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Abstract: Background: The current “epidemic” of childhood obesity is described as being 

driven by modern lifestyles with associated socioeconomic and environmental changes that 

modify dietary habits, discourage physical activity and encourage sedentary behaviors. 

Objective: To evaluate the association between household income and the availability of 

electronic devices and transport at home, and the values of waist circumference (WC), as 

an indicator of abdominal obesity, in children and adolescents from Bucaramanga, 

Colombia. Methods: Cross-sectional study of public elementary and high school 

population, of low-middle socioeconomic status. Results: A total of 668 schoolchildren 

were recruited. After adjusting for potential confounders, significant positive associations 

between waist circumference and higher household income (p = 0.011), and waist 

circumference and the availability of electronic devices and transport at home (p = 0.026) 

were found. Conclusions: In low-middle socioeconomic status schoolchildren in a 

developing country, those from relatively more affluent families had greater waist 

circumference, an association that is opposite to that observed in developed countries.  

This finding could be related to higher income family’s ability to purchase electronic 
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devices and motorized transport which discourage physical activity and for their children to 

buy desirable and more costly western fast food.  

Keywords: childhood obesity; abdominal obesity; waist circumference; electronic devices; 

household income; socioeconomic status; Colombia 

 

1. Introduction 

The high prevalence of obesity among children is an internationally recognized public health 

concern [1]. Obesity among children has immediate adverse effects on quality of life [2], self-esteem [3] 

and experience of discrimination [4]. Moreover, childhood obesity can persist into adulthood [5] and 

increases the risk of cardiovascular and metabolic diseases [6,7], giving rise to an increased healthcare 

burden. The causes of obesity are multi-factorial, but ultimately depends on an imbalance between 

energy intake (food consumed) and energy expenditure (basal metabolic rate, diet induced 

thermogenesis and physical activity) [8]. This issue is of increasing relevance in developing countries, 

such as Colombia, where a rapid transition to a westernized lifestyle and environment is thought to 

underlie steep increases in the prevalence of obesity [9–11]. 

Western or modern lifestyles and environments are thought to discourage regular physical activity 

and encourage sedentary behaviors in children [12]. In particular, sedentary screen-based behaviors, 

such as computer use and television (TV) watching, may displace physical activity and are 

independently associated with obesity [13]. Regular physical activity is essential for maintaining 

muscular function, metabolic homeostasis and cardiovascular health [14,15]. In contrast, physical 

inactivity seems to promote the development of obesity and pathophysiological sequelae already at a 

young age, and this fact is of special importance since physical activity in children is also declining [16]. 

Physical inactivity is associated with overweight in childhood [17] and tracks from childhood into 

adulthood when it is an independent predictor of premature mortality [18]. Moreover, the spread of 

western lifestyles in developing countries is also contributing to a high intake of energy-rich foods, 

animal and vegetable, and refined sugars [9,10]. 

Socioeconomic status (SES; i.e., household income) is also thought to be an important determinant 

of obesity [19]. For instance, it has been described that inequalities in nutrition could be related to  

socio-economic inequalities and household characteristics [20]. While the relationship between SES 

and obesity in children is inconsistent in developed countries, in developing countries there appears to 

be a strong positive association between the two [21]. The obesity-SES association could vary by sex, 

age, and country. However, in general, SES groups with greater access to energy-dense diets (low-SES 

in industrialized countries and high-SES in developing countries) are at increased risk of being obese 

than their counterparts [22]. The analysis reported in this paper, as a subanalysis of the ACFIES study, 

aims to evaluate the cross-sectional association between household income and the availability of 

electronic devices and motorized transport at home, and the values of waist circumference (WC), as a 

sensitive marker of abdominal obesity, in children and adolescents from the city of Bucaramanga in 

Colombia, a developing country. 
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2. Experimental Section  

2.1. Study Population 

During the 2011–2012 school year, we conducted the cross-sectional component of the Association 

between Cardiorespiratory Fitness, Muscular Strength and Body Composition with Metabolic Risk 

Factors in Colombian Children (ACFIES) study to identify the prevalence and associations of 

cardiovascular risk factors (including glycemic status, lipid profile and inflammatory state, among 

others), in a sample of schoolchildren from both sexes, enrolled in public elementary and high schools 

(grades 5 and 6), belonging to a low-middle socioeconomic status (SES 1–3 on a scale of 1–6 defined 

by the Colombian government). These SES were selected, as these represent the vast majority of the 

Colombian population. All the recruited participants met the general ACFIES inclusion criteria: age 

range 8 to 14 years, not having any physical disability and be free of any acute infection lasting less 

than 2 weeks before the inclusion. A non-probabilistic sampling was used to select the participating 

schools, and within these schools the entire universe of children who fulfilled the inclusion criteria 

were invited to participate in the study until the estimated sample size was reached.  

The study protocol was in accordance with the Declaration of Helsinki, and the health research 

ethics board of the Ophthalmological Foundation of Santander—FOSCAL approved all study 

procedures. The children expressed their interest in participating in the study, and parents or legal 

guardians gave written informed consent, before the children were included in the study. 

2.2. Sample Size 

In the ACFIES study, the sample size was based on a calculation of the number of subjects 

estimated to enable a correlation of 0.40 between handgrip strength and C-reactive protein to be 

demonstrated [23], with a null hypothesis of 0.27, an alpha value of 0.05 and a power of 0.80. 

Anticipating potential data loss, an additional 10% of participants were recruited. 

2.3. Exposures of Interest: Household Income, Electronic Devices and Transport 

Data on socioeconomic status and home facilities were assessed by parental questionnaires. Parents 

were asked to indicate their monthly household income. This information was obtained in Colombian 

pesos (COP) and for the analysis was converted to U.S. dollars (USD; 1 USD = 1,800 COP).  

The Colombian minimum monthly wage (MMW) is 328 USD. In this analysis the household incomes 

were categorized as: low income: <1 MMW; low-middle income: 2 to 3 MMW; and middle income: 

>3 MMW.  

Parents were also asked to indicate which of the following devices were in their homes:  

TV, refrigerator, computer and motorized transport (vehicle and/or motorcycle). We analyzed the 

presence or absence of each of the electronic devices or transport, without consideration for the 

quantity of each one. These devices were selected on the basis of their likely availability in the 

population studied and their possible associations with sedentary behaviors and dietary patterns.  
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2.4. Outcome of Interest: Waist Circumference 

All anthropometric measurements were performed by well-trained health workers to minimize 

coefficients of variation. WC was determined at the middle point between the lower edge of the ribs 

and the iliac anterior spine. The measurement was made at the end of a normal expiration while the 

subject stood upright. WC was measured using a measuring tape with spring scale (Ohaus 8004-MA, 

NJ, USA) and registered in centimeters (cm).  

Other anthropometric measurements were weight and height. Participant’s body weight was 

measured to the nearest 0.1 kg on an electronic device (Tanita BC544, Tokyo, Japan), in underwear 

and without shoes, and height was measured to the nearest 0.1 cm using a mechanical stadiometer with 

platform (Seca 274, Hamburg, Germany). BMI was calculated by dividing body weight by the square 

of height (BMI = weight (kg)/height2 (m)). All measurements were according to the procedures as 

previously described by Lohman et al. [24].  

2.5. Other Covariates 

We considered sex, age, pubertal development and cardiorespiratory fitness (CRF) as potential 

confounders for the hypothesized associations. Pubertal development was assessed by Tanner stage of 

breast development in girls and testicular volume in boys [25]. CRF was evaluated using the level-1 

Yo-Yo intermittent recovery test (YYIRT) [26]. The test consisted of 20-m shuttle runs performed at 

increasing speeds with 10 seconds of active recovery in a distance of 5-m between runs until 

exhaustion. The end of the test was considered when the participant twice failed to reach the front line 

in time (objective evaluation) or he felt unable to complete another shuttle at the dictated speed 

(subjective evaluation). The total distance covered during the YYIRT level 1 was considered as the test 

score. CRF is not only a sensitive and reliable measure of habitual physical activity [27], but also a 

relatively low-cost and useful health indicator [28]. 

2.6. Statistical Analysis  

Descriptive statistics were computed for variables of interests, and included mean values and 

standard deviations of continuous variables and absolute and relative frequencies of categorical factors. 

Normality of distribution was checked for continuous variables using the Sktest and Shapiro-Wilk test. 

Wilconcox Rank Sum test was used to investigate the differences in continuous variables. Testing for 

differences in categorical variables was accomplished using the Pearson’s chi-squared test (Chi2). 

Moreover, we used robust linear regression models to assess the hypothesized associations. These 

analyses were adjusted for the potential confounders described above. All statistical analysis was 

carried out using Stata statistical software, release 11.0 (Stata Corporation, College Station, TX, USA). 

A p < 0.05 was considered statistically significant.  
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3. Results and Discussion 

3.1. Results 

The results presented in this manuscript are a subanalysis of the main ACFIES study. A total of  

668 children and adolescents were recruited, of which 351 (52.5%) were boys. The overall mean age 

was 11.5 (±1.1) years. Significant differences in height (1.45 ± 0.08 vs. 1.44 ± 0.09) (p = 0.01) and 

WC (64.86 ± 9.02 vs. 66.92 ± 10.24) (p = 0.01) were found between girls and boys, respectively. 

Demographic and anthropometric data are presented in Table 1. 

Table 1. Demographic and anthropometric data. 

 Total (n = 668) Girls (n = 317) Boys (n = 351) 

Age (years) a 11.52 ± 1.13 11.52 ± 1.10 11.51 ± 1.16 

Anthropometric measures a 
Weight (kg) 40.08 ± 10.07 40.33 ± 9.77 39.86 ± 10.35 
Height (m) 1.45 ± 0.09 1.45 ± 0.08  1.44 ± 0.09 b 
BMI (kg/m2) 18.87 ± 3.61 18.81 ± 3.52 18.93 ± 3.68 
Waist circumference (cm) 65.95 ± 9.73 64.86 ± 9.02 66.92 ± 10.24 b 

Tanner stage (n-%) 
1 368 (55.1) 149 (47.0) 219 (62.4) c 
2 207 (30.9) 109 (34.4) 98 (27.9) 
3 78 (11.7) 53 (16.7) 25 (7.1) 

Household Income a 559.6 (444.02) 521.8 (363.01) 593.2 (387.3) b 

Devices (n-%) 
Refrigerator at home  602 (93.2) 281 (93.1) 322 (93.3) 
TV at home  639 (98.5) 295 (97.4) 344 (99.4) 
Computer at home 360 (55.8) 159 (52.8) 201 (58.4) 
Transport at home 305 (48.8) 131 (44.9) 174 (52.4) 

Notes: a Data are presented as mean ± standard deviation for continuous variables. b 

Wilconcox Rank Sum test p < 0.01. c p < 0.001 Pearson’s chi-squared test (Chi2). BMI: 

Body mass index. TV: Television. Transport: Motorized transport (vehicle and/or 

motorcycle). 

The most commonly available device at home was TV (98.5%), while refrigerator, computer and 

motorized transport were only present in 93.0%, 55.8% and 48.8% of the overall participant’s homes, 

respectively. A significant positive association between income level and availability of the evaluated 

electronic devices and transport at homes was observed (Table 2). As shown in Table 2, TV was 

available in most of the participant’s homes, independently of their income level; therefore it was 

excluded for convenience from further association analysis.  

After adjusting for potential confounders (age, sex, pubertal development and CRF), using a robust 

linear regression, significant positive and independent relations between WC and both household 

income (p = 0.011) and availability of electronic devices and transport at home (p = 0.026) were  

found (Table 3).  
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Table 2. Association between socioeconomic status and the availability of the evaluated 

electronic devices and transport (vehicle and/or motorcycle) at home.  

 
Total  

(n = 626) 
Middle Income 

(n = 194) 
Low-Middle Income 

(n = 297) 
Low Income 

(n = 135) 

Refrigerator at home a 573 (93.0%) 188 (97.9%) 271 (93.1%) 114 (85.7%)
TV at home b 608 (98.5%) 192 (100%) 286 (98.3%) 130 (97.0%)

Computer at home a 343 (55.8%) 139 (72.4%) 161 (55.5%) 43 (32.3%) 
Transport at home a 291 (48.8%) 117 (62.2%) 132 (47.5%) 42 (32.3%) 

Notes: a p < 0.001 Pearson’s chi-squared test (Chi2). b p < 0.05 Pearson’s chi-squared test (Chi2).  

TV: Television. Transport: Motorized transport (vehicle and/or motorcycle).  

Table 3. Relationship between waist circumference and both household income and the 

availability of the evaluated electronic devices and transport (vehicle and/or motorcycle)  

at home. 

Variable Coef. Std. Err. 95% CI p Value 

Household Income 0.002 0.001 0.0005–0.004 0.011 
Devices 1.726 0.773 0.206–3.246 0.026 

Notes: Adjusted by sex, age, pubertal development, and cardiorespiratory fitness.  

Devices: the availability of the evaluated electronic devices and transport at home.  

3.2. Discussion  

Although the present study did not include households in the highest socioeconomic strata (SES 4 to 6), 

children with greater waist circumference, and consequently a higher susceptibility to present with 

abdominal obesity, were from relatively more affluent families. There are a number of possible 

explanations for this finding. The child’s food environment is an important determinant of childhood 

obesity [29] and food consumption may be limited by its lower availability in the home in families 

with lower income.  

However, there is an interesting discrepancy between developed and developing countries, and the 

causal direction of the relationship between SES and obesity is complex [22]. In developed countries, 

obesity tends to be inversely related to household income. The highest energy-density foods are often 

the cheapest and diets which include foods with a high added sugar or fat content are more accessible 

to lower income groups than lower energy density, higher quality diets with a higher proportion of lean 

meats, fish, fruit and vegetables [30,31]. Meanwhile, high-SES individuals in developing countries 

seem to be at increased risk of being obese than their counterparts [22], probably due to an increased 

affinity toward a western type of lifestyle [32]. Children from high SES receive daily allowance 

(pocket money) to buy lunch and snacks. Because of the brand building efforts by transnational 

companies that heavily target this age group, fast foods, easily available in the school cafeteria, 

become their preferred choice [33].  

SES may influence energy balance not only by determining access to food, but also by affecting 

patterns of physical activity. In developed countries it is reported that children of high SES families 

have greater access to alternative activities [34,35] including outdoor entertainment an appealing 

alternative to increase physical activity levels. On the other hand, due to easy availability of domestic 
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help in developing countries, affluent children may resort to a relatively inactive lifestyle [33]. 

Moreover, the availability of transport at home (vehicle and/or motorcycle) could discourage active 

commuting either by walking or bicycling.  

The use of electronic devices has been increasing rapidly worldwide, even in populations of 

developing countries such as Colombia, part of lifestyle changes which increase participation in non-

active leisure time activities [12,13,34,35]. Greater access to electronic media in the home might 

increase screen time and consequently decrease the physical activity levels [12,13,35], while children 

in homes without these devices are forced to find other forms of leisure time pursuits. Physical 

inactivity seems to track from childhood into adulthood, and up to 80% of overweight or obese 

children remain obese in adulthood with significant impact on adult health [16,36]. 

The westernized food and physical activity patterns described may promote positive energy balance 

and result in weight gain. Hence, novel strategies to modify unhealthy nutrition patterns [29–31] and to 

provide popular active alternatives to displace sedentary activities should be adopted [37,38].  

The results of this study highlight that income and consumer good ownership, factors which 

influence the family environment, are multi-dimensional contributors to childhood adiposity.  

In Colombia, a developing country, waist circumference is positively associated with higher household 

income and greater availability of electronic devices and transport at home. Thus, nutritional education 

programs, and strategies to increase physical activity and reduce sedentary behavior may be fruitful in 

preventing overweight and obesity in schoolchildren. Early intervention is required to tackle the 

problem of childhood obesity. Additionally, the findings highlight the need for broadly based family 

and community level interventions targeting the social, economic and cultural dimensions of 

overweight and obesity. 

3.3. Study Limitations  

There are some study limitations that warrant consideration. First, the data analyzed in this present 

research is cross-sectional; therefore, a causal relationship cannot be inferred. Second, while we asked 

about the availability of electronic devices and transport at home, we did not ask how much time was 

spent using them. Further studies including this variable are required. Third, our analysis included low 

and mid SES schoolchildren and households, but not the highest socioeconomic strata of Colombian 

society, therefore our results may not be generalisable to this subpopulation. However, these social 

strata do account for the higher proportion of Colombian society and are representative of the social 

conditions under which the majority of Latin American youth live. 

4. Conclusions  

The present study, to our knowledge is the first to examine the association between waist 

circumference and both household income and availability of electronic devices and transport at home 

in Colombian children. The results from this study demonstrate that both higher household income and 

the availability of electronic devices and transport at home are positively and independently associated 

with greater waist circumference among children of low-middle SES. 
  



Int. J. Environ. Res. Public Health 2014, 11 1841 

 

 

Acknowledgments 

The authors would like to thank principals and teachers of the school “INEM—Custodio Garcia 

Rovira”, and schools of medicine, physiotherapy, nursing and bacteriology at the University of 

Santander—UDES for their assistance with the study. 

Author Contributions 

Diego Gómez-Arbeláez, Daniel D. Cohen and Patricio López-Jaramillo conceived the project; 

Diego Gómez-Arbeláez, Katherine Rincón-Romero, Laura Alvarado-Jurado and Sandra Pinzón carried 

out experiments, and Diego Gómez-Arbeláez and Paul A. Camacho analysed data. All authors were 

involved in writing the paper and had final approval of the submitted and published versions. 

Conflicts of Interest 

Diego Gómez-Arbeláez is supported as “Young Researcher” by the Colombian Department of 

Science, Technology and Innovation—Colciencias. The other authors declare that they have no 

competing interests. The ACFIES study is partially funded by the MAPFRE Foundation and the mayor 

of Bucaramanga—Colombia.  

References 

1. Wang, Y.; Lobstein, T. Worldwide trends in childhood overweight and obesity. Int. J. Pediatr. 

Obes. 2006, 1, 11–25. 

2. Swallen, K.C.; Reither, E.N.; Haas, S.A.; Meier, A.M. Overweight, obesity, and health-related 

quality of life among adolescents: The national longitudinal study of adolescent health. Pediatrics 

2005, 115, 340–347. 

3. Strauss, R.S. Childhood obesity and self esteem. Pediatrics 2000, 105, Available online: 

http://www.pediatrics.org/cgi/content/full/105/1/e16 (accessed on 15 November 2013).  

4. Puhl, R.; Brownell, K.D. Bias, discrimination, and obesity. Obes. Res. 2001, 9, 788–805. 

5. Freedman, D.S.; Khan, L.K.; Serdula, M.K.; Dietz, W.H.; Srinivasan, S.R.; Berenson, G.S.  

The relation of childhood BMI to adult adiposity: The Bogalusa Heart Study. Pediatrics 2005, 115, 

22–27. 

6. Srinivasan, S.R.; Myers, L.; Berenson, G.S. Predictability of childhood adiposity and insulin for 

developing insulin resistance syndrome (syndrome X) in young adulthood: The Bogalusa Heart 

Study. Diabetes 2002, 51, 204–209. 

7. Biro, F.M.; Wien, M. Childhood obesity and adult morbidities. Am. J. Clin. Nutr. 2010, 91, 

1499S–1505S. 

8. Prentice, A.M.; Jebb, S.A. Obesity in Britain: gluttony or sloth? BMJ 1995, 311, 437–439. 

9. Lopez-Jaramillo, P.; Lahera, V.; Lopez-Lopez, J. Epidemic of cardiometabolic diseases: A Latin 

American point of view. Ther. Adv. Cardiovasc. Dis. 2011, 5, 119–131. 

10. López-Jaramillo, P. Cardiometabolic disease in Latin America: The role of fetal programming in 

response to maternal malnutrition. Rev. Esp. Cardiol. 2009, 62, 670–676. 



Int. J. Environ. Res. Public Health 2014, 11 1842 

 

 

11. Swinburn, B.A.; Sacks, G.; Hall, K.D.; McPherson, K.; Finegood, D.T.; Moodie, M.L.; 

Gortmaker, S.L. The global obesity pandemic: Shaped by global drivers and local environments. 

Lancet 2011, 378, 804–814. 

12. Wake, M.; Hesketh, K.; Waters, E. Television, computer use and body mass index in Australian 

primary school children. J. Paediatr. Child. Health 2003, 39, 130–134.  

13. Proctor, M.H.; Moore, L.L.; Gao, D.; Cupples, L.A.; Bradlee, M.L.; Hood, M.Y.; Ellison, R.C. 

Television viewing and change in body fat from preschool to early adolescence: The Framingham 

children’s study. Int. J. Obes. Relat. Metab. Disord. 2003, 27, 827–833. 

14. Andersen, L.B.; Harro, M.; Sardinha, L.B.; Froberg, K.; Ekelund, U.; Brage, S.; Anderssen, S.A. 

Physical activity and clustered cardiovascular risk in children: A cross-sectional study. Lancet 

2006, 368, 299–304.  

15. Ekelund, U.; Anderssen, S.A.; Froberg, K.; Sardinha, L.B.; Andersen, L.B.; Brage, S.;  

European Youth Heart Study Group. Independent associations of physical activity and 

cardiorespiratory fitness with metabolic risk factors in children: The European youth heart study. 

Diabetologia 2007, 50, 1832–1840. 

16. Knuth, A.G.; Hallal, P.C. Temporal trends in physical activity: A systematic review. J. Phys.  

Act. Health 2009, 6, 548–559. 

17. Reichert, F.F.; Baptista Menezes, A.M.; Wells, J.C.; Carvalho Dumith, S.; Hallal, P.C.  

Physical activity as a predictor of adolescent body fatness: A systematic review. Sports Med. 2009, 

39, 279–294. 

18. Lee, I.M.; Shiroma, E.J.; Lobelo, F.; Puska, P.; Blair, S.N.; Katzmarzyk, P.T.; Lancet Physical 

Activity Series Working Group. Effect of physical inactivity on major non-communicable diseases 

worldwide: An analysis of burden of disease and life expectancy. Lancet 2012, 380, 219–229.  

19. Wang, Y. Cross-national comparison of childhood obesity: The epidemic and the relationship 

between obesity and socioeconomic status. Int. J. Epidemiol. 2001, 30, 1129–1136. 

20. Garcia, S.; Sarmiento, O.L.; Forde, I.; Velasco, T. Socio-economic inequalities in malnutrition 

among children and adolescents in Colombia: the role of individual-, household- and community-level 

characteristics. Public Health Nutr. 2012, 13, 1–16. 

21. Sobal, J.; Stunkard, A.J. Socioeconomic status and obesity: A review of the literature. Psychol. Bull. 

1989, 105, 260–275. 

22. Wang, Y.; Lim, H. The global childhood obesity epidemic and the association between  

socio-economic status and childhood obesity. Int. Rev. Psychiatry 2012, 24, 176–188. 

23. Ruiz, J.R.; Ortega, F.B.; Wärnberg, J.; Moreno, L.A.; Carrero, J.J.; Gonzalez-Gross, M.;  

Marcos, A.; Gutierrez, A.; Sjöström, M. Inflammatory proteins and muscle strength in adolescents: 

The Avena study. Arch. Pediatr. Adolesc. Med. 2008, 162, 462–468. 

24. Lohman, T.G.; Roche, A.F.; Martorell, R. Anthropometric Standardization Reference Manual; 

Human Kinetics: Illinois, IL, USA, 1991. 

25. Tanner, J.M.; Whitehouse, R.H. Clinical longitudinal standards for height, weight, height velocity, 

weight velocity, and stages of puberty. Arch. Dis. Child. 1976, 51, 170–179. 

26. Krustrup, P.; Mohr, M.; Amstrup, T.; Rysgaard, T.; Johansen, J.; Steensberg, A.; Pedersen, P.K.; 

Bangsbo, J. The Yo-Yo intermittent recovery test: Physiological response, reliability, and validity. 

Med. Sci. Sports Exerc. 2003, 35, 697–705. 



Int. J. Environ. Res. Public Health 2014, 11 1843 

 

 

27. Pollock, M.L.; Gaesser, G.A.; Butcher, J.D.; Després, J.P.; Dishman, R.K.; Franklin, B.A.; Garber, 

C.E. ACSM position stand: the recommended quantity and quality of exercise for developing and 

maintaining cardiorespiratory and muscular fitness, and flexibility in healthy adults.. Med. Sci. 

Sports Exerc. 1998, 30, 975–991. 

28. Gibbons, R.J.; Balady, G.J.; Bricker, J.T.; Chaitman, B.R.; Fletcher, G.F.; Froelicher, V.F.;  

Mark, D.B.; McCallister, B.D.; Mooss, A.N.; O’Reilly, M.G.; et al. ACC/AHA 2002 guideline 

update for exercise testing: Summary article. A report of the American college of 

cardiology/American heart association task force on practice guidelines (committee to update the 

1997 exercise testing guidelines). J. Am. Coll. Cardiol. 2002, 40, 1531–1540. 

29. Raychaudhuri, M.; Sanyal, D. Childhood obesity: Determinants, evaluation, and prevention. 

Indian J. Endocrinol. Metab. 2012, 16, S192–S194. 

30. Drewnowski, A.; Specter, S.E. Poverty and obesity: The role of energy density and energy costs. 

Am. J. Clin. Nutr. 2004, 79, 6–16.  

31. Cortés, D.E.; Millán-Ferro, A.; Schneider, K.; Vega, R.R.; Caballero, A.E. Food purchasing 

selection among low-income, Spanish-speaking Latinos. Am. J. Prev. Med. 2013, 44, S267–S273. 

32. Ebbeling, C.B.; Pawlak, D.B.; Ludwig, D.S. Childhood obesity: Public-health crisis, common 

sense cure. Lancet 2002, 360, 473–482. 

33. Gupta, N.; Goel, K.; Shah, P.; Misra, A. Childhood obesity in developing countries: 

Epidemiology, determinants, and prevention. Endocr. Rev. 2012, 33, 48–70.  

34. Chowhan, J.; Stewart, J.M. Television and the behavior of adolescents: Does socio-economic 

status moderate the link? Soc. Sci. Med. 2007, 65, 1324–1336. 

35. Fairclough, S.J.; Boddy, L.M.; Hackett, A.F.; Stratton, G. Associations between children’s 

socioeconomic status, weight status, and sex, with screen based sedentary behaviors and sport 

participation. Int. J. Pediatr. Obes. 2009, 4, 299–305. 

36. Yang, X.; Telama, R.; Viikari, J.; Raitakari, O. Risk of obesity in relation to physical activity 

tracking from youth to adulthood. Med. Sci. Sports Exerc. 2006, 38, 919–925.  

37. Dietz, W.H.; Gortmaker, S.L. Preventing obesity in children and adolescents. Annu. Rev. Public 

Health 2001, 22, 337–353. 

38. Maddison, R.; Foley, L.; Mhurchu, C.N.; Jull, A.; Jiang, Y.; Prapavessis, H.; Rodgers, A.;  

Vander Hoorn, S.; Hohepa, M.; Schaaf, D. Feasibility, design and conduct of a pragmatic randomized 

controlled trial to reduce overweight and obesity in children: The electronic games to aid 

motivation to exercise (eGAME) study. BMC Public Health 2009, 9, doi:10.1186/1471-2458-9-146. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


