholar] [CrossRef] [PubMed]

	



Müller, M.J.; Braun, W.; Pourhassan, M.; Geisler, C.; Bosy-Westphal, A. Application of standards and models in body composition analysis. Proc. Nutr. Soc. 2016, 75, 181–187. [Google Scholar] [CrossRef]








[image: Ijerph 20 01658 g001 550] 





Figure 1. Submandibular fold measurement protocol. 
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Figure 2. Bland–Altman plots for the comparison between the submandibular skinfold and neck, waist, and calf circumferences in children with ID. STS: spur-to-spur; SD: standard deviation. 
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Figure 3. Bland–Altman plots for the comparison between the submandibular skinfold and neck, waist, and calf circumferences in adolescents with DI. STS: spur-to-spur; SD: standard deviation. 
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Figure 4. Bland–Altman plots for the comparison between the submandibular skinfold and neck, waist, and calf circumferences in adults with DI. STS: spur-to-spur; SD: standard deviation. 
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Table 1. Descriptive analysis (n [%] or mean [SD]) of indicators of overweight/obesity by age category.
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	Variable
	Total (n = 131)
	Children (n = 43)
	Adolescents (n = 39)
	Adults (n = 49)
	p Value





	Age (years)—Average (SD)
	16 (7.2)
	8.2 (2.1)
	14.1 (1.5)
	23.2 (5.2)
	



	Sex—n (%)
	
	
	
	
	



	Women
	43 (32.8)
	12 (27.9)
	12 (30.8)
	19 (38.8)
	



	Men
	88 (67.2)
	31 (72.1)
	27 (69.2)
	30 (61.2)
	



	Anthropometry—Average (SD)
	
	
	
	
	



	Body weight (kg)
	57.9 (23.1)
	35.3 (15.7)
	63.6 (21.4)
	69.2 (18.2)
	<0.001 a**



	Height (cm)
	1.51 (0.1)
	1.33 (0.1)
	1.61 (0.1)
	1.58 (0.1)
	<0.001 a**



	Neck circumference (cm)
	35.0 (5.7)
	30.0 (3.6)
	35.4 (3.9)
	38.0 (6.0)
	<0.001 a**



	Submandibular fold (cm)
	0.85 (0.3)
	0.80 (0.3)
	0.85 (0.3)
	0.89 (0.4)
	0.628



	Waist circumference (cm)
	79.1 (16.8)
	66.1 (13.6)
	79.0 (16.2)
	87.1 (15.1)
	<0.001 b**



	Calf circumference (cm)
	32.8 (5.7)
	27.9 (5.4)
	33.7 (5.9)
	34.9 (4.5)
	<0.001 a**



	BMI (kg/m2)
	24.2 (6.8)
	18.8 (5.8)
	24.4 (6.4)
	27.8 (8.0)
	<0.001 a**



	Waist–height ratio
	0.51 (0.1)
	0.49 (0.1)
	0.49 (0.0)
	0.55 (0.1)
	<0.001 b**







SD: Standard deviation; BMI: body mass index; a = ANOVA one way; b = Kruskal–Wallis; significance value ** p = < 0.001.
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Table 2. Correlation between variables obtained from different anthropometric tests by age categories.
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Variables

	
Total

(n = 131)

	
Children

(n = 43)

	
Adolescents (n = 39)

	
Adults

(n = 49)




	
Submandibular Fold (cm)




	

	
r

	
ICC

	
r

	
ICC

	
r

	
ICC

	
r

	
ICC






	
Body weight (kg)

	
0.48 **

	

	
0.57 **

	

	
0.56 **

	

	
0.51 **

	




	
Height (cm)

	
0.08

	
0.01

	
0.43 **

	
0.06

	
−0.01

	
0.00

	
−0.34

	
0.03




	
Neck circumference (cm)

	
0.35 **

	
0.49 **

	
0.51 **

	
0.67 **

	
0.38 *

	
0.55 **

	
0.31 *

	
0.45 *




	
Waist circumference (cm)

	
0.53 b**

	
0.39 **

	
0.58 b**

	
0.50 *

	
0.53 b**

	
0.42 *

	
0.56 b**

	
0.44 *




	
Calf circumference (cm)

	
−0.39 **

	
0.66 **

	
0.48 **

	
0.63 **

	
0.61 **

	
0.71 **

	
0.61 **

	
0.75 **




	
BMI (kg/m2)

	
0.63 **

	

	
0.65 **

	

	
0.70 **

	

	
0.63 **

	




	
Waist–height ratio

	
0.62 b**

	

	
0.54 b**

	

	
0.60 b**

	

	
0.70 b**

	








* p < 0.05; ** p = < 0.001. r: Pearson (p); b Spearman (np); ICC: Intraclass correlation.
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