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Abstract

Background: Waist-related measures are commonly used to classify central adiposity and related comorbidities. This classification may be essential among children, as it may identify the risk of future non-communicable diseases.

Methods: A cross-sectional study was conducted in the Eastern Cape province, South Africa, among 459 primary school learners aged 9–14 years. Height, weight and waist circumference (WC) were measured using standardised techniques recommended by World Health Organization (WHO). The anthropometric measurements, including body mass index (BMI), WC, waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were computed and evaluated.

Results: Most participants were girls (57.70%) with an average age of 11.20 ± 1.60 years. The average weight was 38.81 kg ± 10.49 kg with an average height of 144.16 (standard deviation [s.d.] = 10.37) cm. The sample had a BMI of 18.41 kg/m2 (s.d. = 3.19). The results showed, on average, WC of 62.10 cm ± 8.12 cm, WHR of 0.82 ± 0.15 and WHtR of 0.44 ± 0.05. Girls reported significantly higher BMI, WC and WHtR. Based on WHtR, the results showed the acceptable ability to classify children according to abdominal obesity, thus identifying their risk for comorbidities.

Conclusion: Overall body fat indicated by BMI and central obesity shown by waist-related anthropometric measures can play a significant role in classifying children in terms of their risk of comorbidities.

Contribution: To prevent the risks of metabolic diseases in childhood, it is necessary to detect abdominal obesity early using WC-based anthropometric measurements, especially WHtR, to identify those at risk.
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Introduction

Childhood obesity is becoming a global public health problem in both developing and developed countries and has shown a significant increase in recent decades.1,2 It is a major contributory factor for several severe chronic diseases, such as cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM).1,3 Being overweight or obese has become more common in South Africa, which is concerning because having a high body mass index (BMI) increases the risk of developing numerous non-communicable diseases (NCDs).4 Several children are being affected by these chronic diseases when they are still young, with high risks of suffering from them throughout their lives.5 To prevent the problem of childhood obesity and overweight, it is necessary to have early detection of metabolic diseases.

Body mass index is a commonly used measure of body fat in children and adults. However, it does not distinguish between lean and fat mass and is a poor predictor of cardiometabolic risks.6 It is evident that central adiposity bears more health risks than total obesity measured by BMI. Therefore, it is ideal that waist circumference (WC), a proxy for central adiposity, should be included with BMI in a ‘matrix’ to classify health risks.7 Waist circumference is regarded as a better measure of abdominal obesity,8,9 and the preference for using WC in most of the recent research studies is because of its simplicity, sensitivity and precision as an indicator of central or abdominal obesity.10,11,12 Thus, the method is accurate in measurement, easy to administer to a large number of individuals, low cost and having increased predictive power, which is equivalent to the combined predictive efforts of BMI and waist-to-hip ratio (WHR).13

Additionally, in children and adolescents, WC is strongly associated with high abdominal fat, elevated blood pressure and insulin resistance.12 In children and teenagers, WC is a more reliable indicator of elevated insulin levels and changes in plasma triglycerides than BMI. It also shows a higher positive relationship with systolic and diastolic blood pressure.14 According to Yamanaka et al.,15 WC can be used for screening and identifying children at risk for metabolic disease early in life. Numerous research has found a correlation between children’s metabolic risk and WC cut points. Other measurements related to abdominal obesity are WHR and the waist-to-height ratio (WHtR). However, because of poor association with metabolic and cardiovascular risk factors compared to other clinical adiposity measurements, the use of WHR as a predictor of cardiovascular risk factors has decreased in recent years.16 On the other hand, WHtR is known to be a reliable measure of central obesity and helps predict cardiovascular risk factors17,18,19 and is also known to be a better predictor of diabetes as compared to BMI.7

Fredriksen et al.20 carried out a research study in Norway, measuring WC of 2271 school children comprising 6–12 year old boys and girls. The results showed that BMI, WC and WHR increased by age for both sexes, while WHtR decreased with age in girls. Boys between 10 years and 12 years had a larger WC than girls. Girls had more weight than boys, and the researchers concluded that WC and WHR were reliable tools for identifying abdominal or central obesity in children.20 Ugochukwu et al.21 measured 593 secondary school children between 10 years and 17 years old in rural and urban Nnewi, Southeast Nigeria. There were 289 boys and 304 girls. The researchers used WC and WHR measurements, and the results revealed that girls had more weight and BMI than boys, regardless of residence. Boys were slightly taller, while girls had higher WC and WHR measures than boys in rural and urban residences. The WC and WHR cut-offs vary by nation because of ethnicity, environmental and genetic variables.17

Not much is known about how common abdominal obesity is among South African primary school learners.6 A few studies have evaluated the prevalence of abdominal obesity among South African children, particularly those living in rural areas.8 Therefore, it is purely hypothetical as to whether abdominal obesity is common among primary school learners in rural South Africa. Ukegbu et al.22 conducted a research study in Western Cape, North West, Limpopo rural, KwaZulu-Natal, Limpopo urban and Mpumalanga with 4954 school children aged 10–14 years. There were 2406 boys and 2548 girls. The study used WC and WHR measurements to compare across the study sites. Girls had higher WC and WHR values than boys of all ages. Rural Limpopo learners had the lowest WC values compared to urban learners in other provinces. Girls had a higher BMI than boys in all provinces, both rural and urban. Height, weight, BMI, WC and WHR increase with age in all provinces.22

Waist circumference, WHR and WHtR are essential anthropometric measures for children and adults as they directly measure central adiposity. Rising central adiposity is related to increased morbidity and mortality from diabetes and heart disease.23 The current study aims to evaluate BMI, WC, WHR and WHtR and their respective classification regarding the risk to comorbidities among rural primary school learners aged 9–14 years in the Eastern Cape province, South Africa.

Methods

Study design

The researchers opted for a cross-sectional study design. Trained facilitators and data collectors were used for the data-collection process.

Measures

The major anthropometric measurements that were required included stature (cm), weight (kg), WC (cm) and hip (cm). The techniques of the International Society for the Advancement of Kinanthropometry’s (ISAK) were used to measure these anthropometric measurements. The measurements were then used to calculate BMI (kg/m2), WHR and WHtR. The weight and stature were used to determine the BMI. Waist hip ratio was calculated by dividing WC by hip while the WHtR was calculated by dividing WC by stature.

Sampling

A random sample comprising 459 primary school learners (194 boys and 265 girls) aged 9–14 years from 12 schools in the Eastern Cape province of South Africa was used for the study. Initially, two out of six provincial districts in the Eastern Cape were purposely selected. From these districts, 12 rural primary schools were chosen randomly from a database from the Eastern Cape Department of Education. The schools were initially arranged alphabetically and then grouped according to district municipality. Only six randomly selected schools were taken from each group. Because of the age requirement of 9–14 years, only Grades 5–7 were selected to participate in the study. The researchers collected the class registers from the class teachers to select the eligible participants. The researchers considered even numbers from the class registers to select the participants. It is important to note that the class registers are arranged alphabetically using learners’ surnames. This is a standard form of how registers are ordered in public schools. A 10th of the selected number of learners was sampled to partake in the study based on the availability of research resources, and the researchers had much confidence in achieving the required minimum sample size from the employed approach. The selected learners were then issued consent forms to be signed by their parents or guardians.24

Statistical analysis

The study used the Statistical Package for the Social Sciences (SPSS) version 29 for data analysis. A descriptive approach was adopted to describe and present the demographic and anthropometric characteristics of the respondents. To assess the gender (boys and girls) differences on anthropometric measurements, the independent samples T-Test was used. The one-way analysis of variance (ANOVA) test was adopted to assess the differences in anthropometric measurements by age (a categorical variable with three levels).

Ethical considerations

Ethical clearance to conduct this study and permission to collect data was granted by the University of Fort Hare’s Ethics Committee (certificate reference number: LYO011SGOM01). Additionally, the researchers obtained approval from the Department of Education and the Department of Health of the Eastern Cape province, South Africa, to carry out the study. As the study was focused on minors, selected learners were given parental consent forms to seek permission from their parents or guardians to participate.

Results

In Table 1, the results show that most of the 459 participants were girls (n = 265; 57.70%). The average age of the sample was 11.20 ± 1.60 years, with those aged between 11 years and 12 years constituting the greater proportion of the participants (n = 198; 43.10%). The average weight was 38.81 kg, with a standard deviation of 10.49. On average, the sampled participants were 144.16 (standard deviation [s.d.] = 10.37) cm tall with an average BMI of 18.41 kg/m2 (s.d. = 3.19). The results also showed an average WC of 62.10 cm (s.d. = 8.12) with an average WHR of 0.82 (s.d. = 0.15). On average, the samples’ WHtR was 0.44 (s.d. = 0.05).
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Table 2 presents the independent samples T-Test comparisons of the anthropometric measurements by gender. The test revealed no statistically significant differences in participants’ height by gender (p = 0.464). However, statistically significant differences were reported in weight (p = 0.014), BMI (p = < 0.001), WC (p = 0.039) and WHtR (p = 0.004). The mean levels showed that girls had statistically significantly higher measurements in all these anthropometric measurements than boys.
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In terms of the mean comparisons by age, the results in Table 3 revealed statistically significant differences for most of the anthropometric measurements (all p < 0.05) except for WHtR (p = 0.408). The post-hoc pairwise comparisons show that all the anthropometric measurements significantly increase by age of respondents except for WHR, where it generally decreases by age.
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Table 4 presents reference categories of body weight ranges for BMI, WC, WHR and WHtR for adolescents, which is the age range of participants in this study. Using Table 4 as a guide, Table 5 shows the classification of anthropometric measurements in identifying those at risk of central adiposity-related comorbidities. Using BMI, 1.1% (n = 5) of the participants were obese and at high risk of comorbidities. Most participants were classified under low risk of comorbidities, while only 2.8% were overweight and at increased risk of comorbidities. Regarding classification using WC, only 0.4% (n = 2) of the primary school learners had high central fat and were at high risk of comorbidities. This was followed by only one participant (0.2%) classified under moderate central fat and at increased risk of comorbidities. Most participants (n = 456; 99.3%) were at low risk of comorbidities. The results on WHR show that 13.7% (n = 63) had high central fat and were at high risk of comorbidities. Almost a similar number of participants (n = 70; 15.3%) were classified as having moderate central fat, of which the majority were girls (n = 66). Using WHR, 71.0% of the participants were classified as having normal central fat and at low risk of comorbidities. Lastly, using WHtR, 10.7% of the primary school learners had high central fat and were at high risk of comorbidities. Contrary to other anthropometric measurement classifications, WHtR showed that most participants (n = 334; 72.4%) were classified as having moderate central fat and at increased risk of comorbidities. A significant number (n = 76; 16.6%) were reported as having normal central fat and at low risk of comorbidities.
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Discussion

This study evaluated BMI, WC, WHR and WHtR among rural primary school children aged 9–14 years in Eastern Cape province, South Africa. Our findings revealed that, on average, the BMI is generally considered underweight (18.41 kg/m2 ± 3.19 kg/m2). This result supports the findings reported by Violet et al.,25 who also reported a generally underweight sample (17.4 kg/m2 ± 3.35 kg/m2) in a cross-sectional study conducted in a South African rural setting with primary school children aged 9–12 years. However, our result is contrary to that of Matsha et al.,26 who had, on average, a BMI of 20.5 kg/m2 ± 4.4 kg/m2, which generally indicates normal body weight. Their study was conducted among 1272 randomly selected learners, aged 10–16 years, comprising 446 black African learners, 696 mixed-ancestry learners and 130 Caucasians learners in both urban and rural settings of South Africa. The differences in ethnicity and setting could explain the differences that our study has compared to Matsha et al.26 However, BMI is a commonly used measure of body fat and does not capture abdominal obesity. It has been suggested that WC and related measures for central adiposity, such as WHR and WHtR, should be included together with BMI.

Our study revealed that girls reported significantly higher BMI, WC and WHtR measurements. Regardless of setting, girls have been reported as having higher BMI, WC and WHR values than boys.21,22 However, other studies have reported significantly higher levels of BMI25 and WHR26 in boys than in girls. Contrary to this, our study reported no significant differences in WHR by gender. Our study also reported that all the anthropometric measurements significantly increase by the age of respondents except for WHR, which generally decreases with age. Ukegbu et al.22 also reported that height, weight, BMI, WC and WHR increase with age among school children aged 10–14 years across several provinces in South Africa. Regarding central fat accumulation, our study showed that when using WC, both boys (61.82 cm ± 6.88 cm) and girls (63.34 cm ± 8.88 cm) have normal central fat accumulation. The classification was somewhat different when using WHR, where, on average, boys (0.83 ± 0.12) were regarded as having normal central fat accumulation, whereas girls (0.82 ± 0.16) were, on average, regarded as having moderate central fat accumulation. Further, based on WHtR, our findings showed that, on average, both boys and girls had moderate central fat accumulation.

The notable outcome from this study was that, based on WHtR, the results revealed the acceptable ability of this measurement to classify children according to abdominal obesity or central adiposity, hence knowing their risk of comorbidities. The inferior performance of BMI in classifying children according to abdominal obesity is because BMI is not sensitive to body fat distribution, especially central adiposity.27,28 In our study, when using BMI and WC classifications, both genders are, on average, at low risk of comorbidities, but when using WHR, boys are at low risk, while girls are at increased risk of comorbidities. However, when using WHtR, both boys and girls are, on average, considered to be at increased risk of comorbidities. The excellent performance of WHtR can be attributed to the fact that it is known to be a reliable measure of central obesity and helps predict cardiovascular risk factors.17,18 Body mass index is not sensitive to central obesity,27,28 while the WHR’s clinical value is unreliable because of its poor relationship with metabolic and cardiovascular risk factors compared to other central adiposity measurements. Further, several studies have reported that WHtR is a better predictor of comorbidities risk than BMI and WHR.7,19

In this present study, the contributing factors to high levels of central obesity include, among others, physical inactivity, sedentary behaviour and household physical activity-related chores.29 Gomwe et al.29 reported that primary school learners had low levels of physical activity (PA) and high engagement in sedentary behaviour. This means that the primary school children did not meet the health-based guidelines for PA and sedentary behaviour, which adversely affects children’s health, growth and development. The low levels of PA can be attributed to the lifestyle in which most learners use scholar transport to go to school rather than walking or cycling. Further, most learners, particularly girls, prefer indoor activities or spend time on household chores, which causes them to have lower levels of PA than boys.30 In addition, the Department of Education in South Africa replaced physical education (PE) with life orientation (LO), and this is not assisting in motivating primary school learners to participate in physical activities.29 It is widely believed that declining levels of PA have affected the physical fitness levels of learners, and this decline has significantly contributed towards several health risks like hypertension, obesity, diabetes mellitus and chronic heart diseases.31

Data from several studies suggest that central obesity is a complex disorder impacted by a variety of factors, including hereditary, demographic and lifestyle factors.32,33,34 Hereditary and demographic characteristics such as sex, age and ethnicity cannot be modified. In contrast, lifestyle factors such as physical inactivity and unhealthy dietary habits are often preventable through some theory-based interventions.32 In the South African context, such interventions, especially those based on social cognitive theory and the theory of planned behaviour and integrated with formative research with targeted populations, have effectively increased self-reported adherence to physical activity guidelines among students in South Africa.35 Additionally, food outlets that sell ultra-processed foods can form part of the solution to address and help reduce the availability and promotion of unhealthy food options to primary school learners.36 These interventions aim to empower learners with the necessary knowledge and skills to make healthier food choices and engage in more active lifestyles, ultimately working to reverse the trend of central obesity.

Limitations of the study

A significant limitation of this study is its inability to identify the factors leading to the prevalence of abdominal obesity among the sampled participants. Therefore, future research studies in South Africa should focus on understanding what factors influence the rising incidence and what interventions can best be made to reverse this trend of central obesity.

Conclusion

To conclude, the notable results from this research study revealed that WC-based anthropometric measurements, especially WHtR, play a significant role in identifying those at risk of central adiposity-related comorbidities. This ability of WHtR to capture central adiposity and its association with the risk of comorbidities among children shows the reliability of this measure in assessing abdominal obesity among children. To prevent the risks of metabolic diseases in childhood, it is necessary to detect central obesity early using WC-related anthropometric measurements as key indicators, especially WHtR. To reverse the trend of central obesity, it is necessary to develop interventions aimed at increasing physical activity, promoting healthier lifestyles and promoting education on dietary habits among primary school learners in South Africa.

Acknowledgements

The authors thank the schools in the Eastern Cape province and the school learners for participating in the study. In addition, we would like to extend our sincere gratitude to Prof. E. Seekoe and Prof. P. Lyoka for their assistance in the project.

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

Authors’ contributions

H.G., L.P. and C.S.M. have contributed to this article and approved its submission.

Funding information

Funding for this study was provided by the South African Medical Research Council (SAMRC) and the Health and Welfare Sector Education and Training Authority (HWSETA).

Data availability

The corresponding author, H.G., is willing to provide the data supporting the findings from the research upon reasonable request. Agreements on confidentiality between the authors, participants and other study stakeholders prevent the data from being made publicly available.

Disclaimer

The views and opinions expressed in this article are those of the authors and are the product of professional research. The article does not necessarily reflect the official policy or position of any affiliated institution, funder, agency or that of the publisher. The authors are responsible for this article’s results, findings, and content.

References


	1. 	Di Cesare M, Sorić M, Bovet P, et al. The epidemiological burden of obesity in childhood: A worldwide epidemic requiring urgent action. BMC Med. 2019;17:1–20. https://doi.org/10.1186/s12916-019-1449-8

	2. 	Mantzorou M, Papandreou D, Pavlidou E, et al. Maternal gestational diabetes is associated with high risk of childhood overweight and obesity: A cross-sectional study in pre-school children aged 2–5 years. Medicina. 2023;59(3):455. https://doi.org/10.3390/medicina59030455

	3. 	Mohajan D, Mohajan HK. Obesity and its related diseases: A new escalating alarming in global health. J Innov Med Res. 2023;2(3):12–23. https://doi.org/10.56397/jimr/2023.03.04

	4. 	Sekgala MD, Sewpaul R, Opperman M, Mchiza ZJ. Comparison of the ability of anthropometric indices to predict the risk of diabetes mellitus in South African males: SANHANES-1. Int J Environ Res Public Health. 2022;19(6):3224. https://doi.org/10.3390/ijerph19063224

	5. 	Motswagole BS, Ukegbu PO, Kruger HS, et al. Waist circumference percentiles of black South African children aged 10–14 years from different study sites. S Afr J Child Health. 2019;13(1):27–35.

	6. 	Muñoz-Hernando J, Escribano J, Ferré N, et al. Usefulness of the waist-to-height ratio for predicting cardiometabolic risk in children and its suggested boundary values. Clin Nutr. 2022;41(2):508–516. https://doi.org/10.1016/j.clnu.2021.12.008

	7. 	Ashwell M, Gibson S. Waist-to-height ratio as an indicator of ‘early health risk’: Simpler and more predictive than using a ‘matrix’ based on BMI and waist circumference. BMJ Open. 2016;6(3):e010159. https://doi.org/10.1136/bmjopen-2015-010159

	8. 	Woolcott OO, Bergman RN. Relative fat mass (RFM) as a new estimator of whole-body fat percentage – A cross-sectional study in American adult individuals. Sci Rep. 2018;8(1):10980. https://doi.org/10.1038/s41598-018-29362-1

	9. 	Burns SF, Arslanian SA. Waist circumference, atherogenic lipoproteins, and vascular smooth muscle biomarkers in children. J. Clin. Endocrinol. Metab. 2009;94(12):4914–4922. https://doi.org/10.1210/jc.2009-1301

	10. 	Wharton S, Christensen RA, Costanian C, Gershon T, Rodriguez-Saldana J. Obesity and diabetes: Clinical aspects. In: Joel R-S, editor The diabetes textbook: Clinical principles, patient management and public health issues. Cham: Springer International Publishing, 2023; p. 657–671.

	11. 	Ross R, Neeland IJ, Yamashita S, et al. Waist circumference as a vital sign in clinical practice: A consensus statement from the IAS and ICCR Working Group on visceral obesity. Nat Rev Endocrinol. 2020;16(3):177–189. https://doi.org/10.1038/s41574-019-0310-7

	12. 	Oliveira ID, Maciel NM, Costa BT, Soares AD, Gomes JM. Association between abdominal obesity, screen time and sleep in adolescents. J Pediatr. 2023;99:45–52. https://doi.org/10.1016/j.jped.2022.02.007

	13. 	Bassali R, Waller JL, Gower B, Allison J, Davis CL. Utility of waist circumference percentile for risk evaluation in obese children. Int J Pediatr Obes. 2010;5(1):97–101. https://doi.org/10.3109/17477160903111722

	14. 	Kulaga Z, Litwin M, Grajda A, et al. Oscillometric blood pressure percentiles for polish normal-weight school-aged children and adolescents. J Hypertens. 2012;30(10):1942–1954. https://doi.org/10.1097/hjh.0b013e328356abad

	15. 	Yamanaka AB, Davis JD, Wilkens LR, et al. Peer reviewed: Determination of child waist circumference cut points for metabolic risk based on Acanthosis nigricans, the Children’s Healthy Living Program. Prev Chronic Dis. 2021;18:E64. https://doi.org/10.5888/pcd18.210021

	16. 	Baioumi AY. Comparing measures of obesity: Waist circumference, waist-hip, and waist-height ratios. In: Watson RS, editor. Nutrition in the prevention and treatment of abdominal obesity. Tucson, AZ: Mel and Enid Zuckerman College of Public Health School of Medicine Arizona, Health Sciences Center, 2019; p. 29–40.

	17. 	Bojanic D, Ljubojevic M, Krivokapic D, Gontarev S. Waist circumference, waist-to-hip ratio, and waist-to-height ratio reference percentiles for abdominal obesity among Macedonian adolescents. Nutr Hosp. 2020;37(4):786–793. https://doi.org/10.20960/nh.03006

	18. 	Inokuchi M, Matsuo N, Takayama JI, Hasegawa T. Population-based waist circumference reference values in Japanese children (0–6 years): Comparisons with Dutch, Swedish and Turkish preschool children. J Pediatr Endocrinol Metab. 2021;34(3):349–356. https://doi.org/10.1515/jpem-2020-0418

	19. 	Ke JF, Wang JW, Lu JX, Zhang ZH, Liu Y, Li LX. Waist-to-height ratio has a stronger association with cardiovascular risks than waist circumference, waist-hip ratio and body mass index in type 2 diabetes. Diabetes Res Clin Pract. 2022;183:109151. https://doi.org/10.1016/j.diabres.2021.109151

	20. 	Fredriksen PM, Skår A, Mamen A. Waist circumference in 6–12-year-old children: The Health Oriented Pedagogical Project (HOPP). Scand J Public Health. 2018;46(21_Suppl):12–20. https://doi.org/10.1177/1403494818767790

	21. 	Ugochukwu EF, Onubogu CU, Okeke KN, Ofora VC, Uju CM. Waist circumference, waist-to-height ratio and body mass index as parameters of obesity among public secondary school students. Eur J Med Health Sci. 2020;2(4):1–8. https://doi.org/10.24018/ejmed.2020.2.4.385

	22. 	Ukegbu PO, Motswagole BS, Kruger HS, et al. Waist circumference percentiles of black South African children aged 10–14 years from different study sites. S Afr J Child Health. 2019;13(1):27–35. https://doi.org/10.7196/SAJCH.2019.v13i1.1543

	23. 	Casadei K, Kiel J. Anthropometric measurement. Treasure Island, FL: StatPearls Publishing; 2021.

	24. 	Gomwe H, Phiri L, Marange SC. The mediating role of social support in promoting physical activity among children in South Africa. S Afr Fam Pract. 2023;79(1):1896. https://doi.org/10.4102/sajp.v79i1.1896

	25. 	Violet KM, Abel LT, Sunday OO. Relationship between aerobic fitness and cardiometabolic disease risk in South African children. Gazz Med Ital. 2020;179(1–2):1–6. https://doi.org/10.23736/s0393-3660.18.03955-4

	26. 	Matsha TE, Kengne AP, Yako YY, Hon GM, Hassan MS, Erasmus RT. Optimal waist-to-height ratio values for cardiometabolic risk screening in an ethnically diverse sample of South African urban and rural school boys and girls. PLoS One. 2013;8(8):e71133. https://doi.org/10.1371/journal.pone.0071133

	27. 	Clark JR. Positional assessment and physical fitness characteristics of male professional soccer players in South Africa science. Afr J Phys Health Educ Recreat Dance [serial online]. 2007 [cited n.d.];13(4):453–464. Available from: http://hdl.handle.net/2263/5107

	28. 	Wells JC. Sexual dimorphism of body composition. Best Pract Res Clin Endocrinol Metab. 2007;21(3):415–430. https://doi.org/10.1016/j.beem.2007.04.007

	29. 	Gomwe H, Seekoe E, Lyoka P, Marange CS, Mafa D. Physical activity and sedentary behaviour of primary school learners in the Eastern Cape province of South Africa. S Afr Fam Pract. 2022;64(1):a5381. https://doi.org/10.4102/safp.v64i1.5381

	30. 	Craig E, Bland R, Reilly J. Objectively measured physical activity levels of children and adolescents in rural South Africa: High volume of physical activity at low intensity. Appl Physiol Nutr Metabol. 2013;38(999):81–84. https://doi.org/10.1139/apnm-2012-0115

	31. 	Micklesfield LK, Pedro TM, Kahn K, et al. Physical activity and sedentary behavior among adolescents in rural South Africa: Levels, patterns and correlates. BMC Public Health. 2014;14(1):1–10. https://doi.org/10.1186/1471-2458-14-40

	32. 	Al-Hazzaa HM, Abahussain NA, Al-Sobayel HI, Qahwaji DM, Musaiger AO. Lifestyle factors associated with overweight and obesity among Saudi adolescents. BMC Public Health. 2012;12:354. https://doi.org/10.1186/1471-2458-12-354

	33. 	Grigorakis DA, Georgoulis M, Psarra G, Tambalis KD, Panagiotakos DB, Sidossis LS. Prevalence and lifestyle determinants of central obesity in children. Eur J Nutr. 2016;55:1923–1931. https://doi.org/10.1007/s00394-015-1008-9

	34. 	Tavakol Z, Ghannadi S, Tabesh MR, et al. Relationship between physical activity, healthy lifestyle and COVID-19 disease severity; a cross-sectional study. Z Gesundh Wiss. 2023;31(2):267–275. https://doi.org/10.1007/s10389-020-01468-9

	35. 	Heeren GA, Jemmott JB, III, Marange CS, et al. Health-promotion intervention increases self-reported physical activity in sub-Saharan African university students: A randomized controlled pilot study. Behav Med. 2018;44(4):297–305. https://doi.org/10.1080/08964289.2017.1350134

	36. 	Baloyi C, Kesa H, Kuhudzai A, Onyenweaku E. South African fast food outlets contribution towards curbing obesity: Managements’ perspective. Afr J Hosp Tour Leis. 2023;12(3):973–988. https://doi.org/10.46222/ajhtl.19770720.411



OPS/SAFP-66-5932-T3.jpg
TABLE 3: Comparisons of anthropometric measurements by age of respondents.

Anthropometric ~ 9-10 years 11-12 years 13-14 years P
measurements (n = 115) (n=198) (n= 146)

(Meantsd)  (Mean £s.d.) (Mean +s.d.)
Height (cm) 13539°6.91  142.69°+7.18 153.85°£7.66  <0.001*
Weight (kg) 30.66°£518  37.40°+7.80 47.16°+10.88  <0.001*
BMI (kg/m?) 16.91°£210  18.27°%2.95 19.78°+363  <0.001*
WC (cm) 58.48°£598  6160°%6.75 67.52°+891  <0.001*
WHR 0.85°+0.21 0.81°£0.07 0820016  0.028*
WHR 0.44+0.04 043005 0.4410.05 0.408

BMI, body mass index; WC, waist circumference; WHR, waist-hip ratio; WHR, waist-to-

height ratio; s.d., standard deviation.

*<, Grouping for the one-way analysis of variance (ANOVA) post-hoc pairwise comparisons.
Represents statistically significant different mean levels.

* pvalue < 0.05 statistically significant differences.
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TABLE 2: Comparisons of anthropometric measurements by gender.

Anthropometric Boys (1 = 194) Girls (i = 265) P
measurements (Mean  5.d.) (Mean  s.d.)

Height (cm) 14457 +10.18 143.85 + 10.51 0.464
Weight (kg) 37.47£8.65 39.79+11.57 0.014*

BMI (kg/m?) 17.7242.34 18.92+3.62 <0.001*
WC (cm) 61.82+6.88 63.34+8.88 0.039*
WHR 0.83+0.12 0.82£0.16 0.757
WHER 0.43+0.04 0.44 +0.05 0.004*

BMI, body mass index; WC, waist circumference; WHR, waist-hip ratio; WHR, waist-to-
height ratio; s.d., standard deviation.
* pvalue < 0.05, statistically significant differences.
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TABLE 5: Classification of anthropometric measurements and risk of central
adiposity-related comorbidities.

Anthropometric Risk of comorbidities

measurements Very low Low Increased High

BMI (kg/m?)

Boys and girls (cut-off <185 18510249 25.01029.9 230

points) (kg/m?)

n 297 144 13 5

% 64.7 314 238 11

Classification Underweight Normal weight Overweight  Obese

Waist circumference (cm)

Boys (cut-off points) - <94 94101019 2102

(cm)

n - 194 0 0

% - 1000 00 00

Girls (cut-off points) - <80 80t087.9 288

(cm)

n - 262 1 2

% - 98.9 04 038

Total (boys and girls)

n - 456 1 2

% - 993 02 04

Classification - Normal Moderate  High central
centralfat central fat fat

Waist-hip ratio

Boys (cut-off points) - <095  096t0<100  21.00
n - 184 4 6
% - 9.8 28} 31
Girls (cut-off points) - <080 08110085 2086
n - 142 66 57
% - 536 249 215
Total (boys and girls)
n - 326 70 63
% - 71.0 153 13.7
Classification - Normal Moderate High
centralfat  centralfat  central fat

Waist-to-height ratio

Boys and girls (cut-off - <04 04t0<0.5 205

points)

Boys -

n - 32 147 15

% - 165 75.8 77

Girls -

" - 44 187 34

% - 166 70.6 12.8

Total (boys and girls)

n - 76 334 49

% - 166 724 10.7

Classification - Normal Moderate High
central fat __central fat__central fat

BMI, body mass index.
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TABLE 4: Classification of body weight according to anthropometric measurements.

Anthropometric Body weight
MEAsUremERts Normal weight  Overweight Obese
BMI (kg/m?)

Boys and girls (cut-off points)  185-24.9  25.0t029.9 230
Waist circumference (cm)

Boys (cut-off points) <94 94101019 2102
Girls (cut-off points) <80 801087.9 >88
Waist-hip ratio

Boys (cut-off points) <095 0.96 to < 1.00 >1.00
Girls (cut-off points) <0.80 081t00.85 2086
Waist-to-height ratio

Boys and girls (cut-off points) <04 04t0<05 205

BMI, body mass index.
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TABLE 1 Blographlc and anthropometric characteristics of respondents (V= 459).

n % Mean t£s.d.
194 42.30 -
265 57.70 =
Age (in years) - - 11.20+1.60
Age categories - - -
9-10 years 115 25.10 -
11-12 years 198 43.10 -
13-14 years 146 31.80 -
Weight (in kg) - ) 38.81+10.49
Height/stature (in cm) - - 144,16 +10.37
BMI (in kg/m?) - - 18.41+3.19
Waist circumference (in cm) - - 62.70+8.12
Waist-hip ratio : - 0.82+0.15
Waist-to-height ratio - - 0.44£0.05

BMI, body mass index: s.d., standard deviation.






