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Child and adolescent overweight is a growing public health problem globally. Europe and low and middle-income (LMIC) countries in Sub-Saharan Africa provide sufficiently suitable populations to learn from with respect to the potential for mobile health (mHealth) interventions in this area of research. The aim of this paper is to identify mHealth interventions on prevention and treatment of childhood and adolescent obesity in Sub-Saharan Africa and Sweden and report on their effects, in order to inform future research in this area. A search of peer-reviewed publications was performed using PubMed, ScienceDirect, EBSCOhost, and Scopus. The search included all articles published up to August 2019. The search strings consisted of MeSH terms related to mHealth, overweight or obesity, children, adolescents or youth and individual countries in Europe and Sub-Saharan Africa. Second, a combination of free-text words; mobile phone, physical activity, exercise, diet, weight, BMI, and healthy eating was also used. Seven studies were reported from Europe and no eligible studies from Sub-Saharan Africa. The results of this narrative review indicate a lack of research in the development and testing of mHealth interventions for childhood and adolescent obesity. There is a need for an evidence base of mHealth interventions that are both relevant and appropriate in order to stem the epidemic of overweight and obesity among children and adolescents in these countries. Uptake of such interventions is likely to be high as there is high penetrance of mobile phone technology amongst adolescents, even within poor communities in Africa.
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INTRODUCTION

Over the past 20 years overweight and obesity has emerged as a serious nutritional and public health problem worldwide (1). In 2016, 39% of adults aged 18 years and older were overweight and 13% were obese. The overweight and obesity prevalence in 5–19-year olds has increased dramatically from 4% in 1975 to more than 18% in 2016 (2). The United Nations Sustainable Development Goals (SDGs) are recognized as the blueprint to address daily societal challenges, which include poverty, inequality, peace, and issues relating to the environment and sustainable resources. In particular, SDG 2 focuses on ending malnutrition and improving health and nutrition in both children and adults (3). Currently the global overweight prevalence for children under age five is 6.1%. SDG 2 has a target to eliminate childhood overweight and obesity by the year 2030 (4).

The aetiology and pathogenesis of obesity is multi-faceted. The determinants include both non-modifiable and modifiable risk factors such as genetic, gender, metabolic, environmental, socio-cultural, commercial, and psychological factors (5). Modifiable risk behaviours such as unhealthy eating, physical inactivity, tobacco and alcohol use are the result of a complex interplay of various factors. The obesity epidemic, first documented in the USA and many Western countries, is now growing in low- and middle-income countries (LMICs). Low- and middle-income countries have been undergoing a nutrition transition, where there is a shift from traditional diets high in fibre and low in salt, flour, refined oils and sugar; to diets that are high in fats, sugar and refined carbohydrates, and animal products. In addition, irregular, nutritionally unbalanced meals, and aggressive fast food sales and marketing aggravate the problem (6). The global increase in dietary sugars can be partly attributed to high consumption of sugar-sweetened beverages that contribute to the obesity epidemic, especially in LMICs where globalization and trade liberalization influence the availability and pricing of foods (6). Food is perceived not just as providing nutritional satisfaction but also as a health and beauty tool or medication; and changing sociocultural perceptions are spread amongst peers through social media (7). The utilization of foods rich in sugars and fats is also promoted through culture and the traditional perceptions regarding body size. For example, in South Africa and within Black communities, overweight is often seen positively as a sign of affluence and happiness (8). While local tradition emphasizes the desirability of a larger body size, and thinness is associated with HIV and illness, Black women feel pressured as they are subjected to the norms of westernization (9).

Data suggests that the nutrition transition is occurring at an accelerated pace in Sub-Saharan Africa, where there are relatively high rates of tobacco-use and overweight, and low physical activity compared to other LMICs. The speed at which the transition is occurring in SA is particularly striking (10) as are its effects on young people. Specifically, in 2002, 2008, and 2011 the SA Youth Risk Behaviour Survey was conducted, which measured heights and weights for 10,699, 9,648, and 9,617 high school learners, respectively (11). The Youth Risk Behaviour Survey (YRBS) provided evidence of an incoming wave of chronic disease. Over a 9-year period from 2002 to 2011, SA adolescents showed rapid changes in overweight and obesity. Overweight rates doubled from 6.3 to 12.8% in male adolescents; and among female adolescents' overweight rates increased from 24.3 to 32.8%. Obesity more than doubled among male adolescents from 1.6 to 3.6% and doubled from 5 to 10% among female adolescents (11). The YRBS also revealed the presence of over nutrition and undernutrition amongst different children in the same classes.

The dramatic increase in obesity in SA's children and youth is also occurring in other Sub-Saharan African (SSA) countries experiencing similar chronic disease transitions (12–16). Childhood malnutrition in Cameroon is still not recognized as a health concern. Data from a previous Demographic Health Survey (DHS) indicated that between 1991 and 2006 overweight prevalence in children aged 5 years and younger had doubled from 4.7 to 9.6% (17). A study using data of the 4th DHS identified 8% of children as overweight, of which 1.7% were obese (18). In Libya, obesity increases in children with age. National surveys conducted in 2008–2009 revealed that in children 5 years and younger obesity was 16.9%, and in adolescents aged 10–18 years, the prevalence was 6.1%. Further analysis identified a striking 42% prevalence in adolescents aged 10–12 years of age (19–21). Kenya has been struggling with issues of undernutrition and the growing concern of overweight and obesity. According to the DHS conducted, overweight prevalence in children aged 5 years and younger dropped slightly from 5% in 2008–2009 to 4% in 2014. In 2016, overweight in school-aged children and adolescents was recorded at 11.3% (22). Overweight/obesity prevalence in Rwanda in children aged five and younger increased from 7% in the DHS 2010 to 8% in the DHS 2014–2015 (23). A systematic review in 2019 noted that overweight and obesity is on the rise and a matter of concern in several SSA countries, including those mentioned above, in children and adolescents aged 0–18 years (24). As a result of the nutrition transition, over nutrition has begun to replace undernutrition as the primary cause of preventable mortality in several LMICs. This is accompanied by rapid urbanization, which leads to increasingly sedentary lifestyles (11). LMICs are thus currently facing the double burden of under and over nutrition, and the latter may be contributing to overweight and obesity, and associated cardiometabolic disorders, thereby placing greater pressure on their often underdeveloped health systems (9).

This research study arises from a Sweden/South Africa collaboration initiative to build bi-lateral, multi-disciplinary academic relationships that bring together public health and information technology. These two regions provide diverse examples of the growing global obesity problem that can be collaboratively addressed through innovative technological solutions.

In Sweden, obesity is one of the five main risk factors that contributes to morbidity. According to the WHO, in 2008, of the adult population aged 20 years and older, 53.3% were overweight, while 18.6% were obese. Overweight prevalence was higher in males (60.2%) in comparison to females (46.6%), and obesity prevalence followed a similar trend of being higher in males (19.9%) in comparison to their female counterparts (17.3%) (25). According to a national survey in 2011, in participants aged 16–84 years of age, the overweight and obesity prevalence were 49 and 13%, respectively, where 14% of males and 13% of females were obese (26). Among children in Sweden, overweight and obesity have doubled over the past few decades (27). According to the WHO European Childhood Obesity Surveillance Initiative: 2008 (COSI), in children aged 7 years, 22% of females and 23.5% of males were overweight, while 5.1% of females and 6.8% of males were obese (28). In children aged 8 years, overweight prevalence in females was 23.5 and 26.3% in males, while obesity was 6.8 and 9.7%, respectively (29). The Health Behaviour in the School-aged Children (HBSC) survey, conducted amongst Swedish adolescents in 2009/2010 identified overweight and obesity in 11 year old females at 16% and males at 24% (note 2 of WHO), whilst in the 13 year old group, overweight and obesity was 11% in females and 20% in males. In the 15-year-old group, the prevalence was 8% in females and 20% in males (28). In high-income countries (HICs) such as Sweden, who have already undergone nutrition transitions, with the associated urbanization, economic growth and lifestyle changes, there is now an inverse relationship between wealth and obesity. Sweden appears to be following the global trend of accelerating child obesity, and this requires urgent attention.

It is evident that in order to attenuate the effects of child and adolescent obesity, and to improve the health and well-being of the future generation of adults, strategies must be developed to improve child and adolescent nutrition, physical activity, and tobacco-use behaviours (11). Healthy eating and physical activity are significant positively contributing factors in child development. Establishing and maintaining desirable health promoting behaviours, attitudes, social norms, outcome expectancies and overall health needs to be initiated during this formative period. The breakdown in creating the desire for healthy eating behaviours, facilitated by commercial factors such as advertising of fast foods, has resulted in the current global childhood obesity epidemic. Hence, the weight-gain trend in children and adolescents ultimately results in adult obesity (30). Furthermore, it is also during this growth period that co-morbidities such as high blood pressure, some forms of cancers, diabetes, stroke, and heart disease, as well as mortality and mental illness (30) may appear as short-term health consequences but may well-progress into adulthood (31). There is a need for interventions that address the unique behavioral (dietary, physical activity), psychological (stress, loss of support systems), and environmental determinants (availability/accessibility to fast food) of obesity in children and adolescents in different country contexts. Obesity determinants in children and adolescents differ in HICs and LMIC settings. Determinants identified in Western societies often fail to generalize to the unique and rapidly changing social, cultural, political and economic systems in LMICs, including those in SSA (11). It follows then that the interventions found to be effective in HIC settings may not be as effective in LMIC settings.

Behavioural intervention research on youth obesity prevention has been primarily conducted in the US, UK, Europe, and other high-income countries (HICs) (32–41). These studies found improvements in physical activity and eating behaviours with some corresponding changes in BMI z-scores. In South Africa or other Sub-Saharan African countries experiencing nutrition transitions, on the other hand, there is little-to-no behavioural intervention research addressing youth obesity related behaviours (42). Obesity preventative and treatment interventions that can reach large populations at low cost are required. Electronic mobile technologies such as smartphones and applications (apps) have become an integral part of society. The high usage of smartphones enables mobile health (mHealth) interventions to be viable options for obesity related programmes, including amongst children and adolescents. mHealth interventions can reach a wider audience of users and enable individualized flexibility-of-use and communication, real time data monitoring and feedback and analysis (43). Advancement in communication and digital media technology mean that obesity mHealth programmes can also be used as data collection, assessment, and behaviour self-monitoring tools (44–47).

Sweden had an early focus on adopting and integrating eHealth interventions to improve health care. Digitization is at the heart of health informatics and poses challenges to health care and services and the interaction between health care professionals and patients (48). In the Scandinavian countries, welfare is closely connected to technological development (48). The first national eHealth strategy was presented by the social democratic government in Sweden in as early as 2006 (49). In Sweden, key organizers in the healthcare sector describe the development and deployment of eHealth as a paradigm shift aimed at enabling patients' increased access to information about themselves to improve their health situation by patient empowerment. In the policy document, Vision for eHealth 2025, the Swedish Government together with the Swedish Association of Local Authorities and Regions state that Sweden should be world leading by 2025 in its use of the opportunities offered by eHealth (50). Healthcare in Sweden, including access to electronic records, is largely digitized and integrates mobile health solutions (51).

In 2007, 79.1% of Swedish children aged 7–14 years reported having mobile phone access (52). Today nearly all young people in Sweden use smartphones daily. Among 10-year olds for example, 88% use their own mobile phone (53). Smartphone ownership is fast growing in SSA, where in 2015 it was highest in South Africa, and ranged between 30–35% for Kenya, Nigeria, Senegal and Ghana (54). Young people were the most frequent users. In South Africa smartphone penetration among the general population doubled over the last 2 years and is currently at 81.7% (55). In 2011 72% of SA high school learners reported having their own cell phones, a figure which is likely to have grown significantly since (11). Young people in urban and rural areas of SA use their mobile phones most of the time for communicating socially as well as to seek information on career advice, entertainment, education and research and health (56).

The mHealth Strategy 2015–2019 of SA envisions a healthy and long life for all South Africans, by including and applying mHealth as an integral component of health care service delivery so that the needs of the health system such as health education, data management and information communication are met (57). Internationally, there has been a considerable amount of investment in mHealth research. However, locally in SA, this is limited due to insufficient funding.

The mHealth arena provides a timely opportunity for HICs such as Sweden, who were early adopters of and are now established users of health technology, to collaboratively develop intervention programmes with LMICs to efficiently address their unique determinants of childhood and adolescent obesity. This type of collaborative intervention research enable technology transfer from an HIC to an LMIC. The primary aim of this paper is to identify existing mHealth interventions on prevention and treatment of childhood and adolescent obesity in Sub-Saharan Africa and Europe, with a specific focus on South Africa and Sweden in order to inform future research in this area.



METHODS


Search Strategy

We searched for peer-reviewed publications using four databases, namely Medline (PubMed), ScienceDirect, EBSCOhost, and Scopus. The search included all articles published up to August 2019. The search strings consisted of Mesh terms related to mHealth, overweight or obesity, children, adolescents or youth and individual countries in Europe or Sub-Saharan Africa. Second, a combination of free-text words; mobile phone, physical activity, exercise, diet, weight, BMI, and eating was also used. Supplementary Table 1 shows the search strings used. In addition, reference lists of relevant reviews were scanned. Retrieved records were assessed against the selection criteria in three stages—screening of titles, abstracts, and full texts.



Selection

Search results using the MeSH terms were screened for relevance, based on the inclusion criteria.

We included experimental research studies that fulfilled the following criteria:

- Used mobile phones to deliver health education or promotion to children or adolescents

- Targeted weight control, exercise or physical activity, or healthy eating behaviours

- Were administered to either children/adolescents or to their parents in any country in either Europe or Sub-Saharan Africa.



Findings

The search yielded 1951 titles for Sub-Saharan Africa, of which 14 abstracts were screened. The search for Europe yielded 856 titles, of which 71 abstracts were screened. After a careful examination taking into consideration the selection criteria, one study on mHealth interventions for children or adolescent obesity prevention and/or treatment was found for Sweden and there were no eligible studies in Sub-Saharan Africa, with six studies from other European countries (Figure 1).
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FIGURE 1. Flowchart of different stages of the review.





RESULTS

From the seven studies yielded for Europe, six studies looked at adolescents improving their lifestyle through diet and/or physical activity interventions. The PEGASO study was conducted in four sites, namely Spain, Italy, and UK (England, Scotland). The app includes adolescents' preferences, a technology combination that includes an entertainment, advisory, self-monitoring, and social support tool. However, actual data could not be retrieved for this study (58). The remaining studies utilized text messaging to promote healthy behaviors in children aged 8–10 years (59); investigated the impact of web and mobile technologies for type 1 diabetes therapy (60); the use of short message services (SMS) to promote lifestyle behaviors and psychological wee-being in children aged 7–12 years (61); and the use of mHealth to explore healthy eating in ethnic minority first or second year students (62).

The MINISTOP (Mobile-Based Intervention Intended to Stop Obesity in Preschoolers) intervention was the core mHealth intervention used in the Swedish study found (63). MINISTOP is a mHealth programme delivered via a smartphone application to parents of preschool children. It was designed for parents to help their children achieve a healthy weight and body fat, and improve their diets and physical activity. The content areas included healthy and fast food, breakfast, meals sizes and frequencies, snacking, physical activity, and sedentary behaviour. Information and strategies on how to change unhealthy behaviours were provided for each focus area. Parents were asked to record their child's consumption of selected food groups and sedentary time; and graphic feedback and automated comments were provided in response to the information they recorded. The design element included some tailored feedback mechanisms based on information inputs on food consumption and sedentary time. The study used a 2-arm parallel design randomised-controlled-trial and was conducted over 6 months among 313 children and their parents [54% boys, mean age: 4.5 (S.D = 0.1)]. At 6-month follow-up the study found no statistically significant intervention effect for fat mass index (FMI) (the primary outcome). However, there was a significant intervention effect for a mean composite score comprised of diet and physical activity variables and this effect was more pronounced in children with a higher FMI. The study was conducted among general samples of children, that is those with and without higher-fat body compositions, and this is likely to have diluted the effects. Since stopping use of the application, the composite score effect was not maintained at the 12-month follow-up (64). The results of this literature review suggest more room for intervention research on the development and testing of mHealth interventions addressing child and adolescent obesity in Europe and SSA.

In SSA, while there were no studies on adolescents and children, there are some mHealth intervention studies in adults that are designed to promote weight control, physical activity, and healthy eating. These were all, however, administered to people with chronic conditions such as Diabetes (65), hypertension (66, 67), or stroke survivors (68). They were primarily text messaging based including goal-targeted exercise programmes. One study did use mHealth for malnutrition prevention, but the study focused on improving infant and child feeding practices and therefore did not match the criteria outlined (69). There is therefore a need to build mHealth interventions for children and adolescents in SSA that are technologically on par with similar applications in HICs.



IMPLICATIONS FOR SOUTH AFRICA AND SWEDEN

Sweden is an early adopter of eHealth and mHealth technology in general and has valuable expertise in this area. However, regarding mHealth interventions targeting obesity-related behaviours for adolescents and children specifically, this review shows that interventions in Sub-Saharan Africa or in Sweden are rare. Mobile devices are ubiquitous in most regions of the world and provide unprecedented access to test health interventions in the context that obesity is an ever-growing, worldwide health burden. The findings provide an opportunity for Sweden and SA to jointly develop relevant interventions. This paper lays the foundational research for the broader Sweden-South Africa collaboration study that seeks to develop and test an mHealth intervention aimed at reducing BMI in overweight children aged 10–18 years, that is tailored for use in the South Africa and Swedish contexts.

Creative mHealth applications are able to transform health services in low-, medium- and high-income countries by, among other things, bringing health care to unserved or underserved populations (70). Mobile phones can create entirely new opportunities for health care, especially in countries with shortcomings in infrastructure, expertise and human resources in the health care system (70). Confidence is growing that mHealth solutions can alleviate the problems of health systems caused by under-funding, lack of qualified staff, and inefficient procedures (71).

Cross-country collaborations are likely to be more effective in finding mHealth solutions to the obesity epidemic in young people, and the collaboration will provide an opportunity to enhance digital literacy in SSA. Given the high smartphone use among children and adolescents in Sweden and Sub-Saharan Africa, the area of mHealth interventions is a key focus for the future. Interventions that are multi-sectoral and multidisciplinary in nature have been shown to be more effective in addressing risk behaviours among young people, including behaviours that place young people at risk for obesity. In the developing and testing of mHealth interventions for obesity prevention, the public health sector can improve their health outcomes by bringing in the technical expertise from the information and communication technology (ICT) sector. Additionally, the interventions should be grounded in cognitive social theory and evidence based behavioural change techniques. Determinant studies should be conducted to establish the unique obesity related determinants in different country contexts, and thereby inform tailoring by socio-economic status, culture and political context.

Furthermore, this literature review provides some insights into design implications for a mHealth intervention. Due to the widespread availability and access to mobile devices, any mHealth intervention must be device neutral and able to run on any platform and device, and therefore a progressive web application that can run on any modern device with a web browser and access to the Internet is to be preferred. Additionally, it would be interesting to expand beyond mobile devices and explore the use of wearables, especially fitness trackers and smartwatches, as an extension of an intervention that could even automatically gather real-time, objective, quantitative biological data. Mobile technology affords several features to obesity related mHealth applications, which would enhance usability and uptake in children and adolescents. For example, the MINISTOP study, used a tool, which allowed users to photograph their meals and answer a food-frequency questionnaire, from which the tool calculated energy intake (72).

Two key aspects to discuss regarding the results of this narrative literature review on mHealth interventions to address childhood obesity in Europe, especially Sweden and SSA are why there is such a lack of mHealth interventions and what are the exact affordances that a mHealth intervention offers that more traditional interventions do not. Regarding the lack of research, there are several possible influencing factors such as lack of research funding, technical expertise or political guidance. Though speculative, it is reasonable to envision that mHealth interventions have not taken place or been prioritized because political and research institutions have not encouraged or focused on mHealth interventions for childhood obesity, despite the obvious affordances that mobile devices provide. Regarding affordances, mobile environments are commonplace in both SA and SSA and afford interactivity, real-time data collection and analysis, support multimedia and game-based learning, tailor-made and adaptive solutions, and parental monitoring and tracking. In short, the obvious affordances of an mHealth intervention for childhood obesity directly contradicts the current lack of research and should sound an alarm for more research in the intersection of mHealth and childhood obesity.

Therefore, it would be beneficial to develop and test mHealth interventions in SA and Sweden that are administered to children and adolescents and involve their parents. However, within a health systems approach, obesity prevention and treatment is often a multi-pronged strategy, where parents, children and health care workers interact and work together to help children with, or at risk of, obesity, to achieve desired weight management and behaviour change for improved long-term health. Figure 2 shows the nexus between obesity prevention and treatment roles, mobile device affordances, and activities between the key stakeholders who are the children, parents, and health workers. Health workers play an important role in monitoring and tracking patients and capturing this information into the health system records. Therefore, a comprehensive mHealth strategy would target children, parents and health care workers involved in youth and paediatric care.
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FIGURE 2. The affordances and key stakeholders of a mHealth intervention.


Lessons from previous research in behavioural obesity treatment in children in general has shown that behavioral treatment for obesity should be started at an early age to increase the chance for positive results and childhood obesity treatment should be continued for at least 3 years (38). An early, long-term targeted intervention is key to effect change in obesity (40) and healthy eating habits are a key factor in effecting weight change (39). Design elements of future interventions would be enhanced by including educational and motivational components that are tailored on an individual level. In this way, users can submit information and have interactive interfaces, where they can respond to messages or media and receive automated tailored feedback. For example, interactive game-based learning would be optimal for children. The viability of mHealth interventions is likely to be high in both Sweden and South Africa, as the use of smart phones by adolescents is pervasive even in poor communities. Furthermore, the influence of social peers is strong amongst adolescents; and is often disseminated through social media and mobile phone messaging.



CONCLUSION

Given the lack of existing mHealth research regarding childhood and adolescent obesity in Europe and SSA, the affordances that mobile devices and wearables can offer for health behaviour change, and the potential for a Sweden-South Africa collaborative study to enhance health technology transfer from HIC to LMIC countries, the paper provides the impetus to develop or adapt an mHealth intervention to address childhood obesity and perform controlled trials to test its efficacy in both Sweden and South Africa. Aside from the direct benefits that successful interventions would bring to these diverse regions, they would also add depth to this relatively young field of global study.



AUTHOR CONTRIBUTIONS

PR devised the project and the main conceptual idea. PR, ND, and RS gathered, reviewed the documents, took the lead in writing the manuscript, and wrote it in consultation with ME, NK, and WJ. PR, ND, and RS revised the first draft of manuscript. All authors proofed the final draft of manuscript.



FUNDING

This study received seed funding from the South Africa Sweden University Forum (SASUF) and the Department of Higher Education and Training (DHET) in South Africa.



ACKNOWLEDGMENTS

We would like to thank South Africa Sweden University Forum (SASUF) and the Department of Higher Education & Training (DHET) in South Africa for financing the short-term collaborative project that made possible this narrative literature review.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2021.604439/full#supplementary-material



ABBREVIATIONS

LMICS, low and middle-income; SDGs, sustainable development goals; YRBS, Youth Risk Behaviour Survey; SSA, Sub-Saharan Africa; DHS, Demographic Health Survey; WHO, world health organization; COSI, Childhood Obesity Surveillance Initiative; HBSC, Health Behaviour in the School-aged Children; HIC, high income countries; MINISTOP, Mobile-Based Intervention Intended to Stop Obesity in Preschoolers; ICT, information and communication technology.



REFERENCES

 1. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing countries. Nutr Rev. (2012) 70:3–21. doi: 10.1111/j.1753-4887.2011.00456.x

 2. World Health Organization (WHO). Obesity and Overweight Factsheet. (2018). Available online at: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed September 19, 2019).

 3. UN DESA. The Sustainable Development Goals Report 2016. Report, UN, New York (2016).

 4. World Health Organization (WHO). Target 7: Halt the Rise in Obesity. (2017). Available online at: http://www.who.int/nmh/ncd-tools/target7/en/ (accessed September 19, 2019).

 5. Raj M, Kumar K. Obesity in children and adolescents. Ind J Med Res. (2010) 132:598–607. 

 6. Popkin BM. Global nutrition dynamics: the world is shifting rapidly toward a diet linked with noncommunicable diseases. Am J Clin Nutr. (2006) 84:289–98. doi: 10.1093/ajcn/84.2.289

 7. Hawks SR, Madanat HN, Merrill RM, Goudy MB, Miyagawa T. A cross-cultural analysis of ‘motivation for eating’ as a potential factor in the emergence of global obesity: Japan and the United States. Health Promot Int. (2003) 18:153–62. doi: 10.1093/heapro/18.2.153

 8. Puoane T, Steyn K, Bradshaw D, Laubscher R, Fourie J, Lambert V, et al. Obesity in South Africa: the South African demographic and health survey. Obes Res. (2002) 10:1038–48. doi: 10.1038/oby.2002.141

 9. Steyn NP. ‘Big is beautiful’ — and unhealthy and confusing? South Afr J Clin Nutr. (2005) 18:4–5. doi: 10.1080/16070658.2005.11734032

 10. Patton GC, Coffey C, Cappa C, Currie D, Riley L, Gore F, et al. Health of the world's adolescents: a synthesis of internationally comparable data. The Lancet. (2012) 379:1665–75. doi: 10.1016/S0140-6736(12)60203-7

 11. Reddy SP, James S, Sewpaul R, Sifunda S, Ellahebokus A, Kambaran Ns, et al. Umthente Uhlaba Usamila: the 3rd South African National Youth Risk Behaviour Survey 2011. Repor. South African Medical Research Council (2013).

 12. Ziraba AK, Fotso JC, Ochako R. Overweight and obesity in urban Africa: a problem of the rich or the poor? BMC Public Health. (2009) 9:465. doi: 10.1186/1471-2458-9-465

 13. Ji C-Y, Chen T-J. Secular changes in stature and body mass index for Chinese youth in sixteen major cities, 1950s-2005. Am J Human Biol. (2008) 20:530–7. doi: 10.1002/ajhb.20770

 14. Raj M, Sundaram K, Paul M, Deepa AS, Kumar RK. Obesity in Indian children: time trends and relationship with hypertension. Natl Med J India. (2007) 20:288–93. 

 15. Zhang M, Guo F, Tu Y, Kiess W, Sun C, Li X, et al. Further increase of obesity prevalence in Chinese children and adolescents - cross-sectional data of two consecutive samples from the city of Shanghai from 2003 to 2008. Pediatr Diabetes. (2012) 13:572–7. doi: 10.1111/j.1399-5448.2012.00877.x

 16. Bac A, Wozniacka R, Matusik S, Golec J, Golec E. Prevalence of overweight and obesity in children aged 6–13 years—alarming increase in obesity in Cracow, Poland. Eur J Pediat. (2011) 171:245–51. doi: 10.1007/s00431-011-1519-1

 17. World Health Organization. Global Database on Child Growth and Malnutrition. (2013). Available online at: http://www.who.int/nutgrowthdb/database/countries/who_standards/cmr_dat.pdf?ua=1 (accessed September 19, 2019).

 18. Tchoubi S, Sobngwi-Tambekou J, Noubiap JJN, Asangbeh SL, Nkoum BA, Sobngwi E. Prevalence and risk factors of overweight and obesity among children aged 6–59 months in cameroon: a multistage, stratified cluster sampling nationwide survey. PLoS ONE. (2015) 10:e0143215. doi: 10.1371/journal.pone.0143215

 19. Elmehdawi RR, Albarsha AM. Obesity in Libya: a review. Libyan J Med. (2012) 7:19086. doi: 10.3402/ljm.v7i0.19086

 20. League of Arab States, National Center for Disease Control (Libya). Pan Arab Project for Family Health (PAPFAM). Libya Family Health Survey report (2007). 

 21. World Health Organization. The Global Health Observatory. Available online at: https://apps.who.int/infobase/Indicators.aspx (accessed September 19, 2019).

 22. Feed the Future: The U.S. Government's Global Hunger and Food Security Initiative-Promotion of food security and agriculture-Adult men and women, Kenya. (2012). Available online at: http://feedthefuture.gov/country/kenya (accessed September 19, 2019). 

 23. Feed the Future: The U.S. Government's Global Hunger and Food Security Initiative-Promotion of food security and agriculture-Adult men and women, Rwanda. (2012). Available online at: http://feedthefuture.gov/country/rwanda (accessed September 19, 2019). 

 24. Ganu D. Prevalence and contributing factors for overweight and obesity in children 0-18 years in sub saharan Africa for 20-year period: systematic review. Acta Sci Nutr Health. (2019) 3:67–72. doi: 10.31080/ASNH.2019.03.0534

 25. World Health Organisation. Health Observatory Data Respiratory. (2013). Available online at: http://apps.who.int/gho/data/view.main (accessed September 19, 2019).

 26. World Health Organisation. Nutrition, Physical Activity and Obesity Sweden. (2013). Available online at: http://www.euro.who.int/__data/assets/pdf_file/0003/243327/Sweden-WHO-Country-Profile.pdf (accessed September 19, 2019).

 27. Mårild S, Bondestam M, Bergström R, Ehnberg S, Hollsing A, Albertsson-Wikland K. Prevalence trends of obesity and overweight among 10-year-old children in western Sweden and relationship with parental body mass index. Acta Paediatrica. (2007) 93:1588–95. doi: 10.1111/j.1651-2227.2004.tb00848.x

 28. World Health Organisation. Nutrition, Social determinants of Health and Well-Being Among Young People. Health Behaviour in School-aged Children (HBSC) Study: International Report From the 2009/2010 Survey. Report, WHO Regional Office for Europe (2012).

 29. Wijnhoven TMA, van Raaij JMA, Spinelli A, Rito AI, Hovengen R, Kunesova M, et al. WHO European Childhood Obesity Surveillance Initiative 2008: weight, height and body mass index in 6-9-year-old children. Pediatr Obes. (2012) 8:79–97. doi: 10.1111/j.2047-6310.2012.00090.x

 30. Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett PH, Looker HC. Childhood obesity, other cardiovascular risk factors, and premature death. N Engl J Med. (2010) 362:485–93. doi: 10.1056/NEJMoa0904130

 31. Hanvey AN, Mensah FK, Clifford SA, Wake M. Adolescent cardiovascular functional and structural outcomes of growth trajectories from infancy: prospective community-based study. Child Obes. (2017) 13:154–63. doi: 10.1089/chi.2016.0263

 32. HEALTHY Study Group. A school-based intervention for diabetes risk reduction. N Engl J Med. (2010) 363:443–53. doi: 10.1056/NEJMoa1001933

 33. Waters E, de Silva-Sanigorski A, Burford BJ, Brown T, Campbell KJ, Gao Y, et al. Interventions for preventing obesity in children. Cochrane Database Syst Rev. (2011) 12:CD001871. doi: 10.1002/14651858.CD001871.pub3

 34. Bock DE, Robinson T, Seabrook JA, Rombeek M, Norozi K, Filler G, et al. The Health Initiative Program for Kids (HIP Kids): effects of a 1-year multidisciplinary lifestyle intervention on adiposity and quality of life in obese children and adolescents - a longitudinal pilot intervention study. BMC Pediatr. (2014) 14:296. doi: 10.1186/s12887-014-0296-1

 35. Meyer U, Schindler C, Zahner L, Ernst D, Hebestreit H, van Mechelen W, et al. Long-term effect of a school-based physical activity program (KISS) on fitness and adiposity in children: a cluster-randomized controlled trial. PLoS ONE. (2014) 9:e87929. doi: 10.1371/journal.pone.0087929

 36. van Nassau F, Singh AS, Cerin E, Salmon J, van Mechelen W, Brug J, et al. The Dutch Obesity Intervention in Teenagers (DOiT) cluster controlled implementation trial: intervention effects and mediators and moderators of adiposity and energy balance-related behaviours. Int J Behav Nutr Phys Act. (2014) 11:158. doi: 10.1186/s12966-014-0158-0

 37. Hollis JL, Sutherland R, Campbell L, Morgan PJ, Lubans DR, Nathan N, et al. Effects of a ‘school-based’ physical activity intervention on adiposity in adolescents from economically disadvantaged communities: secondary outcomes of the ‘Physical Activity 4 Everyone’ RCT. Int J Obes. (2016) 40:1486–93. doi: 10.1038/ijo.2016.107

 38. Müssener U, Bendtsen M, Karlsson N, White IR, McCambridge J, Bendtsen P. Effectiveness of short message service text-based smoking cessation intervention among university students. JAMA Int Med. (2016) 176:321–8. doi: 10.1001/jamainternmed.2015.8260

 39. Danielsson P, Svensson V, Kowalski J, Nyberg G, Ekblom O, Marcus C. Importance of age for 3-year continuous behavioral obesity treatment success and dropout rate. Obes Facts. (2012) 5:34–44. doi: 10.1159/000336060

 40. Marcus C, Nyberg G, Nordenfelt A, Karpmyr M, Kowalski J, Ekelund U. A 4-year, cluster-randomized, controlled childhood obesity prevention study: STOPP. Int J Obes. (2009) 33:408–17. doi: 10.1038/ijo.2009.38

 41. Sobko T, Svensson V, Ek A, Ekstedt M, Karlsson H, Johansson E, et al. A randomised controlled trial for overweight and obese parents to prevent childhood obesity - Early STOPP (STockholm Obesity Prevention Program). BMC Public Health. (2011) 11:336. doi: 10.1186/1471-2458-11-336

 42. Klingberg S, Draper CE, Micklesfield LK, Benjamin-Neelon SE, van Sluijs EMF. Childhood obesity prevention in Africa: a systematic review of intervention effectiveness and implementation. Int J Environ Res Public Health. (2019) 16:1212. doi: 10.3390/ijerph16071212

 43. Partridge SR, Redfern J. Prevention of obesity and cardiovascular disease in young people using technology. J Cardiol Ther. (2018) 5:718–22. doi: 10.17554/j.issn.2309-6861.2018.05.142

 44. Krishna S, Boren SA, Balas EA. Healthcare via cell phones: a systematic review. Telemed e-Health. (2009) 15:231–40. doi: 10.1089/tmj.2008.0099

 45. Riley WT, Rivera DE, Atienza AA, Nilsen W, Allison SM, Mermelstein R. Health behavior models in the age of mobile interventions: are our theories up to the task? Transl Behav Med. (2011) 1:53–71. doi: 10.1007/s13142-011-0021-7

 46. Tate DF. Application of Innovative Technologies in the Prevention and Treatment of Overweight in Children and Adolescents. In: Jelalian E, Steele RG, editors. Handbook of Childhood and Adolescent Obesity. Issues in Clinical Child Psychology. Boston, MA: Springer (2008). doi: 10.1007/978-0-387-76924-0_23

 47. Gance-Cleveland B, Gilbert LH, Kopanos T, Gilbert KC. Evaluation of technology to identify and assess overweight children and adolescents. J Spec Pediatr Nurs. (2010) 15:72–83. doi: 10.1111/j.1744-6155.2009.00220.x

 48. Ostlund B. Digitizing health care: Welfare technology as a way to meet digital and demographic challenges in Sweden. In: 2017 4th International Conference on Systems and Informatics (ICSAI) 78–83. Hangzhou: IEEE (2017). doi: 10.1109/ICSAI.2017.8248267

 49. Hellberg S, Johansson P. EHealth strategies and platforms – The issue of health equity in Sweden. Health Policy Technol. (2017) 6:26–32. doi: 10.1016/j.hlpt.2016.09.002

 50. Petersson L. Paving the Way for Transparency: How eHealth Technology Can Change Boundaries in Healthcare. Lund: Department of Design Sciences, Faculty of Engineering, Lund University (2020). p. 117

 51. Rosborg S, Lindburg M, Ramukumba M, Jaderlund, Hagstedt L, Hagglund M. Exploring mHealths Fit to Workflow in Homecare – A Case Study in Sweden. Sustainability in Dynamic Ecosystems. (2019). Available online at: https://uu.diva-portal.org/smash/get/diva2:1347348/FULLTEXT01.pdf (accessed October 7, 2019). 

 52. Söderqvist F, Hardell L, Carlberg M, Mild KH. Ownership and use of wireless telephones: a population-based study of Swedish children aged 7–14 years. BMC Public Health. (2007) 7:105. doi: 10.1186/1471-2458-7-105

 53. Svenskarna och internet. The Swedes and the Internet. (2013). Available online at: https://svenskarnaochinternet.se/english/

 54. Pew Research Centre. Spring 2017 Global Attitudes Survey. (2018). Available online at: https://www.pewresearch.org/global/2018/10/09/majorities-in-sub-saharan-africa-own-mobile-phones-but-smartphone-adoption-is-modest/ (accessed October 7, 2019).

 55. ICASA. State of the ICT Sector in South Africa – 2019 Report. (2019). Available online at: https://www.icasa.org.za/legislation-and-regulations/state-of-ict-sector-in-south-africa-2019-report (accessed October 7, 2019).

 56. UNICEF. mHealth and Young People in South Africa. Report, HealthEnabled and UNICEF South Africa (2017).

 57. National Department of Health South Africa. mHealth Strategy 2015-2019. (2015). Available online at: http://www.health.gov.za/index.php/shortcodes/2015-03-29-10-42-47/2015-04-30-08-29-27/mental-health?download=3023:mhealth-strategy-2015-2019 (accessed October 7, 2019).

 58. Caon M, Carrino S, Angelini L, Khaled OA, Mugellini E, Velickovski F, et al. Teenagers' usage of a mobile-wearable-cloud platform to promote healthy lifestyles: the PEGASO experience. Annu Int Conf IEEE Eng Med Biol Soc. (2018) 2018:1576–9. doi: 10.1109/EMBC.2018.8512535

 59. Fassnacht DB, Ali K, Silva C, Gonçalves S, Machado PP. Use of text messaging services to promote health behaviors in children. J Nutr Educ Behav. (2015) 47:75–80. doi: 10.1016/j.jneb.2014.08.006

 60. Berndt RD, Takenga C, Preik P, Kuehn S, Berndt L, Mayer H, et al. Impact of information technology on the therapy of type-1 diabetes: a case study of children and adolescents in Germany. J Pers Med. (2014) 4:200–17. doi: 10.3390/jpm4020200

 61. de Niet J, Timman R, Bauer S, van den Akker E, Buijks H, de Klerk C, et al. The effect of a short message service maintenance treatment on body mass index and psychological well-being in overweight and obese children: a randomized controlled trial. Pediatr Obes. (2012) 7:205–19. doi: 10.1111/j.2047-6310.2012.00048.x

 62. Rodgers RF, Franko DL, Shiyko M, Intille S, Wilson K, O'Carroll D, et al. Exploring healthy eating among ethnic minority students using mobile technology: Feasibility and adherence. Health Informatics J. (2016) 22:440–50. doi: 10.1177/1460458214565950

 63. Nyström CD, Sandin S, Henriksson P, Henriksson H, Trolle-Lagerros Y, Larsson C, et al. Mobile-based intervention intended to stop obesity in preschool-aged children: the MINISTOP randomized controlled trial. Am J Clin Nutr. (2017) 105:1327–35. doi: 10.3945/ajcn.116.150995

 64. Nyström CD, Sandin S, Henriksson P, Henriksson H, Maddison R, Löf M. A 12-month follow-up of a mobile-based (mHealth) obesity prevention intervention in pre-school children: the MINISTOP randomized controlled trial. BMC Public Health. (2018) 18:658. doi: 10.1186/s12889-018-5569-4

 65. Owolabi EO, Goon DT, Ajayi AI. Efficacy, acceptability and feasibility of daily text-messaging in promoting glycaemic control and other clinical outcomes in a low-resource setting of South Africa: a randomised controlled trial. PLoS ONE. (2019) 14:e0224791. doi: 10.1371/journal.pone.0224791

 66. Bobrow K, Farmer AJ, Springer D, Shanyinde M, Yu LM, Brennan T, et al. Mobile phone text messages to support treatment adherence in adults with high blood pressure (StAR): a single-blind, randomized trial. Circulation. (2016) 133:592–600. doi: 10.1161/CIRCULATIONAHA.115.017530

 67. Hacking D, Haricharan HJ, Brittain K, Lau YK, Cassidy T, Heap M. Hypertension health promotion via text messaging at a community health center in South Africa: a mixed methods study. JMIR mHealth uHealth. (2016) 4:e22 doi: 10.2196/mhealth.4569

 68. Sarfo FS, Treiber F, Gebregziabher M, Adamu S, Nichols M, Singh A, et al. Phone-based intervention for blood pressure control among Ghanaian stroke survivors: a pilot randomized controlled trial. Int J Stroke. (2019) 14:630–8. doi: 10.1177/1747493018816423

 69. Downs SM, Sackey J, Kalaj J, Smith S, Fanzo J. An mHealth voice messaging intervention to improve infant and young child feeding practices in Senegal. Matern Child Nutr. (2019) 15:e12825. doi: 10.1111/mcn.12825

 70. Barkman C, Weinehall L. Policymakers and mHealth: roles and expectations, with observations from Ethiopia, Ghana and Sweden. Global Health Action. (2017) 10:1337356. doi: 10.1080/16549716.2017.1337356

 71. Aranda-Jan CB, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what works, what does not work and why of implementation of mobile health (mHealth) projects in Africa. BMC Public Health. (2014) 14:188. doi: 10.1186/1471-2458-14-188

 72. Henriksson H, Bonn SE, Bergström A, Bälter K, Bälter O, Delisle C, et al. A new mobile phone-based tool for assessing energy and certain food intakes in young children: a validation study. JMIR mHealth uHealth. (2015) 3:e38. doi: 10.2196/mhealth.3670 

Conflict of Interest: ME and NK were employed by the company ARCH Actuarial Consulting.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Reddy, Dukhi, Sewpaul, Ellahebokus, Kambaran and Jobe. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mobile Health Interventions Addressing Childhood and Adolescent Obesity in Sub-Saharan Africa and Europe: Current Landscape and Potential for Future Research



		Introduction



		Methods



		Search Strategy



		Selection



		Findings







		Results



		Implications for South Africa and Sweden



		Conclusion



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Mobile Health Interventions
Addressing Childhood and
Adolescent Obesity in Sub-Saharan
Africa and Europe: Current
Landscape and Potential for Future
Research





OPS/images/fpubh-09-604439-g001.gif
Tt identifed through doabose serche
1=1951 forS5A nd ne8s6 for Erope.

1937 for SSaandn
europe

[ —
ne12for S 3nd =47 fo Europe

[T —

12 orSSA an =24 for Erope.

Excuded 15 for urope (due to
doplcae studies and not meeting
inclusion cteri) and bt studies

Final manuscriptsincuded:

7studieinEurope (1 for Sweder)






OPS/images/fpubh-09-604439-g002.gif
Children










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





